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ix

In 2000, the Institute of Medicine (IOM) report To Err Is Human: Build-
ing a Safer Health System raised awareness about medical errors and accel-
erated existing efforts to prevent such errors. The present report makes clear
that with regard to medication errors, we still have a long way to go. The
current medication-use process, which encompasses prescribing, dispensing,
administering, and monitoring, is characterized by many serious problems
and issues that threaten both the safety and positive outcomes of the pro-
cess. Each of the steps in the process needs improvement and further study.

At the beginning of the medication-use process, prescribers often lack
sufficient knowledge about how the drugs they are prescribing will work in
specific patient populations. If the balance of medication risks and benefits
is not known (as is common, for example, with children and the elderly), it
is impossible to say whether medication use is safe. Improving medication
use and reducing errors, therefore, requires improving the quality of infor-
mation generated by the pharmaceutical industry and other researchers re-
garding drug products and their use in clinical practice. We also need to
better understand how to communicate such information to clinicians and
patients via packaging, leaflets, and health information technology systems.
Lastly, we need to understand how better to prevent medication errors in all
care settings and in transitions between care settings. In this report, the IOM
Committee on Identifying and Preventing Medication Errors proposes a re-
search agenda for industry and government that can help meet these critical
needs.

Despite the lack of data regarding many interventions that might im-
prove the quality and safety of medication use, the committee offers recom-

Preface
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x PREFACE

mendations for change that should be implemented and evaluated. People
who use medications to meet their health care needs have a huge stake in
that effort. The most powerful strategy for improving safety may be moti-
vating providers and organizations to support the full engagement of pa-
tients and surrogates in improving the safety of medication use. In addition,
providers and leaders of health care organizations must create the climate
and infrastructure necessary to continuously learn about and improve the
safety of all steps in the medication-use process. This report provides guid-
ance on the types of error prevention strategies that should be implemented
in each care setting. It also presents the committee’s recommendations for
the pharmaceutical industry, government, and regulatory, certification, and
accreditation bodies, each of which has a role to play in improving the qual-
ity and safety of medication use.

This report represents the culmination of the dedicated efforts of three
groups of people. We would like to thank our fellow committee members
who have worked long and diligently on this challenging study, the many
experts who provided formal testimony to the committee and informal ad-
vice throughout the study, and the staff of the Health Care Services Board
who managed the study and coordinated the writing of the final report.

J. Lyle Bootman, Ph.D., Sc.D.
Linda R. Cronenwett, Ph.D., M.A., R.N.
Cochairs
July 2006
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1

Summary

ABSTRACT

The use of medications is ubiquitous. In any given week, more
than four of five U.S. adults take at least one medication (prescrip-
tion or over-the-counter [OTC] drug, vitamin/mineral, or herbal
supplement), and almost a third take at least five different medica-
tions.1 Errors can occur with any of these products at any point in
the medication-use process and in any care setting. The frequency
of medication errors and preventable medication-related injuries
represents a very serious cause for concern.

The Centers for Medicare and Medicaid Services sponsored
this study by the Institute of Medicine (IOM) with the aim of
developing a national agenda for reducing medication errors based
on estimates of the incidence of such errors and evidence on the
efficacy of various prevention strategies. The study focused on the
safe, effective, and appropriate use of medications in the major
components of the medication-use system, addressing the use of
prescription drugs, OTC drugs, and complementary and alterna-
tive medications, in a wide range of care settings—hospital, long-
term, and community.

The committee estimates that on average, a hospital patient is
subject to at least one medication error per day, with considerable

1In this report, the terms medication and drug are used interchangeably.
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2 PREVENTING MEDICATION ERRORS

variation in error rates across facilities. The few existing studies of
the costs associated with medication errors are limited to the health
care costs incurred by preventable injuries, and these are substantial.

At least a quarter of all medication-related injuries are prevent-
able. Many efficacious error prevention strategies are available,
especially for hospital care; examples are electronic prescribing and
clinical decision-support systems that check dosages and monitor
for harmful drug–drug interactions. This report provides guidance
on how to implement error prevention strategies in hospitals, long-
term care, and ambulatory care.

Establishing and maintaining a strong provider–patient part-
nership is a key approach for reducing medication errors. The
report outlines how such a partnership can be achieved and what
roles providers, patients, and third parties must play. For example,
consumers should maintain careful records of their medications,
providers should review a patient’s list of medications at each en-
counter and at times of transition between care settings (e.g., hospi-
tal to outpatient care), and the federal government should seek
ways to improve the quality of pharmacy leaflets and medication-
related information on the Internet for consumers.

Health care providers in all settings should seek to create high-
reliability organizations that constantly improve the safety and
quality of medication use. To this end, they should implement
active internal monitoring programs so that progress toward im-
proved medication safety can be accurately demonstrated. The re-
port offers guidance on appropriate monitoring systems for each
major care setting.

In carrying out this study, the IOM committee identified enor-
mous gaps in the knowledge base with regard to medication errors.
Current methods for generating and communicating information
about medications are inadequate and contribute to the incidence
of errors. Likewise, incidence rates of medication errors in many
care settings, the costs of such errors, and the efficacy of prevention
strategies are not well understood. The report proposes a research
agenda to address these and other knowledge gaps.

STUDY SCOPE

The Institute of Medicine (IOM) report To Err Is Human: Building a
Safer Health System (IOM, 2000) accelerated existing efforts to prevent
medication errors and improve the quality of health care, efforts that are just
now gaining acceptance as a discipline requiring investment in individuals
who specialize in error prevention and quality improvement. Against this
background, at the urging of the Senate Finance Committee, the United States
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SUMMARY 3

Congress directed the Centers for Medicare and Medicaid Services (CMS) to
contract with the IOM for a study to formulate a national agenda for reduc-
ing medication errors by developing estimates of the incidence of such errors
and determining the efficacy of prevention strategies (see Box S-1).

THE LEVEL AND CONSEQUENCES OF MEDICATION ERRORS
ARE UNACCEPTABLE

Rates of Errors and Preventable Harmful Events Are High

The frequency of medication errors and preventable adverse drug
events (ADEs) (defined in Box S-2) is a very serious cause for concern. In

BOX S-1
Scope of the Study

Congress, through the Medicare Modernization Act of 2003 (Section 107(c)),
mandated the Centers for Medicare and Medicaid Services to sponsor the Institute
of Medicine to carry out a study:

• To develop a fuller understanding of drug safety and quality issues through
the conduct of an evidence-based review of the literature, case studies and anal-
ysis. This review will consider the nature and causes of medication errors; their
impact on patients; and the differences in causation, impact and prevention across
multiple dimensions of health care delivery including patient populations, care set-
tings, clinicians, and institutional cultures.

• If possible, to develop estimates of the incidence, severity and costs of
medication errors that can be useful in prioritizing resources for national quality
improvement efforts and influencing national health care policy.

• To evaluate alternative approaches to reducing medication errors in terms
of their efficacy, cost-effectiveness, appropriateness in different settings and cir-
cumstances, feasibility, institutional barriers to implementation, associated risk,
and quality of evidence supporting the approach.

• To provide guidance to consumers, providers, payers, and other key stake-
holders on high-priority strategies to achieve both short-term and long-term drug
safety goals, to elucidate the goals and expected results of such initiatives and
support the business case for them, and to identify critical success factors and key
levers for achieving success.

• To assess opportunities and key impediments to broad nationwide imple-
mentation of medication error reductions, and to provide guidance to policy-
makers and government agencies in promoting a national agenda for medication
error reduction.

• To develop an applied research agenda to evaluate the health and cost
impacts of alternative interventions, and to assess collaborative public and private
strategies for implementing the research agenda through the Agency for Health-
care Research and Quality and other government agencies.
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4 PREVENTING MEDICATION ERRORS

BOX S-2
Key Definitions

Error: The failure of a planned action to be completed as intended (error of execu-
tion) or the use of a wrong plan to achieve an aim (error of planning). An error may
be an act of commission or an act of omission (IOM, 2004).

Medication error: Any error occurring in the medication-use process (Bates et al.,
1995a). Examples include wrong dosage prescribed, wrong dosage administered
for a prescribed medication, or failure to give (by the provider) or take (by the
patient) a medication.

Adverse drug event: Any injury due to medication (Bates et al., 1995b). Exam-
ples include a wrong dosage leading to injury (e.g., rash, confusion, or loss of
function) or an allergic reaction occurring in a patient not known to be allergic to a
given medication.

hospitals, errors are common during all steps of the medication-use
process—procuring the drug, prescribing, dispensing, administering, and
monitoring the patient’s response. In hospitals, they occur most frequently
at the prescribing and administration stages.

Published error rates depend on the intensity and specifics of the error
detection methods used. In particular, some methods are better suited to
certain stages of the medication-use process. Detection methods addressing
all stages but not including direct observation of administration found a
rate of 0.1 prescribing errors per patient per day in a study of hospital
pediatric units (Kaushal et al., 2001) and a rate of 0.3 prescribing errors per
patient per day in a study of hospital medical units (Bates et al., 1995a). A
major study using direct observation of administration (Barker et al., 2002)
carried out at 36 different health care facilities found an administration
error rate of 11 percent, excluding doses administered outside the sched-
uled time (“wrong-time” errors). Since a hospital patient receives on aver-
age at least ten medication doses per day, this figure suggests that on
average, a hospital patient is subject to one administration error per day.
Further, since prescribing and administration errors account for about three-
fourths of medication errors (Leape et al., 1995), the committee conserva-
tively estimates that on average, a hospital patient is subject to at least one
medication error per day. Substantial variations in error rates are found,
however. For the 36 facilities in the study mentioned above, the administra-
tion error rate (excluding wrong-time errors) ranged from 0 to 26 percent,
with a median value of 8.3 percent (Barker et al., 2002).

A preventable ADE is a serious type of medication error. ADEs, defined
as any injury due to medication (Bates et al., 1995b), are common in
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hospitals, nursing homes, and the outpatient setting. ADEs associated with
a medication error are considered preventable. The committee estimates
that at least 1.5 million preventable ADEs occur each year in the United
States:

• Hospital care—Classen and colleagues (1997) projected 380,000
preventable ADEs occurring annually, and Bates and colleagues (1995b)
450,000. These are likely underestimates given the higher preventable ADE
rate of another study using more comprehensive ADE identification meth-
ods (Jha et al., 1998).

• Long-term care—Gurwitz and colleagues (2005) projected 800,000
preventable ADEs, again likely an underestimate given the higher ADE
rates of other studies.

• Ambulatory care—Among outpatient Medicare patients alone,
Gurwitz and colleagues (2003) projected 530,000 preventable ADEs. Their
approach was conservative, however, because it did not involve direct con-
tact with patients, which yields much higher rates (Gandhi et al., 2003).

The above data exclude errors of omission—failure to prescribe medi-
cations for which there is an evidence base for the ability to reduce mor-
bidity and mortality. With respect to such errors, the committee found well-
documented evidence of inadequate treatments for acute coronary
syndromes, heart failure, chronic coronary disease, and atrial fibrillation,
as well as inadequate antibiotic and thrombosis prophylaxis in hospitals.

Morbidity Due to Medication Errors Is Costly

Current understanding of the costs of medication errors is highly incom-
plete. Most of what is known relates to additional health care costs associ-
ated with preventable ADEs, which represent the injuries caused by errors.

For hospital care, there is one estimate of the extra costs of inpatient
care for a preventable ADE incurred while in the hospital—$5,857 (Bates et
al., 1997). This figure excludes health care costs outside the hospital and
was derived from 1993 cost data. Assuming conservatively an annual inci-
dence of 400,000 in-hospital preventable ADEs, each incurring extra hospi-
tal costs of $5,857, yields an annual cost of $2.3 billion in 1993 dollars or
$3.5 billion in 2006 dollars.

For long-term care, as noted earlier, Gurwitz and colleagues (2005)
projected an annual incidence of 800,000 preventable ADEs. However,
there is no estimate of the associated health care costs for this group of
preventable ADEs.

For ambulatory care, the best estimate derives from a study (Field et al.,
2005) that calculateed the annual cost of preventable ADEs for all Medi-
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care enrollees aged 65 and older. The cost in 2000 per preventable ADE
was estimated at $1,983, while national annual costs were estimated at
$887 million.

In addition to the likelihood of underestimation, the above estimates
are characterized by some important omissions. First, the costs of some
highly common medication errors, such as drug use without a medically
valid indication and failure to receive drugs that should have been pre-
scribed, were excluded from the Medicare study of ambulatory ADEs (Field
et al., 2005). Moreover, the costs of morbidity and mortality arising from
the failure of patients to comply with prescribed medication regimens were
not assessed. Second, all the studies omitted some important costs: lost
earnings, costs of not being able to carry out household duties (lost house-
hold production), and compensation for pain and suffering. Third, few data
are available for any setting regarding the costs of medication errors that do
not result in harm. While no injury is involved, these errors often create
extra work, and the costs involved may be substantial.

Effective Error Prevention Strategies Are Available

According to most studies, at least a quarter of all harmful ADEs are
preventable. Moreover, many efficacious error prevention strategies are
available, especially for hospital care. In the hospital setting, there is good
evidence for the effectiveness of computerized order entry with clinical
decision-support systems (Bates et al., 1998), for clinical decision-support
systems themselves (Evans et al., 1994), and for pharmacist participation
on hospital rounds (Leape et al., 1999). Bar coding and smart intravenous
(IV) pumps show promise for the hospital setting, but their efficacy has not
yet been clearly demonstrated.

Interventions consisting of educational visits appear to hold promise
for improving prescribing practices and patient outcomes in nursing homes.
Involving pharmacists in the management of medications in nursing homes
and ambulatory care also shows promise, but requires additional study.
This intervention has been most successful to date in populations with
certain conditions, such as diabetes.

IMPROVED PROVIDER–PATIENT COMMUNICATION IS VITAL

Achieving the patient-centered model of care envisioned in the IOM
report Crossing the Quality Chasm: A New Health System for the 21st
Century (IOM, 2001) will require a paradigm shift away from a paternalis-
tic, provider-centric model of care. Consumers (and their surrogates) should
be empowered as partners in their care, with appropriate communication,
information, and resources in place to support them. For medication safety,
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consumers and providers (including physicians, nurses, and pharmacists)
should know and act on patients’ rights, providers should engage in mean-
ingful communication about the safe and effective use of medications at
multiple points in the medication-use process, and government and other
participants should improve consumer-oriented written and electronic in-
formation resources.

Patient Rights

Patient rights are the foundation for the safe and ethical use of medica-
tions (see Box S-3). Ignoring these rights can have lethal consequences.
Millions of Americans take prescription drugs each year without being fully
informed by their providers about associated risks, contraindications, and
side effects. When clinically significant medication errors do occur, they
usually are not disclosed to patients or their surrogates unless injury or
death results.

Many but not all patient rights relating to medical care have been
established broadly in the U.S. Constitution (Amendments I and XIV) and
articulated by the courts through common law. Certain states have insti-
tuted a patient bill of rights relating to particular providers or care settings.
One important point not specifically addressed by these laws is the right for
a patient to be told when an adverse event occurs. Establishing a compre-
hensive set of patient rights in one document would facilitate patient and

BOX S-3
Patient Rights

Patients have the right to:

• Be the source of control for all medication management decisions that af-
fect them (that is, the right to self-determination).

• Accept or reject medication therapy on the basis of their personal values.
• Be adequately informed about their medication therapy and alternative

treatments.
• Ask questions to better understand their medication regimen.
• Receive consultation about their medication regimen in all health settings

and at all points along the medication-use process.
• Designate a surrogate to assist them with all aspects of their medication

management.
• Expect providers to tell them when a clinically significant error has occurred,

what the effects of the event on their health (short- and long-term) will be, and
what care they will receive to restore their health.

• Ask their provider to report an adverse event and give them information
about how they can report the event themselves.
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provider understanding and exercise of these rights and improve the safety
and quality of medication use.

Actions for Consumers

For sound medication management, providers and consumers2 should
maintain an up-to-date record of medications being administered, including
prescription medications, over-the-counter (OTC) drugs, and dietary supple-
ments, as well as all known drug and/or food allergies. Such records are
especially important for patients who have chronic conditions, see multiple
providers, or take multiple medications.

By becoming more informed and engaged, consumers (and their surro-
gates) may decrease the probability of experiencing a medication error
(Cohen, 2000). Such actions can range from the simple and routine, such
as double-checking their prescription when dropping it off and picking it
up from the pharmacy, to the more involved, such as forming an active
partnership with providers in managing their health care. When using
OTC medications, herbal remedies, and dietary supplements, consumers
should seek the information they need to make informed decisions. When
obtaining medical care, consumers should ask questions and insist on
answers from providers to guide their decision making based on their
personal values and preferences. They should ensure that their provider
explains their medication regimen clearly and speak up if they do not
understand. In addition, they should ensure that providers give them writ-
ten information about their medications, as well as tell them where to
obtain information from other sources. Finally, consumers should commu-
nicate with their providers if they experience any unexpected changes in
the way they feel after initiating a new medication. Some specific actions
consumers can take are outlined in Box S-4.

Actions for Providers

Providers can take several specific actions to improve medication safety
(see Box S-5). First, they can verify the patient’s current medication list for
appropriateness at each encounter, and they can ensure that this list is
accurate at times of transition between care settings. They can educate
their patients about the medication regimen, understanding that patients
need different kinds of information at different times and for different
purposes. Providers can also respect patients’ wishes and inform them of

2In this report, the term consumers is often used in referring to patients to emphasize the
active role individuals need to take in ensuring the quality of the health care services they are
purchasing.
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BOX S-4
Consumer Actions to Enhance Medication Safety

Personal/Home

• Maintain a list of the prescription drugs, nonprescription drugs, and other
products, such as vitamins and minerals, you are taking.

• Take the list with you when you visit any medical practitioner, and have him
or her review it.

• Be aware of where to find educational material in your local community and
at reliable Internet sites.

Ambulatory Care/Outpatient Clinic

• Have the prescriber provide in writing the name of the drug (brand and
generic names, if available), what it is for, its dosage, and how often to take it, or
provide other written material with this information.

• Have the prescriber explain how to use the drug properly.
• Ask about the side effects of the drug and what to do if you experience a

side effect.

Pharmacy

• Make sure the name of the drug (brand or generic) and the directions
for use received at the pharmacy are the same as what is written down by the
prescriber.

• Know that you can review your list of medications with the pharmacist for
additional safety.

• Know that you have the right to counseling by the pharmacist if you have
any questions; you can ask the pharmacist to explain how to take the drug pro-
perly, what side effects it has, and what to do if you experience them (just as you
did with your prescriber).

• Ask for written literature about the drug.

Hospital Inpatient (Patient or Surrogate)

• Ask the doctor or nurse what drugs you are being given at the hospital.
• Do not take a drug without being told the reason for doing so.
• Exercise your right to have a surrogate present whenever you are receiving

medication and are unable to monitor the medication-use process yourself.
• Prior to surgery, ask whether there are medications, especially prescription

antibiotics, that you should take or any you should stop taking preoperatively.
• Prior to discharge, ask for a list of the medications you should be taking at

home, have a provider review them with you, and be sure you understand how the
medications should be taken.

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

10 PREVENTING MEDICATION ERRORS

their rights, including the right to have a surrogate present and involved
in their medication management whenever they are unable to monitor
their own medication use.

When communicating about medication errors that occur with the
potential for or actual harm, providers can tell patients how the error may
affect their health and what is being done to correct it. The vast majority of
patients want and expect to be told about errors, particularly those that
cause them harm.

Barriers Experienced by Consumers and Providers

In the current system, a number of barriers affect the ability of consum-
ers to engage in safe and effective use of medications and the ability of
providers to change their day-to-day practices to support new consumer-
oriented activities (Cohen, 2000). These barriers include (1) knowledge
deficits, such as patients lacking sufficient education about their medica-
tions and providers lacking the latest pharmacological knowledge about
particular drugs; (2) practical barriers, such as patients being unable to pay
for their medications and providers having to operate burdensome prescrib-
ing arrangements required by payers; and (3) attitudinal factors, such as
patients and providers having different cultural norms and beliefs about the
use of medications. These barriers often result in errors, such as taking the
wrong dose, taking a medication at the wrong time, or taking someone
else’s medication. Many of these barriers can be overcome by improved
consumer-oriented drug information, efforts on the part of providers to
respond to the challenges faced by their patients, and actions by health care
organizations to adopt a culture of safety and make more extensive use of
information technology.

BOX S-5
Issues for Discussion with Patients by Providers

(Physicians, Nurses, and Pharmacists)

• Review the patient’s medication list routinely and during care transitions.
• Review different treatment options.
• Review the name and purpose of the selected medication.
• Discuss when and how to take the medication.
• Discuss important and likely side effects and what to do about them.
• Discuss drug–drug, drug–food, and drug–disease interactions.
• Review the patient’s or surrogate’s role in achieving appropriate medication use.
• Review the role of medications in the overall context of the patient’s health.
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Recommendation 1: To improve the quality and safety of the
medication-use process, specific measures should be instituted
to strengthen patients’ capacities for sound medication self-
management. Specifically:

• Patients’ rights regarding safety and quality in health care and
medication use should be formalized at the state and/or federal
levels and ensured at every point of care.

• Patients (or their surrogates) should maintain an active list of
all prescription drugs, over-the-counter drugs, and dietary supple-
ments they are taking; the reasons for taking them; and any known
drug allergies. Every provider involved in the medication-use pro-
cess for a patient should have access to this list.

• Providers should take definitive action to educate patients (or
their surrogates) about the safe and effective use of medications.
They should provide information about side effects, contraindica-
tions, and how to handle adverse reactions, as well as where to
obtain additional objective, high-quality information.

• Consultation on their medications should be available to pa-
tients at key points in the medication-use process (during clinical
decision making in ambulatory and inpatient care, at hospital dis-
charge, and at the pharmacy).

Actions for Government and Other Stakeholders

Consumers should be able to obtain high-quality information about
medications not only from their providers, but also from the pharmacy and
Internet and community-based resources. However, these resources need
significant improvement in two overarching areas.

First, current materials (e.g., pharmacy information sheets [leaflets],
Internet-based information) are inadequately designed to facilitate consum-
ers’ ability to read, comprehend, and act on medication information. Phar-
macy leaflets are the source of such information most relied upon by con-
sumers. Yet a number of studies have revealed the inadequate quality of
these leaflets, as well as their variable quality from one pharmacy to an-
other and from one drug to another (Svarstad and Mount, 2001). Internet-
based health information has proliferated over the last decade, providing
consumers with immediate access to valuable resources such as medical
journals and libraries, but most consumers are unfamiliar with how to
access this information since it usually does not figure prominently during
online searches. Rather, consumers are directed to a multitude of other
sources of information with differing standards for the content provided.
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The federal government should develop mechanisms for improving phar-
macy leaflets and the quality of Internet information for consumers.

Second, there is a need for additional resources beyond pharmacy leaf-
lets and Internet information that can be provided on a national scale. In
particular, a national drug information telephone helpline and community-
based health resource centers should be developed to promote consumer
education. Further, communication networks already in place, such as those
associated with the public health infrastructure (e.g., the Centers for Dis-
ease Control and Prevention’s National Center for Health Marketing) and
consumer networks should be used for broad dissemination of national
medication safety initiatives.

Recommendation 2: Government agencies (i.e., the Agency for
Healthcare Research and Quality [AHRQ], the Centers for Medi-
care and Medicaid Services [CMS], the Food and Drug Administra-
tion [FDA], and the National Library of Medicine [NLM]) should
enhance the resource base for consumer-oriented drug information
and medication self-management support. Such efforts require stan-
dardization of pharmacy medication information leaflets, improve-
ment of online medication resources, establishment of a national
drug information telephone helpline, the development of personal
health records, and the formulation of a national plan for the
dissemination of medication safety information.

• Pharmacy medication information leaflets should be standard-
ized to a format designed for readability, comprehensibility, and
usefulness to consumers. The leaflets should be made available to
consumers in a manner that accommodates their individual needs,
such as those associated with variations in literacy, language, age,
and visual acuity.

• The NLM should be designated as the chief agency respon-
sible for Internet health information resources for consumers. Drug
information should be provided through a consumers’ version of
the DailyMed program, with links to the NLM’s Medline Plus
program for general health and additional drug information.

• CMS, the FDA, and the NLM, working together, should un-
dertake a full evaluation of various methods for building and fund-
ing a national network of drug information helplines.

• CMS, the FDA, and the NLM should collaborate to confirm
a minimum dataset for personal health records and develop re-
quirements for vendor self-certification of compliance. Vendors
should take the initiative to improve the use and functionality of
personal health records by incorporating basic tools to support
consumers’ medication self-management.
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• A national plan should be developed for widespread distribu-
tion and promotion of medication safety information. Health care
provider, community-based, consumer, and government organiza-
tions should serve as the foundation for such efforts.

ELECTRONIC PRESCRIBING AND MONITORING FOR
ERRORS IN ALL CARE SETTINGS ARE ESSENTIAL

Safe medication use requires that clinicians synthesize several types of
information, including knowledge of the medication itself, as well as under-
standing of how it may interact with coexisting illnesses and medications
and how its use might be monitored. Several electronic supports can help
providers absorb and apply the necessary information.

Access to Automated Point-of-Care Reference Information

The underlying knowledge base is constantly changing, creating a situ-
ation in which it is almost impossible for health care providers to have
current knowledge of every medication they prescribe. Clinicians therefore
need access to critical syntheses of the evidence base. The Cochrane Col-
laboration (CC, 2005) is one such resource. In addition, many software
applications now being developed provide decision support for prescribing
clinicians (Epocrates, 2005). Applications of this type are typically avail-
able via the Internet or on personal digital assistants (PDAs). All prescribers
should use point-of-care reference information.

Electronic Prescribing

Paper-based prescribing is associated with high error rates (Kaushal et
al., 2003). Having all pharmacies receive prescriptions electronically would
result in fewer errors than occur with current paper or oral approaches
(Bates, 2001). Electronic prescribing is safer (Bates et al., 1998) because it
eliminates handwriting and ensures that the key fields (for example, drug
name, dose, route, and frequency) include meaningful data. More impor-
tant, as noted above, computerization enables the delivery of clinical deci-
sion support (Evans et al., 1998), including checks for allergies, drug–drug
interactions, overly high doses, and clinical conditions, as well as sugges-
tions for appropriate dosages given the patient’s level of renal function and
age. It should be noted that recent studies have identified implementation
problems and the unintended occurrence of new types of errors with these
computerized approaches (for example, pharmacy inventory displays of
available drug doses being mistaken for the usual or minimally effective
doses). Avoiding these problems requires addressing business and cultural
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issues before such strategies are implemented and aggressively solving tech-
nological problems during the implementation process. Regulatory issues
must also be addressed for electronic transmission of prescriptions to be
practical.

Effective Use of Well-Designed Technologies

To deliver safe drug care, health care organizations should make effec-
tive use of well-designed technologies, which will vary by setting. Although
the evidence for this assertion is strongest in the inpatient setting (AHRQ,
2005), the use of technology will undoubtedly lead to major improvements
in all settings. In acute care, technologies should target prescribing by in-
cluding computerized provider order entry with clinical decision support.
Administration is also a particularly vulnerable stage in the medication-use
process, and several technologies are likely to be especially important in this
stage. These include electronic medication administration records, which
can improve documentation of what medications have been given and when,
as well as machine-readable identification, such as bar coding, and smart IV
infusion pumps. All these technologies should be linked electronically.

In nursing homes, computerized prescribing with decision support will
likely be important, although there has been little research on its efficacy
(Gurwitz et al., 2005). Moreover, implementation of computerized pre-
scribing in this setting will be challenging since most nursing homes have
very limited resources.

Some evidence suggests that computerized prescribing will be impor-
tant in the outpatient setting as well (Gandhi et al., 2003), although it may
not yield significant safety benefits without added decision support. Equally
important are likely to be approaches that improve communication be-
tween patients and providers.

Communication of Patient-Specific Medication-Related Information

The delivery of care often involves moving the locus of care among sites
and providers. These “handoffs” are fraught with errors. One strategy for
reducing errors during these care transitions is to reconcile medication
orders between transition points, especially between care settings such as
hospital and outpatient, but also between points within organizations, such
as the intensive care unit and a general care unit. This reconciliation in-
volves comparing what a patient is taking in one setting with what is being
provided in another to avoid errors of transcription and omission, duplica-
tion of therapy, and drug–drug and drug–disease interactions. This process
typically reveals many discrepancies (Pronovost et al., 2003).
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Reconciliation is facilitated when medication data are transmitted elec-
tronically among providers, with confirmation by the patient. Three impor-
tant steps are required. First, a complete and accurate medication list must
be compiled. Second, the data must be structured into components such as
the medication name, dose, route, frequency, duration, start date, and so
on. Third, these data must be formatted in a way that allows disparate
computer systems to understand both their structure and content.

The power of interoperable health care data was demonstrated after
the devastation of Hurricane Katrina. Pharmacy chains were able to make
patients’ medication lists available quickly to care providers, and states
with immunizations registries were able to retrieve immunization records,
enabling the enrollment of children in new schools.

Monitoring for Errors

All health care provider groups should seek to be high-reliability organi-
zations preoccupied with the possibility of failure (Reason, 2000). They
should implement active internal monitoring programs so that progress to-
ward improved medication safety can be accurately demonstrated. Voluntary
internal reporting systems have recognized limitations for evaluating the true
frequency of medication errors and ADEs (Flynn et al., 2002). Error detec-
tion methods that complement such systems should be used in all care set-
tings. These include computerized detection of ADEs, observation of medica-
tion passes in hospitals to assess administration errors, and audits of filled
prescriptions in community pharmacies to monitor dispensing errors.

Many external programs exist to which patients and providers can
report a medication error or hazardous situation (IOM, 2004). Voluntary
practitioner reporting to an external program will continue to be impor-
tant, as it is often the only way practitioners can effect change outside their
organizations. Errors need to be reported and analyzed if improvements in
care are to be achieved.

Adopting a Safety Culture

Patient safety can best be achieved through the adoption of a culture of
safety—an organizational commitment to continually seeking to improve
safety. To achieve a safety culture, senior management of health care orga-
nizations must devote sufficient attention to safety, as well as make suffi-
cient resources available for quality improvement and safety teams (IOM,
2004). Senior management must also authorize the investment of resources
in technologies that have been demonstrated to be effective but are not yet
widely implemented in most organizations, such as computerized provider
order entry systems and electronic health records. It has become increas-
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ingly clear that the introduction of any of these technologies requires close
attention to business processes and ongoing maintenance. As noted above,
studies have shown that these tools can have unintended and adverse conse-
quences, and that avoiding these consequences requires addressing both
business and cultural issues.

Recommendation 3: All health care organizations should immedi-
ately make complete patient-information and decision-support
tools available to clinicians and patients. Health care systems should
capture information on medication safety and use this information
to improve the safety of their care delivery systems. Health care
organizations should implement the appropriate systems to enable
providers to:

• Have access to comprehensive reference information concern-
ing medications and related health data.

• Communicate patient-specific medication-related information
in an interoperable format.

• Assess the safety of medication use through active monitoring
and use these monitoring data to inform the implementation of
prevention strategies.

• Write prescriptions electronically by 2010. Also by 2010, all
pharmacies should be able to receive prescriptions electronically.
By 2008, all prescribers should have plans in place to implement
electronic prescribing.

• Subject prescriptions to evidence-based, current clinical deci-
sion support.

• Have the appropriate competencies for each step of the
medication-use process.

• Make effective use of well-designed technologies, which will
vary by setting.

ENORMOUS KNOWLEDGE DEFICITS MUST BE ADDRESSED

Current methods for generating and communicating information
about medications are inadequate and contribute to a growing rate of
medication errors. Likewise, error incidence rates, costs to the health
system, and prevention strategies are not well understood. As a result,
there are enormous gaps in the knowledge required to implement a safe
medication-use system.
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Risk/Benefit Information for Prescription Drugs

Being able to determine whether a medication error has been made
depends on knowing the correct dose of the drug for that patient at that
time and whether the indication for that drug is correct in comparison with
alternative approaches to treatment. Over the past several decades, how-
ever, drug evaluations have not been sufficiently comprehensive. As a re-
sult, the balance of risk and benefit for a drug frequently is not known for
a given population. Such gaps in therapeutic knowledge often result in
devastating effects on clinical practice and patient health, as exemplified by
adverse events involving hormone replacement therapy, cyclooxygenase-2
(COX-2) inhibitors, and nonsteroidal anti-inflammatory drugs that resulted
in increased morbidity and mortality.

These issues are magnified in specific patient populations. For example,
the majority of prescriptions written for children are off label—not based
on empirical demonstration of safety and efficacy. Among those over age
80, the fastest-growing segment of the population, almost nothing is known
about the balance of risks and benefits. Patients with renal dysfunction are
another large and growing group for whom more comprehensive studies
are needed. And patients with multiple comorbidities are typically excluded
from premarketing clinical trials, yet many of the major problems with
drug toxicity have occurred in those taking multiple medications because of
multiple diseases. Thus the numbers and types of patients for whom clinical
outcomes are measured must be greatly increased to elucidate the proper
dosing of drugs in individuals and within subgroups.

Of critical concern is the need for transparency through the publication
of clinical studies in a national repository to advance medication safety,
error prevention, and public knowledge. Such a repository should include
postmarket studies. The goal of such studies is to generate new data about
a drug’s effects in the population; often, however, these studies place insuf-
ficient emphasis on safety information. There is a need for comprehensive
redesign and expansion of the mechanisms for undertaking clinical studies
to improve understanding of the risks and benefits of drug therapies, pre-
vent errors and ADEs, and meet the health needs of the population.

Communication of Drug Information

How information about a drug is communicated to providers and con-
sumers can directly affect the frequency of medication errors and ADEs (see
Box S-6). Drug information is communicated through labeling and packag-
ing, marketing practices, and advertisements. Poorly designed materials
and inadequate representation of the risks and benefits to providers and
consumers have led to many errors, including inappropriate prescribing;
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confusion among products, affecting dispensing and administration; and
compromised ability to monitor the effects of drugs adequately.

In particular, drug names that look or sound alike increase the risk of
medication errors. Abbreviations, acronyms, certain dose designations, and
other symbols used for labeling also have caused errors. Even the layout
and presentation of drug information on the drug container or package
label can be visually confusing, particularly if it is designed for marketing
rather than clinical purposes.

Unit-of-use packaging—containers that provide enough medication for
a particular period, such as blister packs containing 30 individually wrapped
doses—is not widely employed in the United States but is used extensively
elsewhere. This form of packaging brings important safety and usage ben-
efits. The committee believes the expanded implementation of unit-of-use
packaging in this country warrants further investigation.

Another issue related to medication safety is the common practice of
providers offering free samples of prescription drugs to patients to start them
on their medications quickly, to adjust prescribed doses before the full pre-
scription is filled, and to offset medication costs for indigent and underinsured
patients. However, there has been growing unease about the way free samples
are distributed. In particular, concern exists about the resulting lack of docu-
mentation of medication use and the bypassing of standard prescribing and
dispensing services, which incorporate drug-interaction checking and phar-
macy counseling services. There is a need for resarch on the impact of differ-
ing sample distribution methods on medication safety.

Recommendation 4: Enhancing the safety and quality of the
medication-use process and reducing errors requires improved
methods for labeling drug products and communicating medica-
tion information to providers and consumers. For such improve-

BOX S-6
Drug Naming, Labeling, and Packaging Problems

• Brand names and generic names that look or sound alike
• Different formulations of the same brand or generic drug
• Multiple abbreviations to represent the same concept
• Confusing word derivatives, abbreviations, and symbols
• Unclear dose concentration/strength designations
• Cluttered labeling—small fonts, poor typefaces, no background contrast,

overemphasis on company logos
• Inadequate prominence of warnings and reminders
• Lack of standardized terminology
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ments to occur, materials should be designed according to desig-
nated standards to meet the needs of the end user. Industry, AHRQ,
the FDA, and others as appropriate (e.g., U.S. Pharmacopeia, Insti-
tute for Safe Medication Practices) should work together to under-
take the following actions to address labeling, packaging, and the
distribution of free samples:

• The FDA should develop two guidance documents for indus-
try: one for drug naming and another for labeling and packaging.
The FDA and industry should collaborate to develop (1) a common
drug nomenclature that standardizes abbreviations, acronyms, and
terms to the extent possible, and (2) methods of applying failure
modes and effects analysis to labeling and packaging.

• Additional study of optimum designs for all drug labeling and
information sheets to reflect human and cognitive factors should be
undertaken. Methods for testing and measuring the effects of these
materials on providers and consumers should also be established,
including methods for field testing of the materials. The FDA, the
NLM, and industry should work with consumer and patient safety
organizations to improve the nomenclature used in consumer
materials.

• The FDA, the pharmaceutical industry, and other stakehold-
ers should collaborate to develop a strategy for expanding unit-of-
use packaging for consumers to new therapeutic areas. Studies
should be undertaken to evaluate different unit-of-use packaging
and design approaches that will best support various consumer
groups in their medication self-management.

• AHRQ should fund studies to evaluate the impact of free
samples on overall patient safety, provider prescribing practices,
and consumer behavior (e.g., adherence to the medication regi-
men), as well as alternative methods of distribution that can im-
prove safety, quality, and effectiveness.

Health Information Technology

Realization of the full benefits of many health information technologies
(such as decision-support systems, smart IV pumps, bar code administra-
tion systems, and pharmacy database systems) is hampered by the lack of
common data standards for system integration and well-designed interfaces
for end users.

Problems with data standards for drug information are threefold. First,
there is no complete, standardized set of terms, concepts, and codes to
represent drug information. Second, there is no standardized method for
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presenting safety alerts according to severity and/or clinical importance.
Instead, providers are sometimes inundated with too many alerts, which
can result in “alert fatigue.” Third, many systems lack intelligent mecha-
nisms for relating patient-specific data to allowable overrides, such as those
associated with a particular patient and drug allergy alert or duplicate
therapy request.

The ability of clinicians to use health information technologies success-
fully depends on how well the technologies have been designed at the level
of human-machine interaction (i.e., the user interface). Displaying informa-
tion in a cluttered, illogical, or confusing manner leads to decreased user
performance and satisfaction. Moreover, a poorly designed user interface
can contribute to medication errors. Addressing user interface issues re-
quires greater attention to the cognitive and social factors influencing clini-
cians in their daily workflow and interaction with technologies (van Bemmel
and Musen, 1997).

Recommendation 5: Industry and government should collaborate
to establish standards affecting drug-related health information
technologies. Specifically:

• The NLM should take the lead in developing a common drug
nomenclature for use in all clinical information technology sys-
tems, based on standards for the national health information infra-
structure.

• AHRQ should take the lead in organizing mechanisms for
safety alerts according to severity, frequency, and clinical impor-
tance to improve clinical value and acceptance.

• AHRQ should take the lead in developing intelligent prompt-
ing mechanisms specific to a patient’s unique characteristics and
needs; provider prescribing, ordering, and error patterns; and
evidence-based best-practice guidelines.

• AHRQ should take the lead in developing user interface de-
signs based on the principles of cognitive and human factors and
the context of the clinical environment.

• AHRQ should support additional research to determine speci-
fications for alert mechanisms and intelligent prompting, as well as
optimum designs for user interfaces.

Research on Medication Errors:
Incidence Rates, Costs, and Prevention Strategies

In reviewing the research literature, the committee concluded that large
gaps exist in our understanding of medication error incidence rates, costs,
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and prevention strategies. The committee believes the nation should invest
about $100 million annually in the research proposed below.

The primary focus of research on medication errors in the next decade
should be prevention strategies, recognizing that to plan an error prevention
study, it is essential to be able to measure the baseline rate of errors. Evidence
on the efficacy of prevention strategies for improving medication safety is
badly needed in a number of settings, including care transitions, ambulatory
care (particularly home care, self-care, and medication use in schools), pedi-
atric care, psychiatric care, and the use of OTC and complementary and
alternative medications. For hospitals, key areas are further investigation of
some prevention strategies (particularly bar coding and smart IV pumps) and
how to integrate electronic health records with computerized provider order
entry, clinical decision support, bar coding, and smart IV pumps.

Overall, most data on medication error incidence rates come from the
inpatient setting, but the magnitude of the problem is likely to be greater
outside the hospital. Areas of priority for research on medication error and
ADE incidence rates are care transitions, specialty ambulatory clinics, psy-
chiatric care, the administering of medications in schools, and the use of
OTC and complementary and alternative medications. Much more research
is needed as well on the patient’s role in the prevention of errors, specifi-
cally, what systems provide the most cost-effective support for safe and
effective medication self-management or for surrogate participation in medi-
cation use when a patient is unable to self-manage.

Most studies of the costs of medication errors relate to hospitals, and
some report data more than 10 years old (Bates et al., 1997). A better
understanding of the costs and consequences of medication errors in all
care settings is needed to help inform decisions about investing in medica-
tion error prevention strategies.

Recommendation 6: AHRQ should take the lead, working with
other government agencies such as CMS, the FDA, and the NLM,
in coordinating a broad research agenda on the safe and appropri-
ate use of medications across all care settings, and Congress should
allocate the funds necessary to carry out this agenda. This agenda
should encompass research methodologies, incidence rates by type
and severity, costs of medication errors, reporting systems, and in
particular, further testing of error prevention strategies.

OVERSIGHT, REGULATION, AND PAYMENT

Improving medication safety will require key changes in oversight, regu-
lation, and payment. Accordingly, the following recommendation is ad-
dressed to the stakeholders that shape the environment in which care is
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delivered, including legislators, regulators, accreditors, payers, and patient
safety organizations.3

Recommendation 7: Oversight and regulatory organizations and
payers should use legislation, regulation, accreditation, and pay-
ment mechanisms and the media to motivate the adoption of prac-
tices and technologies that can reduce medication errors, as well as
to ensure that professionals have the competencies required to de-
liver medications safely.

• Payers and purchasers should continue to motivate improve-
ment in the medication-use process through explicit financial
incentives.

• CMS should evaluate a variety of strategies for delivering
medication therapy management.

• Regulators, accreditors, and legislators should set minimum
functionality standards for error prevention technologies.

• States should enact legislation consistent with and comple-
mentary to the Medicare Modernization Act’s electronic prescrib-
ing provisions and remove existing barriers to such prescribing.

• All state boards of pharmacy should undertake quality im-
provement initiatives related to community pharmacy practice.

• Medication error reporting should be promoted more aggres-
sively by all stakeholders (with a single national taxonomy used for
data storage and analysis).

• Accreditation bodies responsible for the oversight of profes-
sional education should require more training in improving medi-
cation management practices and clinical pharmacology.

MOVING FORWARD

The American people expect safe medication care. In this report, the
committee proposes an ambitious agenda for making the use of medica-
tions safer. This agenda requires that all stakeholders—patients, care pro-
viders, payers, industry, and government, working together—commit to
preventing medication errors. Given that a large proportion of injurious
drug events are preventable, this proposed agenda should deliver early and
measurable benefits.

3Patient safety organizations are regulated through the Patient Safety and Quality Improve-
ment Act of 2005 (P.L. 109-41). Broadly, they are organizations separate from health care
providers that collect, manage, and analyze patient safety data, and advocate safety improve-
ments on the basis of analysis of the patient safety data they receive.
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1

Introduction

The Institute of Medicine (IOM) report To Err Is Human: Building a
Safer Health System (IOM, 2000) identified medication errors as the most
common type of error in health care and attributed several thousand deaths
to medication-related events. The report had an immediate impact. In re-
sponse, Congress apportioned $50 million in fiscal year 2001 for a major
federal initiative to improve patient safety research and directed the Agency
for Healthcare Research and Quality (AHRQ) to establish a Center for
Quality Improvement and Patient Safety. The American people also took
notice: 51 percent of respondents to a national survey conducted in late
1999 reported closely following the media coverage on the report (Kaiser
Family Foundation, 1999).1 The report’s impact has continued. Five years
after its release, two members of the committee that produced the report
(Leape and Berwick, 2005) reflected that it had led to:

• Broader acceptance within the health care community that prevent-
able medical errors are a serious problem.

• A number of important stakeholders (for example, the federal gov-
ernment, the Veterans Health Administration, and the Joint Commission
on Accreditation of Healthcare Organizations [JCAHO]) taking up the
challenge to improve patient safety.

• Accelerated implementation of safe health care practices. For ex-
ample, JCAHO in 2003 required hospitals to implement a number of
evidenced-based safe-care practices, and the Institute for Healthcare Im-

1The IOM report was released in 1999, prior to the survey, and formally published in 2000.
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provement undertook its 100,000 Lives Campaign, aimed at fostering the
use of safe practices.

Likewise, an article in Health Affairs reviewing the impact of To Err Is
Human (Wachter, 2004) noted that the report had led to improved patient
safety processes through stronger regulation (for example, expanded pa-
tient safety regulation by JCAHO). The article also pointed to the acceler-
ated implementation of clinical information systems that can help reduce
medication errors. In addition, progress had been made on workforce
issues, particularly in hospitals through the emergence of hospitalists—
physicians who coordinate the care of hospitalized patients. Overall, how-
ever, the review suggested that much more needed to be done. Examples
cited were the limited impact of error reporting systems and scant progress
in improving accountability.

The key messages of To Err Is Human were that there are serious prob-
lems with the quality of health care delivery; that these problems stem prima-
rily from poor health care delivery systems, not incompetent individuals; and
that solving these problems will require fundamental changes in the way care
is delivered. A subsequent IOM report, Crossing the Quality Chasm: A New
Health System for the 21st Century (IOM, 2001), took up the challenge of
suggesting how the health care delivery system should be redesigned. It iden-
tified six aims for quality improvement: health care should be safe, effective,
patient-centered, timely, efficient, and equitable (IOM, 2001).

The Quality Chasm report and the later IOM report, Patient Safety:
Achieving a New Standard for Care (IOM, 2004), also emphasized the need
for an information infrastructure to support the delivery of quality health
care. The latter report called specifically for a national health information
infrastructure to provide real-time access to complete patient information
and decision-support tools for clinicians and their patients, to capture pa-
tient safety information as a by-product of care, and to make it possible to
use this information to design even safer delivery systems (IOM, 2004).

To Err Is Human focused on injuries arising as a direct consequence of
treatment, that is, errors of commission, such as prescribing a medication
that has harmful interactions with another medication the patient is taking.
Patient Safety focused not only on those errors, but also errors of omission,
such as failing to prescribe a medication from which the patient would
likely have benefited. Box 1-1 portrays in stark terms an example of the
failure of the care delivery system to catch and mitigate a medication error
and the tragic outcome that resulted.

MEDICATION ERRORS: THE MAGNITUDE OF THE CHALLENGE

Regardless of whether one considers errors of commission or omission,
error rates for various steps in the medication-use process, adverse drug
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BOX 1-1
The Betsy Lehman Case

Betsy Lehman, a 39-year-old wife and mother of two and health reporter for
the Boston Globe, was diagnosed with breast cancer in September 1993. She
was admitted to the Dana-Farber Cancer Institute in Boston on November 14,
1994, for her third round of cyclophosphamide, a toxic chemotherapy agent.
Betsy was participating in a dose-escalating phase 1 clinical trial in which higher-
than-normal doses of the drug were being administered to wipe out cancer cells.
She was undergoing a bone marrow transplant to restore immune and blood-
forming cells.

Betsy received the wrong dose of cyclophosphamide. The correct dose was
1,000 milligrams (mg) per square meter (m2) of body surface area, given each day
for a total of 4 days (or, for her height and weight, a total of 4,000 mg/m2 or 6,520
mg infused over the 4-day course of therapy). But after reading the trial protocol, a
physician fellow wrote the order as “4,000 mg/m2 × 4 days.” The erroneous dosing
went unrecognized, and Betsy died as a result of the overdose on December 3,
1993. The error was not discovered until 10 weeks later, when her treatment data
were entered into the computer for the clinical trial (Bohmer, 2003; Bohmer and
Winslow, 1999).

Experts at the hospital, as well as outside consultants, recognized that many
factors contributed to this tragedy (Conway and Weingart, 2005). System issues
included minimal double-checks, orders written by fellows without attending MD
signoff, and unclear protocols that were not current and not easily available to
RNs and pharmacists. Some dosages were written in total dose and some in
daily dose formats, often in the same protocol. Maximum dose checking was not
a feature of the pharmacy computer system. Both the patient and her family had
felt that Betsy was not being listened to and mechanisms for reporting issues
were not clear. When reporting did occur, it did not move up the organization in
a timely fashion.

Today, the hospital has a strong culture of safety and engages interdisciplinary
groups of front-line clinicians in the design and implementation of chemotherapy
protocols. There is an understanding that safe cancer care requires an extraordi-
narily high level of communication, coordination, and vigilance, with a strong focus
on being aware of and acting on the incidence of errors (Gandhi et al., 2005).
Authority to prescribe cancer chemotherapy is reserved for attending staff, and
dosages must be expressed only in terms of daily dose. Computer system warn-
ings prevent physicians from placing drug orders that exceed the safe maximum,
and the computerized provider order entry system is extensively supported by
online protocols and templates. Alerts such as a red “WARNING: HIGH CHEMO-
THERAPY DOSE” appear on the screen. To override the computer and exceed
current guidelines, doctors must show the pharmacist new scientific results that
prove a higher dose may be safe and effective. Much has been done to encourage
independent checks of prescribed doses by nurses and pharmacists, and staff
have been explicitly authorized to question openly any presumed dosing error.
The organization describes the key lessons learned in the 10 years since Betsy’s
overdose as the importance of the engagement of governance and leadership,
vigilance by all every day, support for victims of errors, system support for safe
practice, interdisciplinary practice, and patient- and family-centered care (Conway
and Weingart, 2005; Conway et al., 2006).
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event rates in various care settings, or estimates of the economic impact of
drug-related morbidity and mortality, it is clear that medication safety
represents a serious cause of concern for both health care providers and
patients. Data from a variety of settings demonstrate that medication errors
are common, although the frequency reported depends on the identification
technique used and the definition of error employed.

A 1999 study in 36 hospitals and skilled nursing facilities found a 10
percent medication administration error rate (excluding wrong-time errors)
(Barker et al., 2002). In observational studies of hospital outpatient phar-
macies, prescription dispensing error rates of 0.2 to 10 percent have been
found (Flynn et al., 2003). And in a national observational study of the
accuracy of prescription dispensing in community pharmacies, the error
rate was 1.7 percent—equivalent to about 50 million errors during the
filling of 3 billion prescriptions each year in the United States (Flynn et al.,
2003).

The mortality projections documented in To Err Is Human were de-
rived from adverse event data collected in a New York State study (Brennan
et al., 1991; Leape et al., 1991) and a Colorado/Utah study (Thomas et al.,
2000). In these two studies, medication-related adverse events were found
to be the most common type of adverse event—representing 19 percent of
all such events. In a variety of studies, moreover, researchers have found
even higher rates of inpatient adverse drug events than were observed in the
New York State and Colorado/Utah studies (Classen et al., 1991; Bates et
al., 1995b) using less restrictive definitions of adverse drug events and more
rigorous detection methods. More recently, major studies have shown that
many adverse drug events occur in the period after discharge from the
hospital (Forster et al., 2003), in nursing homes (Gurwitz et al., 2000,
2005), and in ambulatory care settings (Gandhi et al., 2003; Gurwitz et al.,
2003).

In a major recent study, moreover, researchers found high levels of
errors of omission in the U.S. health care system across a wide range of
measures. The chance of receiving high-quality care was only about 55
percent (McGlynn et al., 2003).

Nearly 10 years ago, researchers estimated that the annual cost of drug-
related illness and death in the ambulatory care setting in the United States
was approximately $76.6 billion (Johnson and Bootman, 1997). Using the
same approach, this cost was estimated to be $177.4 billion in 2000 (Ernst
and Grizzle, 2001).

MEASURES TO IMPROVE MEDICATION SAFETY

Efforts to improve medication safety are made at all levels of the health
care system: by helping the patient avoid medication errors; by organizing
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health care units so that care is delivered safely; by creating health care
organizations (collections of health care delivery units) that foster safe care,
for example, through training for health care workers; and by encouraging
health care organizations to deliver safe care by such means as regulatory
and fiscal measures. Many of these efforts are long-standing and predate To
Err Is Human. Key examples of such efforts are described below.

Helping the Patient Avoid Medication Errors

Since the early 1980s, the People’s Medical Society has developed guide-
lines to help consumers avoid medication errors in hospitals and at commu-
nity and mail-order pharmacies (Personal communication, Charles Inlander,
March 25, 2005). Medication errors can also take place in the home, and in
June 2004, the National Consumers League, jointly with the Food and
Drug Administration (FDA), launched Take with Care, a public education
campaign addressing the need to be careful when taking over-the-counter
(OTC) pain relievers (National Consumers League, 2004).

Organizing Health Care Units to Deliver Care Safely

For more than a decade, many organizations have provided guidance
on safe medication practices for health care delivery units. Since 1994 the
Institute for Safe Medication Practices has provided guidance on eliminat-
ing medication errors through newsletters, journal articles, and communi-
cations with health care professionals and regulatory authorities. In 1996
the National Coordinating Council for Medication Error Reduction and
Prevention began publishing a series of recommendations on strategies for
reducing medication errors (NCCMERP, 2005). Professional organizations
have also offered guidance on medication safety. For example, the Ameri-
can Society of Health-System Pharmacists has provided guidance on safe
pharmacy practices in hospitals and integrated health systems. Recently,
the American Academy of Pediatrics published guidelines on the prevention
of medication errors in the pediatric inpatient setting (Stucky et al., 2003).

Following the publication of To Err Is Human, AHRQ funded studies
to evaluate best practices. The agency commissioned the Evidence-Based
Practice Center of the University of California, San Francisco–Stanford
University to evaluate the evidence supporting a long list of proposed safe
practices, including many related to medication (Shojania et al., 2001).

In 2003, the National Quality Forum (NQF) identified 30 practices
that should be adopted in applicable care settings, including implementing
a computerized prescriber order entry system (safe practice 12) (NQF,
2003). In addition, JCAHO has been active in fostering patient safety for
many years. In 1995 it implemented a Sentinel Event Policy that encourages
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the voluntary reporting of serious adverse events and requires the perfor-
mance of root-cause analyses for such events. Beginning in 1998, JCAHO
disseminated patient safety solutions via Sentinel Event Alerts, based on
analyses of reported sentinel events. Since 2003, JCAHO has set annual
National Patient Safety Goals (JCAHO, 2006). Many of these goals relate
to medications; an example is goal 13: Encourage the active involvement of
patients and their families in the patients’ care as a patient safety strategy.

In parallel with the development of guidance on the delivery of safe
care, emerging technologies have been developed to improve safety. These
include electronic prescribing that automates the medication ordering pro-
cess; clinical decision-support systems (usually combined with electronic
prescribing systems), which may include suggestions or default values for
drug doses and checks for drug allergies, drug laboratory values, and drug–
drug interactions; automated dispensing systems that dispense medications
electronically in a controlled fashion and track medication use; bar coding
for positive identification of patients, prescriptions, and medications; and
computerized adverse drug event monitors that search patient databases for
data that may indicate the occurrence of such an event.

Creating Health Care Organizations That Foster Safe Care

The full benefits of technologies for preventing medication errors will
not be achieved unless a culture of safety is created within health care
organizations that are adequately staffed with professionals whose knowl-
edge, skills, and ethics make them capable of overseeing the medication
management of patients who are vulnerable and unable to manage their
medications knowledgeably themselves (IOM, 2004). Indeed, the first safe
practice in the NQF report Safe Practices for Better Healthcare is the cre-
ation of a culture of safety (NQF, 2003). The IOM’s (2004) Patient Safety
report outlined the elements of a culture of safety: a shared understanding
that health care is a high-risk undertaking, recruitment and training with
patient safety in mind, an organizational commitment to detecting and
analyzing patient injuries and near misses, open communication regarding
patient injury results, and the establishment of a just culture seeking to
balance the need to learn from mistakes and the need to take disciplinary
action (IOM, 2004).

Two of NQF’s safe practices relate to the need for adequate resources.
Safe practice 3 calls for use of an explicit protocol to ensure an adequate
level of nursing based on the institution’s usual patient mix and the experi-
ence and training of its nursing staff. Safe practice 5 calls for pharmacists to
participate actively in the medication-use process, including, at a minimum,
being available for consultation with prescribers on medication ordering,
interpretation and review of medication orders, preparation of medica-
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tions, dispensing of medications, and administration and monitoring of
medications.

Establishing an Environment That Enables Health Care
Organizations to Deliver Safe Care

Many important systems, including accreditation, information technol-
ogy, education, and knowledge generation, foster safe medication use. Im-
portant developments have occurred in each of these areas since the release
of To Err Is Human. The medication-related National Patient Safety Goals
and associated requirements established by JCAHO are an example in the
area of accreditation. With regard to information technology, several IOM
reports have stressed the need for an information infrastructure to support
the delivery of quality health care. A key element of this infrastructure is the
development and implementation of national health care data standards. In
May 2004, Secretary of Health and Human Services Thompson announced
15 health care data standards for use across the federal health care sector,
building on an initial set of 5 standards adopted in March 2003 (DHHS,
2004). In 2003 the Accreditation Council on Graduate Medical Education
promulgated new residency training work-hour limitations (ACGME,
2003), drawing on published research on the relationship between fatigue
and errors. And in response to To Err Is Human, Congress apportioned
$50 million to support patient safety research; in early 2005, AHRQ pub-
lished the results of this research (AHRQ, 2005).

STUDY CONTEXT2

Attempts to improve medication safety must be considered against the
background of a number of important contextual issues. First, it is essential
to recognize the ubiquitous nature of the use of prescription and OTC drugs
and of complementary and alternative medications in the United States. In
the 2004 Slone Survey (Slone, 2005), 82 percent of adults reported taking at
least one medication (prescription or OTC drug, vitamin/mineral, or herbal
supplement) during the week preceding the interview, and 30 percent re-
ported taking at least five medications. The three most commonly used drugs
were all OTC—acetaminophen (used by 20 percent of the adult population
in the week prior to the interview), aspirin, and ibuprofen. In 2003, 3.4
billion prescriptions were purchased in the United States; on average there
were 11.8 prescriptions per person (Kaiser Family Foundation, 2004). Fifty-

2The discussion here, as well as elsewhere in the report, draws on a paper commissioned by
the committee: “Trends in Medication Use: Implications for Medication Errors,” by Brent
Petty, MD, The Johns Hopkins Hospital.
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five percent of the adults interviewed in the 2004 Slone Survey reported
taking at least one prescription drug in the week prior to the interview, and
11 percent reported taking five or more such drugs (Slone, 2005). In the same
survey, 42 percent of the adults surveyed reported taking vitamins and 19
percent herbal or other natural supplements.

Another key contextual issue is ongoing cost containment efforts. In
recent years, these efforts have failed to limit increases in health care costs
to the general inflation rate or less. National health spending in 2003 was
$1.679 trillion, an increase of 7.7 percent over the previous year (Smith et
al., 2005). This growth rate is not much below that for the previous year; in
2002 national health spending increased 9.3 percent over that in 2001
(Levit et al., 2004). U.S. prescription drug sales have been rising more
rapidly yet. IMS Health Inc., a leading provider of information and consult-
ing services to the pharmaceutical and health care industries, reported that
prescription drug sales in the United States grew 8.3 percent to $235 billion
in 2004, compared with $217 billion the previous year (IMS, 2005). This
increase followed an 11.5 percent growth in 2003 over 2002 and an 11.8
percent growth in 2002 over 2001 (IMS, 2003, 2004). One critical implica-
tion of these figures relevant to this study is that efforts to control health
care costs at the federal and state levels and within health care organiza-
tions mean that any new investments, including investments in medication
safety, will need to be thoroughly justified.

Efforts to contain health care costs have had limited success because of
a number of important cost drivers (IFoM, 2003). Innovative new pharma-
ceuticals are displacing older agents, which are usually cheaper because
they are off patent. An aging population is leading to higher consumption
of health care in general and pharmaceuticals in particular. A more de-
manding patient population is less accepting of restrictions on health care
use for cost containment reasons. And a broader definition of treatable
disease is increasing the demand for health care. Implementation of the
Medicare prescription drug benefit is also likely to increase the demand for
pharmaceuticals. The Administration’s Financial Year Budget projected that
the net federal cost of the Medicare prescription drug benefit would be
$37.4 billion in 2006, rising to $109.2 billion in 2015 (Kaiser Family
Foundation, 2005).

The FDA is a key player in ensuring the safety of medications, both
prescription and nonprescription. The FDA approves a drug for sale in the
United States after determining that its clinical benefits outweigh its poten-
tial risks. After a drug has been approved, the FDA continues to assess its
benefits and risks, primarily on the basis of reports made to the agency on
the effects of its use. In 2004, withdrawal of the drug rofecoxib (Vioxx) by
Merck & Co. Inc. for safety reasons increased public concern about the
procedures used for assessing drug safety. In response to this concern, the
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FDA requested that the IOM convene an ad hoc committee of experts (the
IOM Committee on Assessment of the U.S. Drug Safety System) to conduct
an independent assessment of the current system for evaluating and ensur-
ing drug safety postmarketing.

Implementation of the Medication Modernization Act of 2003 (P.L.
108-173) will make the Centers for Medicare and Medicaid Services (CMS)
the largest purchaser of prescription drugs in the United States and a major
player in the way prescription medications are used. The next few years will
be a pivotal period as CMS decides how it will administer the prescription
drug benefit. There will be opportunities for introducing into the drug
benefit rules safety guidelines for both prescribing and dispensing, and to
use pay-for-performance incentives to enhance adoption of whatever guide-
lines are proposed. Further, there will be opportunities for medication safety
research arising from the data CMS will collect as part of the drug benefit
(CMS, 2005).

CMS will also become an important driver of electronic prescribing
standards, whose development and implementation are called for by the
Medication Modernization Act. The Medicare Prescription Drug Benefit fi-
nal rule (42 Code of Federal Regulations Parts 400, 403, 411, 417 and 423)
requires that Part D sponsors (e.g., participating Prescription Drug Plans and
Medicare Advantage Organizations) support and comply with such stan-
dards once they are in effect. The final rule does not require providers to
write prescriptions electronically; if prescribers send prescription information
electronically, however, they will have to use the standards.

STUDY CHARGE AND APPROACH

In this context, at the urging of the Senate Finance Committee, the
United States Congress, through the Medicare Modernization Act of 2003
(Section 107(c)), mandated that CMS sponsor a study by the IOM to ad-
dress the problem of medication errors. The IOM convened the Committee
on Identifying and Preventing Medication Errors to conduct this study,
with the following charge:

• To develop a fuller understanding of drug safety and quality issues
through the conduct of an evidence-based review of the literature, case
studies and analysis. This review will consider the nature and causes of
medication errors; their impact on patients; and the differences in causa-
tion, impact and prevention across multiple dimensions of health care deliv-
ery including patient populations, care settings, clinicians, and institutional
cultures.

• If possible, to develop estimates of the incidence, severity and costs
of medication errors that can be useful in prioritizing resources for na-
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tional quality improvement efforts and influencing national health care
policy.

• To evaluate alternative approaches to reducing medication errors in
terms of their efficacy, cost-effectiveness, appropriateness in different set-
tings and circumstances, feasiblity, institutional barriers to implementation,
associated risk, and quality of evidence supporting the approach.

• To provide guidance to consumers, providers, payers, and other key
stakeholders on high-priority strategies to achieve both short-term and
long-term drug safety goals, to elucidate the goals and expected results of
such initiatives and support the business case for them, and to identify
critical success factors and key levers for achieving success.

• To assess opportunities and key impediments to broad nationwide
implementation of medication error reductions, and to provide guidance to
policy-makers and government agencies in promoting a national agenda for
medication error reduction.

• To develop an applied research agenda to evaluate the health and
cost impacts of alternative interventions, and to assess collaborative public
and private strategies for implementing the research agenda through AHRQ
and other government agencies.

The committee comprised 17 members representing a range of exper-
tise related to the scope of the study, as described below (see Appendix A
for biographical sketches of the committee members). The committee ad-
dressed its charge by reviewing the salient research literature, government
reports and data, empirical evidence, and additional materials provided by
government officials and others. In addition, a workshop was held to aug-
ment the committee’s knowledge and expertise through more focused dis-
cussion of specific issues of concern, and to obtain input from a wide range
of researchers, providers of health care services, and interested members of
the public. The committee also commissioned several background papers to
avail itself of expert, detailed, and independent analyses of some of the key
issues beyond the time and resources of its members.

SCOPE OF THE STUDY

CMS determined that this study should focus on issues related to the
safe, effective, appropriate, and efficient use of medications. As men-
tioned above, a parallel IOM committee, the Drug Safety Committee, was
tasked with assessing the postmarketing surveillance system for medica-
tions. There is some overlap between the present study and the work of
that committee. The two committees and their staffs have worked to-
gether closely to define common areas in the two studies and develop
consistent sets of recommendations.
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Definitions

Drugs and Dietary Supplements

This study addressed the quality of the five steps in the medication-use
process: selecting and procuring by the pharmacy, selecting and prescribing
for the patient, preparing and dispensing, administering, and monitoring
effects on the patient. The study examined medication use in a wide range
of care settings—hospital, long-term, and community. The term medication
encompasses three broad categories of products—prescription and nonpre-
scription drugs and dietary supplements—all regulated by the FDA (see
Chapter 2).

According to the FDA (2004), a drug is defined as a substance that is
recognized by an official pharmacopeia or formulary; intended for use in
the diagnosis, cure, mitigation, treatment, or prevention of disease; in-
tended to affect the structure or any function of the body (excluding food);
and intended for use as a component of a medicine, but not a device or a
component, part, or accessory of a device.

Biologic products (including vaccines, blood, and blood products) are a
subset of drug products. Biologics are distinguished from other drugs by
their manufacturing process—biological as opposed to chemical. Some
biologics, principally vaccines (excluding their long-term effects), are within
the scope of this study; blood and blood products and tissues for transplan-
tation are excluded.

Drugs include both those that require a prescription and those that do
not. Nonprescription drugs are usually termed over-the-counter (OTC). The
characteristics of OTC drugs are such that the potential for misuse and abuse
is low, consumers are able to use them successfully for self-diagnosable con-
ditions, they can be adequately labeled for ease and accuracy of use, and
oversight by health practitioners is not needed to ensure safe and effective use
(FDA, 2005).

Dietary supplements, often called complementary and alternative medi-
cations, are another group of products often used for medicinal or general
health purposes. The Dietary Supplement Health and Education Act of
1994 (P.L. 103-147) defined a dietary supplement as a product (other than
tobacco) intended to supplement the diet that bears or contains one or more
of the following dietary ingredients: a vitamin; a mineral; an herb or other
botanical; an amino acid; a dietary substance for use by man to supplement
the diet by increasing the dietary intake; or a concentrate, metabolite, con-
stituent, extract, or combination of any ingredient cited above. While the
primary emphasis of the study was on prescription and OTC drugs, atten-
tion was given to dietary supplements as well, and the discussion of drugs
often applies also to the latter products.
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Medication Error, Adverse Drug Event, and Adverse Drug Reaction

The terms medication error, adverse drug event, and adverse drug reaction
denote related concepts (see Figure 1-1) and are often used incorrectly. To Err
Is Human (IOM, 2000, p. 28) defined error and adverse event as follows:

An error is defined as the failure of a planned action to be completed as
intended (i.e., error of execution), or the use of a wrong plan to achieve an
aim (i.e., error of planning).

An adverse event is an injury caused by medical management rather than
the underlying condition of the patient.

The Committee on Data Standards for Patient Safety was concerned
that the phrase medical management did not embrace acts of omission. The
committee gave considerable thought to expanding on these two definitions
and produced the following (IOM, 2004, p. 30, 32):

An error is defined as the failure of a planned action to be completed as
intended (i.e., error of execution), or the use of a wrong plan to achieve an
aim (i.e., error of planning). An error may be an act of commission or an
act of omission.

An adverse event results in unintended harm to the patient by an act of
commission or omission rather than by the underlying disease or condi-
tion of the patient.

FIGURE 1-1 Relationship among medication errors, adverse drug events, and po-
tential adverse drug events.
SOURCE: Gandhi et al., 2000.
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The Committee on Data Standards for Patient Safety wanted to make
clear that the potentially avoidable results of an underlying disease or con-
dition—for example, a recurrent myocardial infarction in a patient without
a contraindication who was not given a beta-blocker (an error of omis-
sion)—should be considered an adverse event (IOM, 2004). The Commit-
tee on Identifying and Preventing Medication Errors discussed the adverse
event definition given in the Patient Safety report and decided to adopt this
definition. Further attempts to operationalize the definition of adverse event
may well lead eventually to additional modifications of the definition.

Consistent with the above definitions:

A medication error is defined as any error occurring in the medication use
process (Bates et al., 1995a).

An adverse drug event is defined as any injury due to medication (Bates et
al., 1995b).

An injury includes physical harm (for example, rash), mental harm (for
example, confusion), or loss of function (for example, inability to drive a
car).

Medication errors and adverse drug events have multiple sources. They
may be related to professional practice; health care products, procedures,
and systems, including prescribing; order communication; product labeling,
packaging, and nomenclature; compounding; dispensing; distribution; ad-
ministration; education of the patient or health care professional; and moni-
toring of use.

Implicit in the definition of medication errors is that they are prevent-
able. However, most medication errors do not cause harm. Some do cause
harm and are either potential adverse drug events or preventable adverse
drug events (see Figure 1-1), depending on whether an injury occurred
(Gandhi et al., 2000). Potential adverse drug events are events in which an
error occurred but did not cause injury (for example, the error was detected
before the patient was affected, or the patient received a wrong dose but
experienced no harm) (Gandhi et al., 2000).

Adverse drug events can be preventable (for example, a wrong dose leads
to injury) or nonpreventable (for example, an allergic reaction occurs in a
patient not known to be allergic) (see Figure 1-1). Nonpreventable adverse
drug events are also often termed adverse drug reactions3 (Gandhi et al., 2000).

3The field of pharmacoepidemiology defines the terms adverse drug event and adverse drug
reaction differently (Strom, 2005). An adverse drug event (or adverse drug experience) is an
untoward outcome that occurs during or following clinical use of a drug, whether preventable or
not. An adverse drug reaction is an adverse drug event that is judged to be caused by the drug.
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The World Health Organization has defined an adverse drug reaction
as a response to a drug that is noxious and unintended and occurs at doses
normally used in man for prophylaxis, diagnosis, or therapy of disease or
modification of physiological function (WHO, 1975). This definition ex-
cludes injuries due to drugs that are caused by errors, which are of obvious
interest. As a result, drug safety researchers coined the term adverse drug
event to include both adverse drug reactions (which are nonpreventable),
and preventable adverse drug events (Bates et al., 1995b). From the safety
perspective, preventable adverse drug events are most important because
they are known to be preventable today; adverse drug reactions are also
important, however, since it may become possible to prevent them in the
future by using new approaches, such as pharmacogenomic profiling.

Audiences for the Report

The committee sought to assess the roles of and make recommendations
for all of the major stakeholders involved in the safe use of medications:

• First and foremost, the consumer4 or patient who uses a medication,
as well as family members, friends, and neighbors who may be involved in
assisting the patient.

• Individual health care providers—physicians, nurses, and pharmacists.
• The organizations responsible for delivering care, for example, hos-

pitals, nursing homes, ambulatory clinics, pharmacies, and pharmacy ben-
efit managers.

• Those responsible for salient policy (Congress and state legislators),
payment (CMS and commercial insurers), regulation (for example, the FDA
and state regulatory bodies), accreditation (for example, JCAHO), and
professional education (for example, schools of nursing).

• Manufacturers of medications and the systems used in medication
delivery (for example, intravenous pumps and health information technol-
ogy systems) and providers of value-added services (for example, tools that
indicate harmful drug–drug interactions).

In carrying out the study, the committee took the view that the goal of
all these stakeholders with regard to medication use should be to optimize
the relationship between the patient and the health care provider(s) so as to
meet the six aims set forth in the Quality Chasm report (care should be safe,
effective, timely, patient-centered, equitable, and efficient) (IOM, 2001). In

4In this report, the term consumers is often used in referring to patients to emphasize the
active role individuals need to take in ensuring the quality of the health care services they are
purchasing.
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general, the health care system should enable the flow of all information
needed to choose medications that optimize health to the extent possible in
accordance with the preferences of the patient. In addition, all health care
stakeholders should attempt to produce information on and inform pa-
tients and providers about the balance between effectiveness and safety,
rather than addressing either in isolation. Effectiveness (tangible benefits—
those that can be felt by the patient—in the actual setting in which the
medication is used) rather than efficacy (benefit based on ideal circum-
stances of use) is the appropriate measure for the purpose of informing
patients and providers. Further, all stakeholders should strive to produce a
system in which the transactions that ensue following a decision about
using a medication at a particular dose and time are free of errors.

REPORT OVERVIEW

Part I of this report addresses the causes, incidence, and costs of medi-
cation errors. By way of background, it begins with a case study illustrating
how medication errors can arise through a combination of organizational
and individual failures. Chapter 2 provides an overview of the system for
drug development, regulation, distribution, and use, identifying the many
points at which errors can occur. Chapter 3 summarizes the peer-reviewed
literature on the incidence and costs of medication errors.

Part II of the report outlines the steps needed to establish a patient-
centered, integrated medication-use system. It provides action agendas for
achieving both short- and long-term improvements in medication safety for
patients/consumers to support provider–consumer partnerships (Chapter 4),
for health care organizations (Chapter 5), and for the industry that pro-
vides medications and medication-related products and services (Chap-
ter 6). In Chapter 7, the committee outlines an applied research agenda
designed to foster safe medication use. Finally, Chapter 8 proposes action
agendas for those who set the environment in which care is delivered (for
example, legislators, payers, and regulators). Appendix B provides a glos-
sary and acronym list for the report, while Appendices C and D present
detailed discussion of medication incidence rates and prevention strategies,
respectively.
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Part I

Understanding the Causes and
Costs of Medication Errors

Numerous factors in the health care system contribute to medication
safety and errors. Some of these factors can be attributed directly to pro-
vider organizations, while others can be attributed to the medication-use
system itself. In many cases, multiple factors are involved. The following
case study, discussed in Hospital Pharmacy (Smetzer and Cohen, 1998),
illustrates the complexity of the health care system and the medication-use
process and the interrelatedness of the factors involved in medication safety
and quality.

In 1996, a Denver hospital acknowledged that a medication error had
led to the death of a day-old infant, born to a mother with a prior history of
syphilis. Because the infant’s parents spoke only Spanish, communication
was difficult, and treatment of the disease could not be verified easily.
Despite incomplete information about the mother’s past treatment for syphi-
lis and the current status of both mother and child, a decision was made to
treat the infant for congenital syphilis. After telephone consultation with
infectious disease specialists and the health department, an order was writ-
ten for one dose of “Benzathine penicillin G 150,000U IM.”

The hospital physicians, nurses, and pharmacists, unfamiliar with the
treatment of congenital syphilis, had limited knowledge about this drug.
The pharmacist filling the order consulted both the infant’s progress notes
(where a nurse practitioner had documented a recommendation from the
health department) and a drug reference book to determine the usual dose
of penicillin G benzathine for an infant. However, the pharmacist misread
the dose in both sources as 500,000 units/kilogram (kg), a typical adult
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dose, instead of 50,000 units/kg. Consequently, she misread the order as
1,500,000 units, especially since the “U” for units appeared to add a zero to
the dose. She prepared the order accordingly—a 10-fold overdose. Because
there was no consistent pharmacy procedure for independent double-
checking, the error was not detected. A pharmacy label on the bag that was
dispensed indicated that 2.5 milliliters (ml) of medication was to be admin-
istered IM (intramuscularly) to equal a dose of 1,500,000 units.

After glancing at the medication sent from the pharmacy, one of the
nurses expressed concern to her colleagues about the number of injections
required to give the infant the medication. Normally, because a baby’s muscles
are so tiny, a maximum of 0.5 ml per injection is allowed in infants. The
labeled dose would require five injections. Wishing to prevent any unneces-
sary pain to the infant, two of the nurses decided to investigate the possibility
of administering the medication IV (intravenously) instead of IM. They
checked with a popular medication reference book to determine whether
penicillin G benzathine could be administered IV. However, the reference did
not mention penicillin G benzathine specifically; instead, it referred to aque-
ous crystalline penicillin G IV slow push or penicillin G procaine IM. No-
where in the two-page text in the reference book was penicillin G benzathine
mentioned, nor were there any specific warnings regarding “IM use only” for
penicillin G procaine and penicillin G benzathine.

Unfamiliar with the various forms of penicillin G, the nurse practitio-
ner believed that “benzathine” was a brand name for penicillin G. This
misconception was reinforced by the fact that the physician had written the
order with benzathine capitalized and placed on a line above “penicillin G”
rather than after it on the same line. In addition, many texts use ambiguous
synonyms when referring to various forms of penicillin. For example, peni-
cillin G benzathine is frequently associated with the terms “crystalline peni-
cillin” and “aqueous suspension” in texts. Believing that aqueous crystal-
line penicillin G and penicillin G benzathine were the same drug, the nurse
practitioner concluded that the drug could be safely administered IV. The
nurses knew that, while having been taught that only clear liquids can be
injected IV, certain milky-looking substances, such as lipid-based drug prod-
ucts, can be given IV. Therefore, they did not recognize the problem with
giving penicillin G benzathine, a milky-white substance, IV.

While hospital policies and practices gave prescribing authority to nurse
practitioners, they did not clearly define such authority in terms of the
ability to change prescription orders. However, the neonatal nurse practi-
tioner assumed that she was operating under a national protocol that al-
lows neonatal nurse practitioners to plan, direct, implement, and change
drug therapy. Consequently, the nurse practitioner, not wanting to cause
pain to the infant with the large IM injection dose, made the decision to
administer the drug IV.
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While preparing for drug administration, neither of the nurses noticed
the 10-fold overdose or the manufacturer’s label on the syringe “IM use
only.” They had no idea that IV administration would be lethal because the
drug is insoluble and obstructs blood flow in the lungs required for the
transfer of oxygen from the baby’s airways. The manufacturer’s warning is
very difficult to see because it is not prominently placed; it can be viewed
only if the syringe is rotated 180 degrees away from the drug name. The
nurses began to administer the first syringe of Permapen slow IV push.
After about 1.8 ml had been administered, the infant became unresponsive,
and resuscitation efforts were unsuccessful. Later, upon autopsy, it was
confirmed that the baby had not had congenital syphilis, and therefore
never needed treatment.

The three nurses involved in this medication error were later indicted
by a grand jury for negligent homicide. Two of the nurses agreed to legal
sanctions before the trial, but a third pled not guilty, and a trial ensued.
Expert testimony presented during the trial served as convincing evidence
that, while the nurse and her colleagues had played a part in the tragedy,
more than 50 latent1 and active failures had occurred throughout the
medication-use process (see Table I-1), most of which, such as the poor
syringe labeling, the pharmacist’s mistake, and the confusing drug infor-
mation, had not been under the control of the nurses. It was these failures
that had set the stage for the nurses’ tragic mistakes. The experts advised
against the tendency to focus on the errors of the providers. Had even one
of these failures not occurred, either the accident would not have hap-
pened, or the error would have been detected and corrected before reach-
ing the infant. Since most of what people do is governed by the system
within which they act, the causes of errors belong to the system and often
lie outside the control of individuals, despite their best efforts. This case
illustrates that medication errors are almost never the fault of a single
practitioner or caused by the failure of a single element. The analysis
presented during the trial had a powerful influence on the jury, which
acquitted the nurse in the one case that was tried. The lesson learned from
this case study is that we must look beyond blaming individuals and focus
on the multiple underlying system failures that shape individual behavior
and create the conditions under which medication errors occur.

1Weaknesses in the structure of an organization, such as faulty information management,
ineffective personnel training, or faulty drug labeling. By themselves, latent failures are often
subtle and may cause no problems. Their consequences are hidden, becoming apparent only
when they occur in proper sequence and combine with active failures of individuals to pen-
etrate or bypass the system’s safety nets (Reason, 1990). Providing an optimal level of medi-
cation safety requires that we recognize and correct the latent failures in the system.
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TABLE I-1 Latent and Active Failures Associated with Key Elements of
the Medication-Use System, Denver Case Study
Key Element Latent Failures Active Failures

1. Prescribing Phase

Patient Information

Patient Education

Communication
Dynamics

Drug Information

• Incomplete clinical infor-
mation on prior treatment
and current status of
mother for syphilis.

• Incomplete clinical infor-
mation on current status
of infant for congenital
syphilis.

• Lack of systematic method
of communicating mother’s
prenatal care to infant’s
physicians.

• Inefficient education of
parents regarding the
possibility of congenital
syphilis in the infant and
their treatment options.

• Lack of efficient means of
communicating with
parents when a language
barrier was present.

• Incomplete communica-
tion of drug information.

• Nonstandard method of
communicating drug
order.

• Insufficient drug informa-
tion (rarely used in prac-
tice, nonformulary drug).

• Decision made to treat
infant for congenital
syphilis.

• Decision made to treat the
infant prior to discharge
from the hospital without
informing the mother,
who later said she would
have refused therapy
because she had been
treated previously and had
two other children at
home without congenital
syphilis.

• Health department recom-
mendation documented in
progress notes only as
“penicillin G,” not “peni-
cillin G benzathine;”
route of administration
not documented.

• Failure to question a
seemingly excessive num-
ber of IM injections.

• Order for the drug written
with “Benzathine” capital-
ized and placed above
“penicillin G;” “IM”
written over “IV.” “U”
used to denote units,
making it look like added
zero or 1,500,000 instead
of 150,000.
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• Misread both health
department recommenda-
tion and drug resource in
determining units/kg dose
for infant; consequently
misread order, resulting in
a 10-fold overdose.

• Ten-fold overdose not
detected.

• Insufficient drug informa-
tion (rarely used in prac-
tice, nonformulary drug).

• Lack of specialized train-
ing/education in neonatal/
pediatric pharmacy.

• Failure to staff pharmacy
with neonatal/pediatric
pharmacist in a hospital
providing these services.

• Lack of maximum-dose
warning system on phar-
macy computer.

TABLE I-1 continued
Key Element Latent Failures Active Failures

2. Ordering Phase

Drug Information

Staff Education and
Staffing Patterns

Quality Control

3. Drug Dispensing Phase

• Ten-fold overdose pre-
pared and dispensed.

• Dispensed two full sy-
ringes of drug labeled
“1,200,000 units” and
“1,500,000 units” (instead
of “1.2 million units” and
“1.5 million units”), with
“note dosage strength”
stickers on plungers.

• Pharmacy label and sy-
ringes did not carry an
auxiliary warning of “for
IM use only.”

• Nonformulary drug dis-
pensed without briefing of
staff responsible for ad-
ministering it.

• Inconsistent pharmacy
procedure for independent
double-check of doses
prior to dispensing.

• Lack of unit dose system
for dispensing medications
in neonatal unit.

• Communication of dose in
the millions numerically
instead of phonically.

• No procedure for educat-
ing staff prior to dispens-
ing a nonformulary drug.

Quality Control

Labeling, Packaging,
and Nomenclature of
Drug

Staff Education

continued
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• Dispensed medication
with directions to admin-
ister 2.5 ml of drug IM to
neonate, requiring five IM
injections.

• Misunderstood benzathine
to be brand name for
aqueous penicillin G.

• Incorrectly thought that
aqueous crystalline peni-
cillin G and penicillin G
benzathine were the same
drug; consequently, prob-
lem with IV administra-
tion went unrecognized.

• Made decision to adminis-
ter the drug IV to avoid
pain from multiple IM
injections.

TABLE I-1 continued
Key Element Latent Failures Active Failures

• Insufficient information on
volume of medication that
can be safely administered
IM to neonates (maximum
of 0.5 ml per injection).

• Insufficient drug informa-
tion regarding significant
serious effects of IM
injection of the drug in
neonates.

• Insufficient drug informa-
tion about various forms
of penicillin G (never used
penicillin G benzathine in
practice, nonformulary
drug).

• Inadequate drug references:
penicillin G benzathine is
frequently referred to in
texts with the ambiguous
synonyms “crystalline
penicillin” and “aqueous
suspension.”

• Inadequate drug reference:
Neofax’95 does not men-
tion penicillin G
benzathine in monograph,
but notes aqueous crystal-
line penicillin G IV push
is used to treat congenital
syphilis; no specific warn-
ings that penicillin G
benzathine (or procaine)
can be administered IM
only.

• Inadequate drug reference:
NICU Medication Admin-
istration does not mention
penicillin G benzathine in
monograph on penicillin G.

• Inadequate resource text:
1994 Red Book does not

Drug Information

Drug Information

4. Drug Administration Phase
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TABLE I-1 continued
Key Element Latent Failures Active Failures

• Nurse practitioner as-
sumed authority to change
route of administration
based on national proto-
col and current practice in
hospital.

• Warning on syringe for
“IM use only” not seen.

• Ten-fold overdose not
recognized.

• Penicillin G benzathine
administered intrave-
nously.

warn that drug can be
administered IM only.

• Conflicting information
about IV use of milky-
white substances.

• Lack of FDA requirement
for “black box” or other
vivid warning regarding
IV administration of
penicillin G benzathine in
drug monographs.

• Hospital had an unclear
definition of prescriptive
authority for
nonphysicians.

• Manufacturer’s warning
for “IM use only” not
prominently placed on
syringe: syringe had to be
rotated 180 degrees away
from drug name to view
the warning; plunger
obscured the view after
syringe prepared;
“1,200,000” used instead
of “1.2 million” units
(errors occur when
comma is misread).

Competency

Labeling, Packing,
and Nomenclature

SOURCE: Smetzer and Cohen, 1998.
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2

Overview of the Drug Development,
Regulation, Distribution, and Use System

CHAPTER SUMMARY

The drug system encompasses four main stages—research and
development; regulatory review; medication manufacturing, distri-
bution, and marketing; and medication use—that each contain
multiple critical control points at which quality, safety, and effi-
cacy can be addressed, and at which breakdowns can occur. This
chapter provides an overview of the major components of the drug
system and the points that might lead directly or indirectly to errors
as well as opportunities for learning, recovery, and improvement.

As noted in two previous Institute of Medicine (IOM) reports—To Err
Is Human: Building a Safer Health System (IOM, 2000) and Crossing the
Quality Chasm: A New Health System for the 21st Century (IOM, 2001),
redesigning health care to improve quality and safety requires definitive
action by all stakeholder groups interacting with the health system. Applied
to this report, stakeholders of the drug system associated with research,
innovation, regulation, clinical practice, payment, education, legislation,
and reporting should be assessed according to how well quality and safety
are (or can be) achieved, among other factors. Advancing this concept
requires that the disciplines of human factors engineering, organizational
psychology, sociology, and informatics must become the basic sciences of
quality just as molecular biology, pharmacology, and genetics are the basic
sciences of medicine (Brennan et al., 2005). Quality and safety in medica-
tion use depends directly on the extent to which the principles of these
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sciences are built into the overall drug system (Califf et al., 2002). Integrat-
ing the sciences of quality with the biomedical and health sciences will
ultimately facilitate the translation of safety and quality in medication use
from theory to clinical practice.

As a first order of business, the points at which safety and quality can
be compromised must be identified. Currently, the potential for harm is
present throughout the system. Harm can be due to any number of factors,
many of which are now in the national spotlight, including undisclosed
harmful side effects of a drug for specific patient populations; lax follow-
through on regulatory responsibility after product approval; human error
in prescribing, dispensing, administering, and monitoring effects in pa-
tients; and inadequate patient activation and education. This chapter iden-
tifies the key issues of the overall drug system that affect safety and quality
in medication use. Subsequent chapters in this report provide recommenda-
tions for improvement, many of which incorporate the “sciences of qual-
ity” mentioned above.

STRUCTURE OF THE OVERALL DRUG SYSTEM

Currently more than 10,000 prescription drugs and biologics (FDA,
1999) and more than 300,000 over-the-counter (OTC) products are on the
market in the United States (RSW, 2001). In 2004, 215 prescription and 71
OTC drugs were recalled because of manufacturing and distribution prob-
lems or serious adverse reactions (FDA, 2004a).

The regulatory element of the drug system evolved over the past cen-
tury from being focused on regulating interstate transport and misbranded
products to being built on an infrastructure with the goal of reliable stan-
dards, processes, and laws to ensure some degree of safety and efficacy in
medicinal agents. The result is a sophisticated, comprehensive drug system
encompassing four stages that interact with, support, and reinforce each
other to varying degrees (see Figure 2-1): (1) research and development
(R&D), where ideas for new drugs are conceived and candidates are clini-
cally tested; (2) regulatory review by the Food and Drug Administration
(FDA) to validate or counter the research findings and ensure proper label-
ing; (3) manufacture, distribution, and marketing of products that have
received regulatory approval; and (4) use of medications available either
through a prescription or OTC. Prescription drugs, biologics, and some
OTCs follow this model. The product development and regulatory review
stages are abbreviated for other OTCs and for generics.

Each element of the drug system is governed by its own set of standards
and methods for scientific analysis to advance the safety, quality, and effi-
cacy of products and their use. As the chief protector of the public health,
the FDA has responsibility for developing and enforcing the standards in all
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areas except clinical practice, which is governed by state boards of medi-
cine, nursing, and pharmacy; professional societies; and accreditation orga-
nizations.1 Compliance with FDA regulatory standards is the responsibility
of the manufacturers who promote their products in the marketplace. Safe
and effective use of medications is the responsibility of providers who
prescribe the medications and patients who take them.

Standards2 for each component of the drug system act as links in a
chain of events that have an important bearing on the competence and
effectiveness of drug therapies in medical care. The key points at which
important interventions can be implemented are identified in Figure 2-1.
Building safety and quality into the system starts with rational ideas for
new drug products, followed by sound scientific research; reliable clinical
testing; rigorous regulatory reviews; appropriate labeling; use of good manu-
facturing processes; proper distribution techniques; adequate supplies; ethi-
cal marketing practices; competent prescribing, dispensing, and administra-
tion of medications; and finally suitable monitoring of the patient, reporting
of errors, and measurement of outcomes (Martin, 1978). If standards do
not exist, are inadequate, have not been met, or are not enforced at any
point along this chain, patient safety and quality of care can be compro-
mised. For example, restriction on the publication of a drug’s side effects
can affect a prescriber’s ability to choose the best drug for a patient or to
identify and respond to an adverse reaction in a timely manner; lax enforce-
ment of regulatory requirements for drug labeling can result in product
confusion in a high-stress, fast-paced clinical setting; formulary restrictions
can force a switch to a medication that may be less appropriate for a patient
than the one initially prescribed; or the failure to document all of the
medications a patient is taking (including OTCs and dietary supplements)
can cause a drug–drug interaction that could have been prevented.

In the first three of these examples, problems in the drug development,
regulation, and distribution systems contribute to medication-use errors
that should be corrected. Yet most links or components of the drug system
operate in a quasi-silo state with less-than-ideal means of sharing important

1The Center for Drug Evaluation and Research (CDER) regulates prescription (including
therapeutic biologics), generic, and nonprescription drugs; the Center for Biologics Evalua-
tion and Research (CBER) regulates the remaining biologics and blood products; and the
Center for Devices and Radiological Health regulates medical devices, including those used to
administer medications. The FDA’s authority, established by the Federal Food, Drug, and
Cosmetic Act of 1938, has evolved steadily over the past 60 years through a series of legisla-
tive and regulatory actions to foster safety and efficacy through all stages of the drug system.

2A set of characteristics or quantities that describes features of a product, process, service,
interface, or material. The description can take many forms, such as the definition of terms;
specification of design and construction; detailing of procedures; or performance criteria
against which a product, process, and other factors can be measured (NRC, 1995).
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information or responding to safety-related problems. In the last example,
the problem results from an error within the medication-use system itself
(e.g., insufficient information). Most often this is the case: medication er-
rors are the result of a problem incurred during the prescribing, dispensing,
administration, or monitoring phases of the medication-use system.

Nevertheless, both aspects of causation—how the drug is prepared
(developed, regulated, distributed) and how it is used in clinical practice or
self-care—must be addressed if errors in the medication-use system are to
be reduced and prevented. The remainder of this section addresses the
former (research and development; regulatory review; and manufacture,
distribution, and marketing). The second section of the chapter addresses
medication use.

Research and Development

The R&D process involves more than the development of new prod-
ucts; it encompasses the overall generation and disclosure of high-quality
data that can be used with confidence by providers and patients in medical
care, by providers and technology vendors to populate knowledge bases
and clinical decision-support systems, by regulators in assessing benefit/risk
balances for protection of the public health, and by researchers for contin-
ued innovation and advancement of science and medicine (Califf, 2004).
Issues related to study design, data quality, and disclosure can have direct
bearing on the development of the medication knowledge base needed to
support clinicians and pharmacists in clinical decision making and prescrib-
ing; preparation and administration of appropriate dosages; and monitor-
ing of patient response (positive and negative) to a medication, particularly
the ability to discern symptoms of disease from effects of the drug. Public
availability of information from trials also is necessary to support con-
sumers in their self-care, disease management, and medication self-
management. Data quality can be compromised by poor clinical study de-
signs, less-than-optimal methods of data analysis, and/or conflicts of inter-
est that affect the objectivity of investigators (Califf and DeMets, 2002a,b;
Strom, 2004; March et al., 2005). The failure to disclose negative study
results (e.g., serious adverse side effects) can have fatal effects on patients
(Bodenheimer, 2000; Moore et al., 1998).

Current State of R&D

Pharmaceutical R&D for new drugs and biologics aims to meet a medi-
cal need in a specified patient population by creating medications with
characteristics of high activity, low toxicity, and relatively few side effects.
Fundamentally, approval for marketing a drug is based on an assessment of
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the balance of the benefit and risk of using the drug in the specified popu-
lation. The ability to separate toxic and side effects from therapeutic effects
on the basis of preclinical evaluation is an ongoing challenge. Sizable
amounts of time and effort are spent on trying to increase this margin, but
ultimately the balance of benefit and risk cannot be defined until clinical
trials have been conducted in relevant populations (Martin, 1978; Califf,
2004). Trends in drug development over the past few decades have led to
significant improvements in study designs, reducing the incidence of incor-
rect conclusions concerning dosage, efficacy, and safety while deepening
understanding of how the molecular structures of potential new drugs in-
teract with specific human cellular structures. More recent scientific discov-
eries in the areas of genomics, biotechnology, and informatics are expected
to increase significantly the number of new molecular targets and the ability
to develop medicines with greater specificity and fewer side effects (NRC,
2004), although this promise has not been realized, and the time frame for
pragmatic advances remains unclear (Califf, 2004).

Clinical Study Design

Traditionally, the R&D process has been performed in sequential
stages. After discovery of potential compounds for new medicines and
preclinical testing in the laboratory and in animals for safety and biological
activity against the targeted disease, the manufacturer (i.e., sponsor) sub-
mits an Investigational New Drug Application (IND) to the FDA or other
international regulatory authority for review.3 The IND contains plans for
clinical studies in humans (Phases I, II, and III), all data from preclinical
testing, and complete structural and manufacturing information. At any
time after the IND has been submitted, the sponsor may request an acceler-
ated development and approval track (“fast track”) for drugs that promise
substantial benefit over existing therapies for serious or life-threatening
illnesses. Granting of fast track status is based on the case that the drug
would fulfill a critical unmet health need, early evidence of the drug’s
effects on a surrogate end point,4 commitments to undertake postmarket
studies, and/or agreement to restrict distribution and use after approval
(FDA, 1999).

Most Phase I studies use healthy volunteers to test the drug’s actions,
both metabolic (pharmacokinetics [PK]) and pharmacologic (pharmacody-

3The FDA performs clinical, chemistry, toxicology, and safety reviews of the IND and, if it
is accepted, makes adjustments to clinical trial parameters as needed. The IND sets the stage
for the FDA’s interaction with the sponsor during clinical studies.

4A surrogate end point is a laboratory finding or physical sign that may not, in itself, be a
direct measurement of how a patient feels, functions, or survives, but nevertheless is consid-
ered likely to predict therapeutic benefit (FDA, 1999).
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namics [PD]);5 side effects associated with increasing doses; and if possible,
early evidence of efficacy (FDA, 1998). Phase II studies use a small group of
patients with the condition in well-controlled circumstances to evaluate the
dose that optimally affects the chosen biological target, the method of
delivery (e.g., oral, intravenous), the dosing interval, and short-term side
effects, and to extend the preliminary evidence of safety from Phase I
(Walters, 1992; Leonard, 1994; FDA, 1998). A substantial number of drug
trials are discontinued after both Phases I and II because of ineffectiveness,
safety problems, or intolerable side effects. If the Phase I and II trials are
successful, the sponsor may apply for Treatment IND status to provide
promising drugs to patients with a life-threatening disease (e.g., AIDS) if no
comparable therapy exists or the patients cannot participate in clinical
studies.

Phase III trials are the most critical in the determination of a drug’s
approval for labeling by the FDA and international regulatory authorities.
Typically, Phase III trials are structured as randomized controlled trials
involving enough patients carefully selected, often across multiple sites, to
obtain data on the drug’s overall benefit/risk relationship so that regulators,
often guided by expert panels, can be comfortable that the balance is favor-
able for the defined population (Nies, 2001). While such studies typically
can last from 1 to 4 years and commonly include from 1,000 to 10,000
patients, generally only a few hundred patients are treated for more than 3
to 6 months with the drug, regardless of the duration of treatment required
in clinical practice. As a result, only the most profound and overt risks and
side effects that occur immediately after taking a drug can be detected if the
occurrence rate is 1 in 100 administrations. Risks that are medically impor-
tant but delayed, less frequent than 1 in 1,000 administrations, or not
evenly distributed across the population may not be revealed prior to mar-
keting (Nies, 2001). In particular, serious adverse effects for a specific
patient population (e.g., pediatric, geriatric, those with renal dysfunction or
multiple comorbidities) usually will not be known, as those groups are not
well represented in the trials (Lee et al., 2001; Klein et al., 2002). Accord-
ingly, postmarket surveillance and evaluation studies (Phase IV) are often
requested for further evaluation of safety issues (e.g., adverse effects) after
approval.

During a January 2005 meeting on drug development science spon-
sored by the FDA and the Association of American Medical Colleges
(AAMC), participants from academia, industry, and government identified

5Pharmacodynamics denotes the biochemical and physiological effects of a drug and the
relationship between drug concentration and effect. Pharmacokinetics is the activity or fate of
drugs in the body over a period of time, including the processes of absorption, distribution,
localization in tissues, biotransformation, and excretion.
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crucial problems with the current model and opportunities for improve-
ment (AAMC, 2005). The participants found that study designs often are
not tailored to the pharmacology of potential new drugs and the patient
populations that will use them, and frequently are not structured to allow
adequate evaluation of a broad range of doses.

Each of the above factors can contribute to issues of patient safety and
quality of care in the medication-use process. For example, drugs can pro-
duce very different effects in elderly patients and younger adults. The el-
derly are more likely to have impaired kidney and renal function, to be
taking other medications, or to have other medical conditions. Few clinical
studies include substantial numbers of elderly patients, however, even
though the elderly are a growing proportion of the general population
(FDA, 1999; Noah and Brushwood, 2000; Boyd et al., 2005).

Data Quality

While randomized controlled trials are considered the gold standard
for assessing efficacy, they rarely provide all the information needed in
clinical practice (Teutsch et al., 2005). Drugs are usually compared with a
placebo, and studies frequently use surrogate or intermediate measures of
efficacy, such as blood pressure, low-density lipoprotein cholesterol, or
tumor shrinkage, rather than tangible patient outcomes, such as mortality,
morbidity, and quality of life. Placebo-based comparisons serve regulatory
requirements, leaving long-term studies comparing treatments to post-
approval. Without data on health outcomes, extrapolation from the care-
fully selected patient populations used in clinical trials to patient popula-
tions seen in typical practice settings and from the patient population used
in a trial to another patient population introduces uncertainty (Teutsch et
al., 2005).

A variety of leaders have voiced concern about the threat posed to
scientific integrity by conflicts of interest among industry and academic
researchers, private-sector investigators, and regulators (Bodenheimer,
2000; Chopra, 2003; Fontanarosa et al., 2004; Psaty et al., 2004). There is
evidence that research has tended to overemphasize drug benefits while
downplaying risks (Rochon et al., 1994; Rothman and Michels, 1994; Bero
and Rennie, 1996; Bekelman et al., 2003).

Disclosure of Results

Currently, public disclosure of results through registration is required
only for clinical gene-transfer trials registered with the National Institutes
of Health (NIH) and studies conducted under INDs (FDA, 2004b). Nondis-
closure (failure to register) of all clinical trials from start to completion and
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failure to report results (both positive and negative) in a public database
have left sizable gaps in the knowledge base that can affect decision making
by regulators and clinicians, as well as the work of researchers and editors
of medical journals (Steinbrook, 2004; IOM, 2006). (See Box 2-1 for a
summary of key problems with the research and development process.)

Regulatory Review

Prior to marketing in the United States, all new prescription drugs
(including generics), OTC drugs, and biologics are subjected to formal
regulatory review and approval by the FDA’s Center for Drug Evaluation
and Research (CDER). The primary objectives of the regulatory review are
to evaluate a drug’s safety and effectiveness and to determine whether its
benefits outweigh its risks. Regulatory review also verifies that industry has
taken the appropriate measures to prepare the products properly for the
market.

The balance of benefit and risk is influenced significantly by intended
use, and varies from drug to drug and from one patient group to another
(FDA, 1999; University of Utah, 2006). For example, greater risk may be
tolerated for a drug designed to treat a life-threatening illness than for one
designed to treat the common cold. Likewise, lower risk may be required
for drugs intended for geriatric patients, who are more likely to have renal
or hepatic impairment and multiple conditions (FDA, 1994). As genomics
and proteomics enable drug development to become increasingly individu-
alized, it will be possible to establish more specific benefit and risk assess-
ments for particular patient populations with certain clinical or genetic
characteristics. This capability will necessitate reexamination of the current
benefit/risk model used for regulatory approval (Califf, 2004).

BOX 2-1
Summary of Key Problems with the Research and
Development Process Affecting Safety and Quality

in the Medication-Use System

• Study designs are insufficient to generate data for the full range of knowl-
edge needs (for example, to evaluate metabolic and pharmacologic effects and
clinical outcomes in specific populations).

• Studies are short-term, but medication use can be long-term; thus long-
term effects are unknown.

• Public disclosure of clinical trial results may be selective.
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Review of Clinical Data for New Drugs and Biologics

Assessment of new drugs (i.e., new molecular entities [NMEs]) is based
on the New Drug Application (NDA) or the Biologic Licensing Application
(BLA)—dossiers submitted by the drug sponsor that include all data from
preclinical and clinical studies on safety and efficacy, proposed labeling,
and manufacturing details. A team from CDER’s Office of New Drugs
reviews the dossiers; communication with the sponsor occurs throughout
the process to address scientific, medical, and procedural issues. The FDA
uses advisory committees of external scientific experts for advice and opin-
ions to broaden its basis for decision making on an NDA/BLA or regulatory
issue.

For a drug to win approval, the FDA does not require that it be better
than products already available, only that it be effective (better than noth-
ing [i.e., placebo]) and fairly safe (Deyo, 2004). A drug is determined to be
effective if it achieves a “surrogate outcome” (e.g., lowers cholesterol) with-
out its effects on life expectancy being known. The FDA does not approve
every use for which a drug may be prescribed by a clinician, only the use
evaluated during its clinical trial.

Postmarket Surveillance of New Drugs

Some of the risks associated with a new drug are not known at the time
of regulatory review because the data from clinical trials are limited in
terms of patient population, study size, and/or duration. Consequently,
drugs must continue to be evaluated as they are used in clinical settings to
detect less frequent but significant adverse side effects, long-term effects, or
effects in different patient populations. Two mechanisms are available for
this purpose: (1) postmarket surveillance studies, and (2) the FDA’s adverse
event reporting systems (see later in the chapter). Both approaches rely on
manufacturers to collect, evaluate, and report data on their own products
(Fontanarosa et al., 2004).

Postmarket studies can be designed to observe a drug’s effects in a
larger, more heterogeneous population over 3–4 years (Berndt et al., 2005).
The FDA requires postmarket studies as a condition for approval in only
two product categories—drugs granted fast track status and drugs for which
the manufacturer desires a pediatric indication (Fontanarosa et al., 2004).
Such studies are optional for other product categories, although strongly
encouraged. Manufacturers complete fewer than half of the postmarket
studies they commit to undertaking as a condition for approval (FR, 2004a;
Fontanarosa et al., 2004). At the request of the FDA, the IOM Committee
on Assessment of the U.S. Drug Safety System is evaluating the agency’s
postmarketing surveillance. More detail on surveillance systems is given in
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the section on adverse event reporting and surveillance systems later in the
chapter.

Review of Clinical Data for Generics and OTCs

The FDA uses a process similar to that for NMEs to review new generic
drugs and OTCs. Sponsors of generics file an Abbreviated New Drug Ap-
plication (ANDA) or Abbreviated Antibiotic Drug Application (AADA)
that provides information supporting equivalence to an FDA-approved
brand-name drug in terms of active ingredients, dosage, safety, strength,
administration, quality, performance, and intended use. Generic manufac-
turers are not required to replicate the extensive clinical trials of the original
drug, but must demonstrate bioequivalence; this can be done by measuring
bioavailability (e.g., rate and extent of absorption) of the generic in 24 to
36 healthy subjects (FDA, 1999).

For OTCs the FDA has established drug monographs for each OTC
product class, covering acceptable ingredients, doses, and formulations
(FDA, 1998). An FDA team assesses a product’s conformance to the mono-
graph, as well as to OTC labeling guidelines.

Product Labeling

After deciding to approve a drug for a specific indication, the FDA
evaluates the product labeling. Labeling is a broad term that encompasses a
number of materials developed by pharmaceutical companies, including the
professional product label (also known as the package insert); medication
guides (for drugs posing a serious public health concern); patient package
inserts (with content often used in media advertisements); product packag-
ing (which pertains to the external package labeling of the drug); and any
written, printed, or graphic material used for marketing (Kenny, 2001).

Professional product labels (package inserts) are developed by compa-
nies on the basis of Phase III data. They are evaluated by the FDA for
compliance with federal regulations, rather than for usefulness6 to health
care professionals and consumers. Medication guides and patient package
inserts are written for consumers in a more user-friendly language. How-
ever, problems with the design and content of all labeling materials affect
their readability, comprehensibility, and usefulness (FR, 2006; Hubal and
Day, 2006). The FDA’s recently published new rule on drug labeling is an

6The Code of Federal Regulations requires that labels describe the drug’s ingredients, struc-
tural formula, and clinical pharmacology; its indications, contraindications, warnings, and
precautions; its associated adverse reactions and potential for abuse; the signs and symptoms
of overdose; guidelines for proper use; and how the drug is supplied.
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improvement (FR, 2006), but additional work is still needed on better
incorporating the principles of cognitive and human factors engineering to
address remaining issues concerning information presentation and nomen-
clature (http://www.fda.gov/cder/regulatory/physLabel/default.htm).

FDA Risk and Safety Communication

As a drug is used in clinical practice, new information and precautions
for safety may be needed. The FDA can require the manufacturer to revise
some of the information in the product labeling materials, although it can
take close to 2 years to reach agreement with the manufacturer and incor-
porate labeling changes. Changes may include the addition of a “black box
warning”—the strongest warning on a label, highlighting serious adverse
reactions or special problems that could lead to injury or death (Wagner et
al., 2006). Black box warnings are not easy for consumers to access as they
are applied to the label (i.e., package insert and external package); most
consumers do not read the insert and do not receive their prescriptions in
the manufacturers’ packaging (Szefler et al., 2006). Furthermore, compa-
nies tend to resist adding such a warning to a drug’s label (Weatherby et al.,
2002; Wagner et al., 2006). Of note, there are virtually no black box
warnings on OTC products even though serious errors in administration
occur with these products, and such warnings could greatly benefit con-
sumers, particularly parents who must administer OTC medications to
infants and children (Presecky, 2006). The FDA also distributes “dear doc-
tor letters” to communicate new risk information directly to providers, yet
these communications are relatively ineffective in changing prescribing be-
havior unless they are widely publicized (Smalley et al., 2000; Weatherby et
al., 2001, 2002).

Recently, the FDA began developing and posting on its website supple-
mental emerging safety information derived from its reporting system (the
MedWatch program; see later in the chapter) in an effort to improve the
quality of postmarket information about prescription drugs for health care
providers and consumers. Also, there is renewed interest in earlier efforts to
improve the design and content of consumer drug information distributed
through the pharmacy (i.e., pharmacy leaflets) (see Chapter 4).

Review of Product Packaging

Poor labeling on product packaging has contributed to serious medica-
tion errors (see Chapter 6) (Cohen, 2000). For example, packaging-related
problems can make it easy for busy clinicians to misread poorly presented
drug dosing units (e.g., concentration and strength) or to confuse drugs
with names that sound similar (e.g., Lamictal, for seizure disorders, and
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Lamisil, an antifungal) (Cohen, 2005). For all drugs, inserts and packaging
that lack highly visible, easy-to-read instructions, warnings, and contra-
indications presented in layman’s terms (versus complex medical jargon)
can lead to incorrect perceptions and poor retention by prescribers and
patients alike.

To address labeling or packaging errors that occur after approval, the
FDA sends a request for changes to the manufacturer. If the manufacturer
has failed to respond to requests for labeling changes and patient harm
recurs as a result of related errors, the FDA seeks to bring about the re-
quired changes through negotiation. Labeling for a generic must be identi-
cal to that for the reference drug. And recent requirements for the labeling
of OTC drugs have created more consumer-friendly labels. The uniform
labeling requirements standardized the presentation of “Drug Facts” on the
outside of the OTC package in an easy-to-follow format using simpler
language and clear visual markings. The FDA recommends, but does not
require, manufacturers to include a phone number if more information is
needed or if an adverse reaction occurs.

Monitoring of Marketing Materials

Labeling for marketing and advertising purposes is reviewed by CDER’s
Division of Drug Marketing, Advertising and Communications to ensure
that product claims are truthful and not misleading. Promotional materials
(i.e., advertisements) are submitted for review at the time of their initial use,
but the FDA does not evaluate these materials before they are used by
companies in the marketplace. (See section on marketing practices later in
this chapter.) (See Box 2-2 for a summary of key problems with the regula-
tory review process.)

BOX 2-2
Summary of Key Problems with the Regulatory

Review Process Affecting Safety and Quality
in the Medication-Use System

• Confusing presentation of important drug information in naming, labeling,
and packaging can contribute to medication errors.

• Procedures to address product labeling and packaging problems are
cumbersome.

• Many companies fail to complete postmarket study commitments, so knowl-
edge about important drug benefits/risks is not obtained.
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Manufacture, Distribution, and Marketing

Plans for the manufacture, distribution, and marketing of drugs are
developed by manufacturers and evaluated by the FDA. Although by this
time products have passed the regulatory approval process, including vali-
dation of the data from clinical trials, issues affecting the medication-use
system can arise during these processes as well. For example, drug short-
ages or discontinuations in certain dosages force patients to switch their
prescription to another drug that may not be as appropriate for them or to
resort to potentially unsafe practices, such as manipulating doses manually
(e.g., tablet cutting) or purchasing from unknown Internet vendors. Restric-
tive formularies or lack of drug coverage for prescribed medications can
lead to prescription sharing among family and friends. Marketing practices
and campaigns that overemphasize the benefits of a drug to providers and
consumers without appropriate disclosure of its risks can lead to inappro-
priate prescribing and adverse drug effects.

Manufacturing Controls

During the last stages of regulatory review for new drugs and generics,
the FDA evaluates the adequacy of the sponsor’s plans/controls for manu-
facturing to ensure the product’s identity, strength, quality, and purity. The
agency may even inspect a sample of clinical trial locations to verify the
accuracy of the data in the NDA, as well as to inspect manufacturing and
repackaging facilities to confirm compliance with international standards
known as Current Good Manufacturing Practices (CGMP) (FDA, 2003).
Inspections are a significant step in the review process, aimed at minimizing
consumers’ exposure to adulterated drug products. The inspections demon-
strate a company’s ability to manufacture a drug within tight parameters
from batch to batch, day to day, year to year, and to prove that the same
controls that received regulatory approval are being applied in the actual
manufacture of the product (FDA, 1999).

Distribution to Pharmacies and Consumers

Once products have been produced to standards, they are ready to
enter the distribution system that transfers drug products from manufactur-
ers to pharmacies or retail outlets. Traditionally, wholesalers have func-
tioned as the key intermediaries, providing services for storage and delivery
to pharmacies. However, the rising cost of health care and prescription
drugs, as well as other factors, has prompted the use of other methods to
bring drug products to pharmacies, consumers, and patients. Some phar-
macies, both provider- and community-based, now receive drug supplies
directly from the manufacturer, delivered through the company’s own ser-
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vices. A growing method of bringing drugs to consumers is through mail
order pharmacies (such as those established by pharmacy benefits managers
[PBMs]), Internet pharmacies, and pharmacies of general (usually large)
retail outlets (e.g., Walmart, Target).

Mail Order and Internet Pharmacies

As the demand for and cost of prescription medications have increased,
so, too, has the demand for more cost-efficient models for distributing
drugs to consumers through mail order systems. Such systems include both
the businesses of PBMs and the Internet. PBMs are third-party entities that
evolved from claims administration and mail order pharmacies into organi-
zations that also provide a range of drug benefit and clinical-based services
(HPA, 2003).

Use of PBMs has grown considerably over the past decade with the
expansion of their services to utilization management, disease management,
and, more recently, medication safety for individuals with chronic diseases
and associated polypharmacy-related issues. PBMs generally make pharma-
cists available to assist consumers with questions about their medications.
Nonetheless, a substantial portion of consumers continue to prefer the
convenience of their local pharmacy and personal contact with the commu-
nity pharmacist.

The Internet has emerged as a growing marketplace for the purchase of
drugs (GAO, 2004). It offers consumers the benefit of being able to shop
from home at any time, and the ability to compare prices of multiple
vendors and purchase from a wide range of drug categories (GAO, 2004).
Although the Internet pharmacy market is subject to the same laws that
govern traditional pharmacies, it is global and difficult to regulate. A recent
report by the Government Accountability Office (GAO, 2004) notes that
many Internet pharmacies do not comply with state pharmacy laws; for
example, they sell drugs that are improperly packaged, counterfeit, or un-
approved. Most important from a consumer safety standpoint, in some
instances, prescription drugs can be purchased without a prescription.

Marketing to Consumers, Providers, and Payers

Most stakeholders in the drug system are introduced to drug products
for the first time through marketing and advertising campaigns. The FDA’s
Division of Drug Marketing, Advertising and Communication estimates
that industry spends $25 billion annually to promote drug products in the
marketplace (Abrams, 2005). Marketing can take the form of visits by
company representatives to physicians’ offices to discuss new drugs in per-
son and provide sample packs and gifts7; rebates to health plans and PBMs
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for preferential formulary placement; industry-sponsored continuing medi-
cal education (CME) programs focused on new drugs; funding of disease
management programs; direct payment of travel expenses to attend medical
association conferences; and direct-to-consumer advertising that promotes
new drugs to the public at large in print, broadcast, and electronic media
(Chung et al., 2003; Blumenthal, 2004).

A body of evidence confirms that these strategies have an influence on
physicians’ objectivity and behaviors, especially prescribing practices, for-
mulary choices, and assessment of medical information (Levy, 1994; Wilkes
et al., 2000; Carney et al., 2001; Goodman, 2001; NIHCMREF, 2002;
Blumenthal, 2004; Chimonas and Rothman, 2005). Wazana’s (2000) ex-
tensive literature review on physician–pharmaceutical industry interactions
revealed that some positive outcomes were identified (for example, an im-
proved ability to identify the treatment for complicated illnesses), but most
studies found negative outcomes, although no study evaluated the impact
on patient outcomes. The impact of physician–pharmaceutical industry
interactions is particularly concerning since these strategies are employed
even for new drugs that may have little or no discernable advantage over
existing drugs or other treatment options (Avorn, 2004), and for which
there may be only limited data from short-term clinical trials that may not
have uncovered serious adverse effects (Califf and DeMets 2002a,b). In
some cases, drugs attain preferential placement in formularies because of
company financial incentives (e.g., discounts, rebates) rather than quality
and evidence-based decision making (Chung et al., 2003). Thus many
groups within the medical community are calling for changes in the way the
industry interacts with the medical community (Katz et al., 2003;
Blumenthal, 2004; Studdert et al., 2004; Brennan et al., 2006).

Distribution of Free Samples

The primary promotional tool for new drugs is the distribution of free
samples to providers. In 2003, companies distributed about $16 billion
worth of free samples (although this figure represents retail value, only 20–
30 percent of which is the actual value) (IMS Health, 2004). While making
samples broadly available to patients, particularly those with lower in-
comes, may be well intentioned, there is growing evidence that the provi-
sion of free samples directly affects physician’s patterns in selecting and
prescribing medications and in addressing issues of medication safety (Chew
et al., 2000; Maguire, 2001; Petersen, 2000). Free samples are frequently
taken by patients without a prescription and without documentation in

7Gift giving has been deterred by professional societies, government regulators, and indus-
try itself (Coyle, 2002; Loucks, 2003; Moynihan, 2003; Angell, 2004).
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health records, thus bypassing the safety check on drug–drug interactions
that may otherwise flag a potential error (Chew et al., 2000; Groves et al.,
2003; Taira et al., 2003). Furthermore, free samples are most often the
newest, least well tested drugs, and patients are thus being encouraged to
take these drugs when others might, in fact, be safer for them (Avorn,
2004). (See the discussion in Chapter 6.)

Formularies

Companies also interact with insurance payers and PBMs to secure list-
ing and reimbursement pricing in drug formularies. A formulary is a payer’s
list of covered drugs, designed to restrict the listing of drugs and/or the level
of coverage in each therapeutic class for cost-saving purposes (Husakamp et
al., 2003). Unlike other nations that use formularies to determine access,
payers in the United States maintain an open system to accommodate the
broadest population and its potential medication needs; formularies for pre-
scription drugs are used solely to determine tiered copayment and reimburse-
ment structures, not access. For example, the Veteran Health Administration
(VHA), private-sector health maintenance organizations (HMOs), private-
sector payers, and now the Centers for Medicare and Medicaid (CMS) with
the new prescription drug benefit use open formularies, although coverage is
tiered (also called incentive based) (Thomas, 2003; Landon et al., 2004;
Shrank et al., 2005). HMOs tend to have more restrictive formularies (pro-
hibiting payment for certain drugs), but many have also moved to tiered
structures (Shrank et al., 2005). (See Box 2-3 for a summary of key problems
with the manufacturing, distribution, and marketing process.)

STRUCTURE AND FUNCTION OF THE
MEDICATION-USE SYSTEM

The steps described above provide the basic foundation for safety in
producing and distributing medications that meet consumers’ medical and

BOX 2-3
Summary of Key Problems with the Manufacturing,

Distribution, and Marketing Processes
Affecting Safety and Quality in the Medication-Use System

• Many Internet pharmacies are inappropriately dispensing medications.
• The current system for distributing free samples leads to a lack of docu-

mentation that represents a threat to patient safety.
• Restrictive formularies and switching between formularies may lead to med-

ication errors.
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health needs. The medication-use system that is built on that foundation
encompasses the continuum of (1) prescribing by the clinician (or self-
prescribing), followed by transcribing; (2) preparing and dispensing by the
pharmacist; (3) administering by the provider or consumer (self-care); and
(4) monitoring for therapeutic and adverse effects (by nurse, surrogate, or
self). Each of these steps includes critical control points at which decisions
and actions can contribute to safety or errors. Figures 2-2, 2-3, and 2-4
outline these critical control points for the different health care settings.

The primary stakeholders involved in the medication-use system are
patients/consumers and their families, providers, payers, regulators, em-
ployers, manufacturers, distributors, and policy makers. Secondary stake-
holders include accrediting, patient safety, and quality improvement orga-
nizations; medical journal editors; and the general media. The dynamics of
the system for medication delivery are shown, along with relevant stake-
holders, in Figure 2-5.

Achieving safe and effective use of medications requires coordinated
efforts by all stakeholders, with mutual recognition that each has unique
perspectives on what constitutes appropriate or rational medication use
(Knowlton and Penna, 2003). Patients/consumers and their families have
an interest in maintaining their personal health and safety at a reasonable
cost, as do their employers. Health care providers (physicians, nurse practi-
tioners, physician assistants, nurses, pharmacists) have an interest in ad-
dressing patient problems effectively and achieving therapeutic objectives.
Regulators have an interest in ensuring the safety of the general public and
taking disciplinary action when necessary. Pharmaceutical manufacturers
have an interest in developing and marketing new drugs in the service of
society and their stockholders. Payers have an interest in providing their
enrollees with insurance coverage at a reasonable cost (Knowlton and
Penna, 2003). Community pharmacies and PBMs have an interest in pro-
viding patients and consumers with useful information about their medica-
tions and averting potential errors. Accrediting organizations have an inter-
est in assessing health care providers’ compliance with medical safety
standards and best practices. Patient safety reporting organizations have an
interest in collecting data on events and developing protocols to improve
safety. Medical journal editors have an interest in publishing comprehen-
sive and accurate information about medications and their use. And the
general media have an interest in writing newsworthy stories about health
care and exposing any problems.

Unfortunately, the complex and diverse interests of the primary stake-
holders have resulted in a medication-use system that is disjointed and
inefficient in terms of manpower and resource consumption. Errors in medi-
cation delivery are the largest single category of medical errors in health
care (IOM, 2000). Errors occur with all types of medications (e.g., pre-
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FIGURE 2-2 Medication-use process for hospital and long-term care.
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FIGURE 2-4 Medication-use process for over-the-counter drugs.
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scription, generic, OTC) and in all health care settings (e.g., hospital care,
ambulatory care, nursing home care, and home self-care). Errors can be
those of commission (e.g., prescribing the wrong dosage) or omission (e.g.,
failing to prescribe a medication that would likely benefit a patient). Errors
can occur at any point along the medication-use continuum as a result of
multiple factors in the health system, including those associated with the
patient, the provider (e.g., experience, expertise, and overall human factors
such as fatigue and stress), the care team (e.g., lack of communication
between clinicians, shifts, and settings), the work environment (e.g., lack of
clinical decision support, product labeling), and the department/institution
(e.g., absence of a culture of safety) (Vincent, 2001). This section provides
an overview of the points along the continuum of the medication-use sys-
tem in community and inpatient care settings at which medication errors
can occur: prescribing and ordering, self-prescribing, transcribing, prepar-
ing and dispensing, administering and consuming, self-administering, moni-
toring for effects, and self-monitoring.

Prescribing and Ordering

The prescribing domain in community, hospital, and long-term care
settings involves clinical decision making, selection of a drug and drug
regimen, medical record documentation, and ordering. The clinician has
the responsibility to engage the patient in discussion about the appropriate-
ness of a prescription drug as part of the treatment plan and about how to
design the regimen to meet the patient’s needs. Although the patient should
participate in the decision making on whether to use medication therapy,
the clinician retains responsibility for ensuring medically appropriate pre-
scribing and accuracy in medical record documentation and prescription
ordering.

Quality and safety in the medication-use system require good clinical
decision making about patient care and therapeutic options. As stated in
the Quality Chasm report (IOM, 2001), the best care results from the
conscious, explicit, and judicious use of current best evidence and knowl-
edge of patient values by well-trained, experienced clinicians. Thus, effec-
tive clinicians rely on best practices as appropriate for a given patient, yet
they maintain the freedom to make choices that science cannot guide, such
as those based on relationships and observation. These clinicians under-
stand and respect the patient’s special circumstances, preferences, and val-
ues, knowing they are vital to patient-centered care. They also are attuned
to the patient’s economic circumstances (e.g., uninsured, underinsured) and
formulary restrictions as they may affect drug selection, especially if the
patient must pay for the medications out of pocket.
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Good decision making need not always be based on the results of
randomized controlled trials for two reasons: (1) such results are not al-
ways available, and (2) other forms of knowledge may be definitive. For
example, few drug products used for neonatal and pediatric patients have
been tested in randomized controlled trials in these populations. When a
drug exists that has been tested in the adult population, pediatricians must
use their medical expertise and overall knowledge of therapeutics to make
decisions regarding the “off-label” use of the drug to meet the needs of their
patients (see Box 2-4).

Moreover, all illnesses do not require drug therapy. The need for a drug
should be evaluated and weighed against alternative treatments to avoid
overuse or inappropriate uses of medications (IOM, 2001). For instance,
antibiotics are contraindicated for treating the common cold or a viral infec-
tion but are often requested and prescribed nonetheless, thus contributing to
problems of antibiotic resistance. As another example, certain drugs, particu-
larly antidepressants, analgesics, and muscle relaxants, are commonly and
inappropriately prescribed for elderly patients, contributing to adverse drug
events that necessitate health care services, physician contact, hospitalization,
and emergency department visits (Golden et al., 1999; Hanlon et al., 2000a,b;
Fick et al., 2004; Fialova et al., 2005).

When the decision is made to select a medication, care is necessary to
screen the drug regimen for potential drug–drug and drug–food interac-
tions; age- or gender-related metabolic or pharmacologic considerations;
incidence and severity of side effects; tolerance effects over time; relation-
ship to placebo effects; and comparability to other, nonmedication-related
treatments (Nies, 2001). Poor decision making can result in prescribing that
fails to help the patient or causes harm. Even if the correct decisions are
made in determining the medication regimen, poor communication of pre-
scription orders in any format (written, oral, electronic) can lead to serious
adverse drug events (Cohen, 2000; USP, 2004).

A number of studies have cited prescribing as a principal source of
overall medication errors, estimating incidence rates of 18.9 to 58.4 percent
(Bates et al., 1995; Lesar et al., 1997; Gurwitz et al., 2000; USP, 2004). The
numerous types of prescribing errors identified in the literature include the
following (Lesar et al., 1990):

• Failure to alter drug therapy in patients with impaired renal or he-
patic function.

• Failure to notice a patient’s history of allergy to the prescribed drug
class or missing critical information about a patient’s known drug allergies.

• Use of the wrong drug name (e.g., sound-alike or look-alike names),
wrong dosage form (e.g., intramuscular versus intravenous injection), or
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BOX 2-4
Off-Label Use of Medications

Unlicensed use of medications is common when a health care need for a pa-
tient or patient population is not met by currently available therapies. A licensed
medication (i.e., one that has received regulatory approval) is used off-label when
prescribed by clinicians in a manner that they deem medically appropriate, but that
is outside the agreed-upon statement of the medication’s efficacy (Dick et al.,
2003). Examples include administration by a different route, use outside a defined
age range, use of a higher or more frequent dose, and prescription for a different
indication. Unlicensed use includes modifications to a licensed medication, such
as dispensing in a different formulation (e.g., crushing tablets to prepare a suspen-
sion); new medications available under a special manufacturing license; use of
chemicals as medications (e.g., chemotherapy agents); medications used before a
license is granted (e.g., those under an IND); and imported unlicensed medica-
tions (Dick et al., 2003). Although the FDA does not regulate off-label use, it can
regulate the promotion of such uses (Loder and Biondi, 2004). Federal law and
state insurance commissioners have attempted to define acceptable off-label use
to prevent insurers from refusing to pay for such treatment. In 1990, the Omnibus
Budget Reconciliation Act (OBRA) confirmed that “medically accepted indication”
includes off-label use and should be supported by one of the following:

• American Hospital Formulary Service drug information
• American Medical Association drug evaluations
• United States Pharmacopeia drug information
• Scientific studies published in the peer-reviewed literature

Estimates of off-label medication use range from 20 to 60 percent, depending
on the drug and patient population (Dick et al., 2003; NCI, 2004; Murphy, 2005).
Off-label prescribing occurs most frequently with pediatric, oncology, obstetric, and

wrong abbreviation (e.g., “qd” [every day] instead of “qid” [4 times per
day]).

• Incorrect dosage calculations, including wrongly placed decimal point
and wrong rate, frequency, unit of measure, or route of administration.

• Wrong patient (i.e., faulty patient identification checking).
• Failure to prescribe when there is an indication (e.g., omission of

beta-blockers post–acute myocardial infarction) or prescribing without an
indication (e.g., use of antibiotics to treat the common cold).

• Other factors, such as failure to assess drug–drug or drug–food in-
teractions or duplicative therapies (Lesar et al., 1997; Dean et al., 2002;
Bobb et al., 2004; USP, 2004).

Prescribing errors are attributed chiefly to the provider’s insufficient
knowledge about the medication and its correct use or about the patient
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(e.g., incomplete medical history), miscommunication among providers
(e.g., illegible handwriting on written orders, misunderstanding of verbal
orders, mistakes using electronic ordering), lapses in provider performance
(e.g., nonadherence to policies and procedures, slips or memory lapses),
and lapses in documentation (e.g., incomplete charting) (Cohen, 2000; IOM,
2000, 2004c; Phillips et al., 2001; USP, 2004). More specifically:

• Errors related to medication knowledge may be the result of gaps in
timely access to drug information at the point of care, in understanding of
the complexities of the use of specific drugs, and in access to comprehensive
knowledge bases needed to build expertise in drug therapy (Lesar et al.,
1997). Also, in some cases information that would be useful in preventing
errors (e.g., the correct dose of aspirin to prevent coronary heart disease)
does not exist.

AIDS patients, although it is by no means limited to these populations. The highest
rate of such uses is with pediatric patients (Murphy, 2005). Up to 90 percent of
these patients (especially neonates) are prescribed at least one drug off-label
(Jong et al., 2001; Lifshitz et al., 2001) based on the modification of adult formula-
tions, dosage strengths, and dosage levels (Jong et al., 2001). Published informa-
tion from pediatric trials of other drugs and the clinical experiences of other physi-
cians also are relied upon for decision making. While necessary, such methods
can underscore the important differences between adults and children in develop-
ment and the metabolism and excretion of a particular drug, increasing the risk of
an adverse drug event (Christensen et al., 1999; Jong et al., 2001). Some drugs
are now tested in pediatric populations, but significant ethical concerns about such
testing mean that off-label use of drugs will continue to be necessary to meet the
needs of these patients.

The second-largest rate of off-label use occurs with oncology patients (Poole
and Dooley, 2004; Kos, 2005). A survey of oncologists found that 60 percent of
these clinicians prescribe off-label for cancer patients who may require drugs ap-
proved for a different type of cancer or a different disease, or at different dosages,
frequencies, or duration from those approved (NCI, 2004). One study found that
about one-third of oncology prescriptions were off-label, and more than 50 percent
of oncology patients received at least one drug off-label (NCI, 2004). Off-label use
is common in oncology because cancer drugs rarely receive generalized approval,
but are approved for a specific biological target or a particular type of tumor. Once
the drug is on the market, however, further research and off-label use may demon-
strate its action on different targets present in other types of cancer (NCI, 2004).
Conversely, the side effects of cancer drugs can vary depending on the type of
cancer being treated, such that the risk of an adverse event or reaction can in-
crease when the side effects of an off-label use are unknown.

Because medical needs of certain patient populations cannot be met with ap-
proved uses of many medications, off-label prescribing will continue to be an im-
portant part of clinical practice.
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• Incomplete medical histories contribute to prescribing errors. Many
patients fail to list all the medications they are taking (e.g., OTCs, dietary
supplements), or the provider may forget to ask about known drug allergies
or to review laboratory data that would further improve prescribing for the
patient (Lesar et al., 1997; Smith et al., 2005).

• Poorly handwritten prescription orders are the chief culprit in mis-
communications among prescribing clinicians, nurses, and pharmacists, and
have often resulted in serious injury or death due to incorrect understand-
ing of the drug or its dosage, route, or frequency (Cohen, 2000).

• Although widespread use of computerized provider order entry or
electronic prescribing systems has the potential to reduce errors associated
with poorly handwritten prescriptions, errors can still occur in the interac-
tion between the clinician and the technology as a result of issues in such
areas as usability, readability, training, and suboptimal system safeguards
(Horsky et al., 2005). Indeed, one study found that computerized provider
order entry systems facilitated 22 different types of errors8 (Koppel et al.,
2005).

• Oral orders (e.g., those given over the phone to a pharmacy or
between clinicians involved in emergency care) can result in an error if, for
example, product names sound alike; dosages are unclear (e.g., “two 50
milligrams,” which can be interpreted as 250 milligrams instead of 100
milligrams); or concentrations are not specified (Cohen, 2000).

• Performance lapses, or slips, can occur when a provider sets out to
do one thing and actually does something else. Such lapses can be due to a
lack of focus on the task at hand, distracting conversations (e.g., talking
and listening to others talk about things unrelated to the task), interrup-
tions, a poor working environment (e.g., high noise levels, low lighting),
poor workflow (e.g., workflow that is not logical), and uneven workload
(e.g., too little or too much) (Davis, 1996).

Self-Prescribing

During self-care with OTC products and dietary supplements, the con-
sumer (or a family member) is responsible for prescribing based on his or
her own (or the family member’s) assessment and diagnosis of the condi-
tion. Determining which medication or supplement to take can be based on
a review of labels and comparison of products deemed appropriate; the

8Examples include fragmented displays that prevent a coherent view of the patient’s medi-
cations, pharmacy inventory displays mistaken for dosage guidelines, ignored antibiotic re-
newal notices placed on paper charts rather than in the computerized system, separation of
functions that facilitate double dosing and incompatible orders, and inflexible ordering for-
mats generating wrong orders (Koppel et al., 2005).
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suggestion or experience of a family member, friend, community pharma-
cist, or community provider; and/or advertisements. Primary sources of
information for selecting OTCs and dietary supplements vary according to
the population group. A 2001 survey by the Consumers Healthcare Prod-
ucts Association, the industry trade group, found that consumers seek ad-
vice in treating minor ailments from family and friends first (27 percent),
followed by physicians (20 percent), medical reference books (10 percent),
pharmacists (7 percent), and the Internet (7 percent) (RSW, 2001). Gener-
ally, older Americans are much more likely than their younger counterparts
to rely on their health care provider, regardless of the seriousness of their
health condition (RSW, 2001). Individuals with lower incomes are more
likely to rely on providers for recommendations, while those with higher
incomes are more likely to turn to the Internet. Likewise, individuals who
use dietary supplements (and alternative medicines) for minor ailments are
significantly more likely than those who do not use dietary supplements to
seek information from family and friends (25 percent), medical reference
books (13 percent), and newspapers/magazines (8 percent) (RSW, 2001).
Although pharmacists did not rank as the first choice for health-related
information, an overwhelming majority of Americans (84 percent) agree
that they are a good source of information for treatment of minor ailments.

A debatable issue concerns the ability of consumers to understand and
use product labels when deciding to take an OTC or dietary supplement.
The pharmaceutical industry asserts that an overwhelming majority of con-
sumers take the necessary precautions, such as reading directions before
using a product for first time use (95 percent), examining labels to help
choose medications (89 percent), and reviewing possible side effects and
interactions (91 percent) (RSW, 2001). This is an improvement over figures
cited in an earlier poll by Harris Interactive (NPSF, 1997) that found only
20 percent of consumers read the label for side effects before making an
OTC purchase, and 77 percent do not read the dosage instructions at all
(Cropper, 2005). Language and literacy barriers exacerbate problems with
consumers’ understanding and use of drug labels (IOM, 2004a).

Transcribing

Once the drug regimen has been determined, orders from the prescrib-
ing clinician are sent to the pharmacy and, in the hospital setting, the
nurses’ station for processing. Transcription is the official term used to
describe the complex set of tasks involved in interpreting and processing
orders. Many medication errors are associated with the transcription pro-
cess, particularly if a drug name looks or sounds like that of another drug
or is illegible. In the order, the clinician must provide complete details on
the drug regimen (patient name, drug name, dosage, formulation, route,
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frequency, units, flow rates, duration, reconstitution information) (Manasse
and Thompson, 2005). Prior to processing, both the pharmacist and as-
signed nurse must communicate directly with the ordering clinician if there
is even the slightest question concerning any aspect of the drug regimen or
its clinical appropriateness (Cohen, 2000).

Because health care institutions and pharmacies vary widely in the
extent to which they have implemented information technology, varying
different methods are used to send medication orders to the pharmacy in
the inpatient setting. Some pharmacies receive orders in written or typed
form via fax, scanned image, a vacuum tube system, or carbon copies of the
original; others may receive orders through a state-of-the-art computerized
provider order entry system (Manasse and Thompson, 2005). Community
pharmacies generally receive orders via fax or handwritten prescription or
orally over the phone. Oral orders warrant greater caution given the ease
with which miscommunication can occur, and should be read back, with
spelling of the drug name and dosage, to the clinician (Cohen, 2000;
Allinson et al., 2005). All health care organizations and pharmacies should
have guidelines (e.g., readback of all verbal orders) in place to reduce the
possibility of errors occurring in the transcription process (Cohen, 2000).
While computerized provider order entry systems have been promoted as
the primary method for reducing errors in transcription because they elimi-
nate handwritten prescriptions, other factors, such as improved processes
for drug naming to minimize look-alike, sound-alike names, also could
improve the transcription process (see Chapter 6).

Preparing and Dispensing

Following transcription, the pharmacist begins the preparation and
dispensing process. Entry of orders into the pharmacy database system
allows for automated screening of orders for therapeutic duplications,
drug interactions, allergies, or doses that are not within an acceptable
range; if therapeutically appropriate, screening the order against the
patient’s laboratory test results can avert potential adverse events (Manasse
and Thompson, 2005). About 91 percent of hospital or health system
pharmacies have a computerized database system, and 87 percent have
access to patient admission, discharge, and transfer data through links in
the database (Ringold et al., 1999). If changes need to be made for thera-
peutic reasons or in response to a supply shortage, the pharmacist may do
so only with the approval of the prescriber, and all of the initial steps in
processing must be repeated. If pharmacists do not know all the drug-
related products (i.e., prescription, OTC, dietary supplements) a consumer
is taking, however, their ability to perform drug interaction checking is
inhibited in both the inpatient and community setting. Interaction check-
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ing can be particularly difficult when consumers use multiple pharmacies
to fill their prescriptions and fail to communicate this to each pharmacy.

Depending on the specific order and patient, preparation of the medica-
tion may require counting, measuring, or compounding (mixing of ingredi-
ents); repackaging (e.g., unit doses); and labeling. Activities associated with
preparation present the greatest opportunity for error within the pharmacy
(Manasse and Thompson, 2005). Most inpatient errors involve selection/
dispensing of an incorrect drug (e.g., because of sound-alike, look-alike
names or packaging), dosage strength (e.g., incorrect dilution), formulation
(e.g., tablet versus intravenous), or dosage calculation (e.g., incorrect calcu-
lation of flow rate for intravenous medication) (Cohen, 2000; Phillips et al.,
2001). Outpatient errors tend to center on incorrect drug labeling informa-
tion (e.g., use or administration of the drug) (Buchanan et al., 1991; Flynn
et al., 2003).

During preparation, a large percentage of oral and injectable medica-
tions used in the inpatient setting require further manipulation (compound-
ing and/or repackaging) prior to administration, increasing the risk of er-
ror. Most drugs are licensed for adult use; reformulation and compounding
are most often necessary to treat neonates or pediatric patients who cannot
swallow tablets or capsules and require dosage concentrations and formu-
lations tailored to their age, body weight, and body surface area (Nunn,
2003). Adult patients with a rare condition for which an orphan drug9 is no
longer manufactured may require the pharmacist’s expertise to compound
and formulate a medication from chemicals and ingredients available only
in bulk (Kastango, 2003). Also, repackaging is common for inpatient facili-
ties so as to provide medications in unit doses and thereby minimize dose
manipulation and errors at the bedside. Currently, 79 to 99 percent of
hospital pharmacists repackage oral medications, and 29 percent repackage
injectables (Cohen, 2000; Pedersen et al., 2003). However, new federal
regulations to go into effect in 2007 require manufacturers (or third-party
repackagers) to provide all products to hospitals in unit dose form with bar
codes (FR, 2004b). In a further effort to decrease errors, some hospitals
also use decentralized automated dispensing systems (e.g., ward-based cabi-
nets) for storing certain medications that are in unit dose form (e.g., narcot-
ics, as-needed drugs, limited floor stock) (Cohen, 2000). These systems can
be accessed by nurses with “swipe cards” or personal identification num-
bers. Finally, a growing number of community-based and most mail order
pharmacies are using automated dispensing systems, including centralized
systems that can produce unit doses (e.g., via strip or envelope packag-

9An orphan drug is a product that is used in the diagnosis or treatment of diseases or
conditions considered rare in the United States.
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ing),10 or that use bottle-filling machines; others are experimenting with
decentralized systems that rely on prefilled bottles and manufacturer-
packaged items (Cohen, 2000).

Patient counseling in a pharmacy provides an opportunity for the phar-
macist to inform the patient about his/her medications, encourage medication
adherence, and answer any questions the patient may have. In the OBRA of
1990 (P.L. 101-508), Congress required that pharmacists counsel Medicaid
patients. Since then, boards of pharmacy in most states have come to require
some type of counseling for all patients (NABP, 2004). For many reasons
(e.g., low patient demand, lack of cost-effectiveness data, time constraints,
lack of reimbursement), however, pharmacies often offer counseling only as
requested by a consumer. A study of 100 prescription orders dispensed in
1994 in community pharmacies in New Jersey, New York, and Florida found
that oral counseling had been provided to 64 patients, covering on average 3
of the 14 categories11 (i.e., dosage, frequency of administration, drug or food
interactions) of drug information required by OBRA 1990 (Allan et al.,
1995). Similar results were observed in a more recent, larger eight-state
study. In this study, about two-thirds of consumers had been given oral
information—on average 2.3 items from a 5-item list (Svarstad et al., 2004).
The study also found that higher levels of pharmacist counseling were associ-
ated with younger pharmacists, less busy pharmacies, and more demanding
state regulations. In terms of mail order pharmacies, counseling is generally
available as requested by telephone.

Dispensing errors account for an estimated 6–12 percent of all medica-
tion errors (Buchanan et al., 1991; Allan et al., 1995; Flynn et al., 2003).
Research suggests that the main causes of such errors are issues concerning
workload and staffing, distractions during processing, suboptimal packag-
ing and labeling, poorly designed work areas, and outdated or incorrect
drug reference information (Cohen, 2000; Phillips et al., 2001). A review of
the literature reveals that:

• Failure to double-check orders, medication, and labels is a common
cause of dispensing errors.

10With strip and envelope packaging, instead of a 30-day bottled prescription containing 30
tablets (1 per day), a 30-pack “compliance strip” contains 1 pill per pack. Each pack contains
the patient’s name, the drug and its dose, and the date and time it is to be administered.

11The 14 categories for pharmacy counseling established by the Omnibus Budget Reconcili-
ation Act of 1990 are drug name; use of medication; dosage (how much); route of administra-
tion; frequency of administration; duration of therapy; special directions, procedures for
administration; side effects; drug or food interactions; disease state effects; storage; refills;
directions if dose missed; and self-monitoring techniques (Allan et al., 1995).
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• High workload/low staffing is the primary contributing factor
to medication errors associated with preparing and dispensing medications
in both community and institutional settings (Davis and Cohen, 1994;
Roberts et al., 2002).

• Interruptions (temporary cessation of prescription filling) and dis-
tractions (external stimulus without cessation of prescription filling) are
highly correlated with dispensing errors (Flynn et al., 1999). Error rates per
half hour of 6.65 percent for interruptions and 6.55 percent for distractions
were found, with incorrect instructions to the patient being the most com-
mon error. About 26 percent of pharmacists’ time is spent dealing with
issues (interruptions) related to third parties and miscellaneous administra-
tive tasks (NACDS, 1999).

• Product labels are often read under less-than-ideal conditions, and
the way a medication is packaged and labeled can have a significant impact
on error rates. Problematic aspects of packaging and labeling include look-
alike packaging, obscure placement of critical safety information, and print
that is too small and lacks sufficient distinctions in contrast or boldness
(Cohen, 2000; Phillips et al., 2001; IOM, 2000, 2004c; USP, 2004).

• Improper lighting, inadequate counter space, poor placement of tele-
phones, and uncomfortable temperature and humidity create a work area
that can negatively affect workflow from one task to another and contrib-
ute to errors caused by clutter or contamination (Cohen, 2000).

• Drug reference files, texts, and/or database systems may not be cur-
rent, resulting in errors associated with outdated and incorrect information
(Cohen, 2000). Constant updating of drug information is particularly criti-
cal to patient safety given the limited data available when medications enter
the market and the amount of new data on medications already in use
among the population.

Administering and Consumption

Nurses have primary responsibility for administering medications in
acute care hospitals, in long-term care facilities, and during home care. In
certain instances, a nursing assitant/technician may be permitted to admin-
ister selected medications (Munroe, 2003; Castle and Engberg, 2005). In
many of these settings, the environment for nurses is demanding, character-
ized by long work hours, staffing shortages, high patient and staff turnover,
and constant interruptions (O’Shea, 1999; IOM, 2004b; Jenkins and Elliott,
2004; Suzuki et al., 2005). Accurate administration of medications can be
challenging in this environment.

Tasks associated with preparing medications for administration can
range from simple retrieval of a unit dose from a ward-based automated
dispensing system to reconstitution of a powder with a sterile diluent
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(Cohen, 2000; Kastango, 2003; IOM, 2004b). Most medications are now
administered in unit dose form to minimize the amount of compounding by
nurses. Ideally, medications should be kept in the dispensing container and
in their individual packages until they reach the bedside so as to decrease
the risk of their being confused with another patient’s drug. In addition, it
is standard practice for the drug label to be read three times prior to
administration—when obtaining the drug from the storage area; when pre-
paring the dosage at the bedside; and after administration, when discard-
ing the package (Cohen, 2000; Manias et al., 2005)—although there is
some support for registered nurses’ competence to perform single-checking
(Jarman et al., 2002). Averting errors also requires careful attention to
dosage and route when preparing medications. For example, pediatric and
chemotherapy doses should indicate milligrams per kilogram (mg/kg) or
milligrams per meter squared (mg/m2) in order to leave little margin for
error (Cohen, 2000). Nurses must also ensure that drug infusion or admin-
istration devices are functioning properly and programmed accurately to
ensure that the dose and infusion rate are correct (Smetzer, 2001; Fields and
Peterman, 2005; Nicholas and Agius, 2005). These nursing activities are
indispensable to patient safety.

Perhaps most important, the nurse is often the last professional to
evaluate the appropriateness of the medication that has been prescribed. In
fact, a study of medication errors found that nurses were responsible for
intercepting 86 percent of all errors made by physicians, pharmacists, and
others involved in providing medications for patients (Leape et al., 1995).
Nurses’ involvement and vigilance during the preparation process is thus
central to accurate medication administration.

Medication administration is founded on what are termed the “five
rights”—the right drug, in the right dose, by the right route, at the right
time, to the right patient (Manias et al., 2005; Nicholas and Agius, 2005;
Schull, 2005; Manasse and Thompson, 2005). While achieving the five
rights is essential to safe medication administration, more complex factors
must also be considered to ensure positive outcomes. First, medications can
be administered via a number of different routes and formulations—oral
tablet, capsule, or liquid; intravenous solution; intramuscular injection;
inhalant; eye/ear drops; topical cream or solution; transdermal patch; or
other means—depending on the patient, drug, and condition. Without at-
tention to this issue, for instance, a liquid intended for oral dosing might be
administered intravenously. Excessive variations in dosing regimens (e.g.,
multiple sliding scales for insulin dosing, as needed), use of high-risk drugs
(e.g., anticoagulants, narcotics), and the proliferation of new drugs and
devices add significantly to the intricacies of the administration process
(Greengold et al., 2003; USP, 2003). In addition, the severity of a patient’s
medical condition and the presence of comorbidities further increase the
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challenges to evaluating the safety and appropriateness of a medication that
has been ordered (IOM, 2001). Relative to the other points along the
medication-use continuum, the administration process has the fewest safe-
guards and fewest support mechanisms, and it often relies on a single health
care professional for perfection (Cohen, 2000; IOM, 2003, 2004b).

Several inpatient facilities are beginning to implement bar code medica-
tion administration systems to increase assurance that the five rights are
being achieved (IOM, 2002; Patterson, 2003; FR, 2004b; Burke et al.,
2005). The bar codes placed on unit doses of medications are encoded with
the patient’s name, drug, dose, route, and time of administration. Bar code
scanners (placed in each patient’s room) are linked to computerized data-
bases containing the patient’s drug regimen. The database may be cross-
linked to other health information systems, such as a patient identification
master file, an order entry system, and/or the pharmacy database (FR,
2004b; Nicholas and Agius, 2005). The nurse scans the bar code on the
medication package and the patient’s identification wristband, allowing the
system to determine whether there is a match. Following a confirmation
signal, the nurse administers the medication. If there is an alert, the nurse
stops the process from going forward, preventing a potential medication
error. Because medication administration is a high-volume activity, bar
code medication administration systems can provide needed support to
nurses during clinical care. They also generate data for the medication
administration record (MAR).

Maintenance of an accurate MAR is essential to safety and quality of
care (IOM, 2004b). This record serves as a log of all medication-related
activities for each patient. Entries are made immediately after a dose has
been administered to minimize errors of omission (Cohen, 2000). MARs
also document that medications were given in a timely manner for the
correct indications. Expanded records are usually reserved for high-risk
drugs (e.g., anticoagulants, cardiac drugs, insulin) so as to record important
variables affecting administration (e.g., international normalized ratio
[INR], used to measure prothrombin time). All medications are typically
documented consistently in one place for ease of reference by the team of
health care providers that may be caring for a patient. The MAR also serves
as a reference in the event of a medication error (Gladstone, 1995; Wakefield
et al., 1999). In some cases, third-party payers have reviewed the MAR to
look for inconsistencies and gaps in treatment and to find evidence for
denying payment.

The types of errors associated with administration-related mortality
include (1) dosing errors (40.9 percent, 36.4 percent of which were over-
doses); (2) incorrect drug (16 percent); and (3) incorrect route (9.5 percent)
(Phillips et al., 2001). Causes of administration errors include miscommu-
nications, miscalculations, workload/staffing problems, interruptions, rapid
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increases in knowledge and technology demands, and incomplete documen-
tation (IOM, 2004b).

• Miscommunications during medication administration generally re-
sult from errors in transcribing oral or written orders (e.g., prescriber fails
to insert a zero before a decimal point), reading product names (e.g., look-
alike, sound-alike), or labeling (e.g., similar or misleading container labels)
(Donohue and Needleman, 1998; Phillips et al., 2001). Commonly used
abbreviations for drug names, dosage units, and references to timing of
administration cause many medication errors (e.g., the abbreviation “U”
for units of insulin can be read as a zero, leading to an overdose) (Cohen,
2000). Also, only the metric system should be used in the MAR, and
apothecary symbols and terms that can easily be misinterpreted should be
avoided.

• Miscalculations of medication dosages are often due to the com-
plexity of drug protocols (e.g., for cancer chemotherapy), the need for
speedy action in emergency situations, marketing of multiple concentra-
tions of drug products, and the availability of highly concentrated drug
products on nursing units (e.g., those that are intended only for com-
pounding infusions but that might be given undiluted) (Phillips et al.,
2001; Fields and Peterman, 2005).

• As noted above, the work environment for nurses can contribute to
medication errors (O’Shea, 1999; IOM, 2004b; Jenkins and Elliott, 2004).
As the numbers of available hospital beds and lengths of stay have de-
creased, patient turnover rates have risen (some by 40–50 percent in an 8-
to 10-hour period), increasing the workload of hospital nurses even as
funding reductions and resulting work environment dissatisfaction have led
to inadequate staffing (Norrish and Rundall, 2001). High rates of nursing
staff turnover (21.3 percent per year for hospitals and 56 percent for long-
term care facilities) have adverse consequences for staffing levels, quality of
care, and patient safety (AHCA, 2002; The HSM Group, 2002). Although
most nursing shifts are 8–12 hours, mandatory overtime and double shifts
contribute to nursing-related medication administration errors (IOM,
2004b).

• Distractions and interruptions as nurses carry out their primary pa-
tient care responsibilities increase the potential for adverse events, such as
errors in patient identification as a nurse prepares doses for more than one
patient. Many distractions and interruptions are associated with added
tasks that nurses undertake during staffing shortages, such as delivering
and receiving food trays, performing housekeeping tasks, transporting pa-
tients, and performing ancillary services (e.g., delivery of medical supplies,
blood products) (IOM, 2004b). Distractions also result from the fact that
patients hospitalized today have less stable health conditions than they did,
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on average, when longer hospital stays were the norm. Thus, nurses often
must respond to the health crises of some patients, which distract them
from timely and thoughtful medication administration to others.

• The growth of a rapidly expanding knowledge base in clinical care,
drugs, devices, and health information technology is forcing changes in the
work nurses are asked to perform (IOM, 2004b; Nicholas and Agius, 2005).
Appropriate levels of training, continuing education, reconditioning of
workflows, and support mechanisms are necessary to minimize medication-
related errors (Gladstone, 1995). This includes improved familiarity with
less common medications, attention to commonly used medications to
which many patients are allergic (e.g., antibiotics, nonsteroidal anti-
inflammatory drugs), and more vigilant follow-through on medications
that require monitoring to ensure proper dosing (e.g., warfarin, lithium,
digoxin) (Woods and Johnson, 2002). Technologies that provide ready
access to this information are essential.

Self-Administration

From the perspective of consumers, the most common types of medica-
tion errors are associated with administration of wrong dosages; unneces-
sary medicating; adverse drug reactions, including drug–drug interactions;
and nonadherence. Errors occur from overdosing or underdosing as a result
of inadequate instructions and use of inconsistent or improper measuring
devices. For example, the household teaspoon is the device used most fre-
quently for measuring liquid medication for home administration, instead
of a dosing syringe. Common errors also include misinterpreting instruc-
tions, confusing teaspoons with tablespoons on a medicine cup, and mis-
reading a dosage chart when the weight is not typical for a particular age
group (Madlon-Kay and Mosch, 2000). One study found that acetamin-
ophen (Tylenol) dosing by parents was inaccurate 73 percent of the time,
resulting in ineffective fever control and increased emergency room visits in
two-thirds of cases (Gribetz and Crunley, 1987). A recent article reported
that two infants died from suspected overdoses of an OTC cold medicine
(Presecky, 2006). The cold medicine had been administered with a 1 mg
eyedropper provided in the product package. The dosage for the infants
was 0.2 mg (two-tenths of one dropper) but was misunderstood to mean 2
droppers full of medicine. The probability of medication dosing errors is
greatly increased with high-risk medications that have complex dosing regi-
mens, such as oral chemotherapy agents, oral anticoagulants, opioids, and
insulin (Watzke et al., 2000; Grissinger et al., 2003; Hartigan, 2003). These
drugs have narrower therapeutic indices, meaning there is less margin for
error, and the consequences of error may be more devastating (Cohen,
2000). Many dosing errors could be avoided with the use of more accurate
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devices, such as oral dosing syringes; color coding of age–weight dosing
zones, particularly for liquid medications administered to children; and
better presentation of use information and safety warnings (Frush et al.,
2004).

Other types of dosing errors are associated with the frequency or dura-
tion of treatment. One study found that only 38 percent of patients cor-
rectly administered medications when instructed to do so every 6 hours;
most thought they were to consume the medication every 6 hours when
awake and thus to take three rather than four doses (Madlon-Kay and
Mosch, 2000). In other cases the prescriber may write “q6h,” the abbrevia-
tion for every 6 hours, when intending that the patient take the medication
three times per day. Additionally, unnecessary use of antibiotics for the
wrong infections or when no infection is present and not taking all doses
through the prescribed treatment duration are important factors contribut-
ing to antimicrobial resistance (Davey et al., 2002).

Monitoring for Effects

Monitoring (also referred to as assessment, evaluation, observation,
and surveillance) involves obtaining and evaluating clinical indicators and
other relevant information to determine a drug’s effect in an individual
patient (Knowlton and Penna, 2003). Monitoring for desired and undesired
effects is a crucial step in the care process and in the prevention or detection
of adverse drug events. In every setting in which care is delivered—ambula-
tory care sites, hospitals, schools, workplace health sites, home health care,
and nursing homes—assessment and monitoring is a primary responsibility
of licensed nurses (IOM, 2004b). Pharmacists also may play a role in
assessing beneficial or adverse effects during inpatient care, as may patients
(including family members) in ambulatory and self-care.

At its best, monitoring is individualized, taking into consideration that
different patients may experience different therapeutic results and outcomes,
and it is responsive, correcting the regimen if an adverse effect is found
(Knowlton and Penna, 2003). Assessing the effect of medications can be
accomplished through direct observation of the patient, use of monitoring
devices, and/or information technology (e.g., predefined triggers in a labo-
ratory database) (Forester et al., 2004; Manasse and Thompson, 2005).
The type and frequency of patient monitoring activities vary by care setting,
clinical condition, and other characteristics of the patient (IOM, 2004b).

In acute care hospitals, bedside monitoring of the patient’s condition
prior to, during, and following medical procedures such as initiation of new
medications, surgery, or a course of medical therapy typically includes
monitoring vital signs (i.e., temperature, heart rate and rhythm, breathing
rate and character, blood pressure), airway, risk/presence of infection, fluid
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intake and output, electrolytes, and pain (Bulechek et al., 1994). In inten-
sive care units, monitoring is more frequent, more often invasive, and tech-
nologically complex (IOM, 2004b). In long-term and home care, other
patient characteristics are observed and evaluated to determine the response
to medications, including cognition, communication, vision, mood and be-
havior patterns, psychosocial well-being, and ability to perform daily care
activities (e.g., grooming, bathing). Results of patient monitoring and any
adverse effects are documented in the patient’s medical record. For nursing
homes and home health services, these assessments must be completed by
licensed nurses according to federally prescribed guidelines to comply with
federal regulatory and reimbursement requirements (i.e., Medicare) (ANA,
1998; IOM, 2004b).

Medical devices designed for patient monitoring range from small,
wearable devices that monitor a single physiological parameter, such as
blood pressure, to complex devices (e.g., respiratory oximeters, electrocar-
diograms) that measure a variety of parameters and transmit them elec-
tronically to a central monitoring station. Changes in physiological re-
sponses detected with these devices can signal a nurse that the patient may
be experiencing an adverse drug reaction. For example, a heart monitor
may detect an inappropriate change in heart rate or rhythm after adminis-
tration of a cardiac drug. Medication infusion devices, such as smart pumps
and patient-controlled analgesia machines, go a step further and maintain a
record not only of medications administered, but also of errors that may
have occurred. In addition, telemedicine and remote patient monitoring
devices that are connected to specialized computer modems and can reli-
ably measure and transmit physiological data (e.g., blood pressure, heart
rate, blood glucose level) are a growing method of care management sup-
porting providers and patients in rural settings (inpatient, ambulatory,
home/self-care) (Field and Grigsby, 2002).

The ability of pharmacists to monitor the effectiveness of drug therapy
through computerized pharmacy and laboratory database systems has been
an important advance in assessing patient responses to medications, espe-
cially in inpatient settings (Knowlton and Penna, 2003). Linkage of these
systems enhances opportunities for improved monitoring through evaluation
and review of drug appropriateness, drug dosages, drug–drug interactions,
drug–allergy conflicts, drug blood serum concentrations, and metabolic re-
sponses, particularly for potent medications with narrow therapeutic indices
(Armstrong, 2000; Knowlton and Penna, 2003; Schiff et al., 2003). Elec-
tronic medical records with event-driven surveillance systems are able to
monitor patients around the clock and have been shown to detect some
adverse drug events early enough to prevent their progression from mild or
moderate to severe (Classen et al., 1991; Evans et al., 1991, 1994; Jha et al.,
1998; Bates and Gawande, 2003). These systems monitor specific signals
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from laboratory results, medication orders, information on vital signs, drug
levels, and text reports to identify patients experiencing possible adverse drug
events. Pharmacists then follow up on high-risk patients. Patient monitoring
could be further improved through the incorporation of linked pharmacy and
laboratory data into electronic order entry and real-time decision-support
technologies, although issues concerning alert mechanisms must be resolved
if this potential is to be realized (Schiff et al., 2003). In addition, recognition
of the benefits of the pharmacist’s involvement in medication monitoring is
extending beyond the inpatient setting to home health care, nursing homes,
and community care (Knowlton and Penna, 2003).

It should be noted that susceptibility to adverse reactions is greatly
increased in patients with multiple health conditions taking multiple medi-
cations. This is a growing problem for the elderly and others with chronic
illnesses receiving care from several clinicians who may fail to coordinate
medication treatment. On average, Medicare enrollees with chronic condi-
tions are seen by eight different physicians or other providers during the
course of a single year (Anderson and Knickman, 2001). Studies of medica-
tion errors among the elderly (Gurwitz et al., 2003, 2005) found that in
both hospital and ambulatory care settings, monitoring errors were attrib-
utable to inadequate laboratory monitoring of drug therapies, or to a de-
layed response or failure to respond to signs and symptoms of drug toxicity
(36 percent) or laboratory evidence of drug toxicity (37 percent) (Gurwitz
et al., 2003, 2005). The most common preventable adverse effects from
these monitoring errors were electrolyte/renal, gastrointestinal tract, hem-
orrhagic, and metabolic/endocrine events. Patient adherence was a contrib-
uting factor in 20 percent of the cases studied (Gurwitz et al., 2003).
Another study of four primary care practices found that 25 percent of
patients experienced an adverse drug event over a 3-month period (13
percent of these events were serious, 39 percent were preventable, and 6
percent were both serious and preventable) (Gandhi et al., 2003). The
events were attributed to poor communication—the physician’s failure to
respond to symptoms reported by the patient or the patient’s failure to
report symptoms to the physician.

Using the methods noted above, the overarching goal of monitoring is
the early detection of a downturn in a patient’s health status or the occur-
rence of an adverse event and the initiation of activities to restore the
patient’s health (IOM, 2004b). Drugs may cause adverse effects in patients
for a variety of reasons. For example, a drug may be highly potent and toxic
at therapeutic doses, a drug may interact in an unforeseen way with another
drug or a food product, a patient may have a particular sensitivity to a
drug, a wrong drug or improper dosage may be administered, or a drug
may be improperly manufactured (Noah and Brushwood, 2000). The signs
and symptoms of an adverse reaction may be unpredictable (e.g., a skin
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rash or anaphylaxis); foreseeable (e.g., nausea with chemotherapy); or un-
anticipated because they arise from errors in prescribing, dispensing, or
administering (Noah and Brushwood, 2000). Regardless of the cause, as
discussed above, nursing surveillance is critically important in preventing,
identifying, and recovering from adverse events (IOM, 2004b). In sum-
mary, medication safety and monitoring depend on the following (Noah
and Brushwood, 2000):

• Knowledge of results of laboratory tests that affect drug dosages.
• Knowledge of previously unrecognized adverse reactions.
• Knowledge of adverse reactions that were previously recognized and

were thought to be preventable, but are in fact not being prevented.
• Knowledge of previously recognized, unpreventable adverse reac-

tions that were thought to occur at acceptably low rates in light of the
drug’s anticipated benefit, but occur more frequently in practice than
anticipated.

Health care providers can enhance patient safety by welcoming the
involvement of patients and families, especially in monitoring care and
responses to medications. There should be no place in the health care
system where a surrogate is prevented from being present whenever a pa-
tient without full faculties is receiving medications.

Self-Monitoring

Self-monitoring of responses to OTCs, prescription medications, and
dietary supplements is an important aspect of good self-care and self-
management. Since most patients do not discuss their use of OTCs with
their primary care provider, they rely on their own judgment and product
labels for prescribing, administering, and monitoring their consumption of
these products (Simaon and Winkle, 1997; Frank et al., 2001). The greatest
concern with the use of OTCs is the possibility of interactions with other
products, mainly prescription medications, that can produce an adverse
reaction. Warnings about such interactions are often listed on product
labels, but difficulty in understanding the labels can increase the probability
of an error or adverse effect (Patel et al., 2002). Likewise, a growing litera-
ture documents interactions of complementary and alternative medicines
(including dietary supplements) with OTCs and prescription drugs (D’Arcy,
1993; Calis and Young, 2004). Thus, active self-monitoring is necessary for
those consuming these products to identify and prevent serious events.

Self-monitoring of physiological and psychological responses to pre-
scription drugs is even more critical to the identification of adverse events.
Insufficient self-monitoring and nonadherence to drug regimens are well-
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noted problems that can contribute to poor health outcomes, adverse events,
and emergency room visits (Sawicki, 1999; Cummings et al., 2000). Some
prescription medications have a particularly high propensity to drug and
food interactions; examples are warfarin, an anticoagulant, and monamine
oxidase (MAO) inhibitors, an (older) class of antidepressant. One study
found an abundance of adverse interactions between warfarin and com-
monly used medications and foods such as anti-infective agents, lipid-
lowering drugs, nonsteroidal anti-inflammatories, certain antidepressants,
anabolic steroids, fish oil, mango, green tea, and grapefruit juice, to name a
few (Holbrook et al., 2005). In total, 34 reports of major interactions were
confirmed in the study, as were 41 highly probable and 38 probable causa-
tions. Likewise, a wide range of drug and food interactions have been
reported with the use of MAO inhibitors (Livingston and Livingston, 1996;
NLM, 2005). Dangerous reactions such as sudden high blood pressure may
result when these agents are taken with certain drugs, foods, or drinks, such
as antihypertensives, asthma medicines, other antidepressants, cheese, poul-
try, fish, sausage, overripe fruit, alcoholic beverages, and high amounts of
caffeine (NLM, 2005). Individuals taking these medications have a difficult
time adhering to their regimens without adequate education and support
mechanisms.

A number of factors affect individuals’ ability to engage in illness self-
management such as their particular illness and life circumstances. Barriers
to self-management generally fall into three categories: knowledge deficits
(e.g., insufficient information, literacy issues); practical barriers (e.g., physi-
ological, functional, or financial constraints); and attitudinal factors (e.g.,
personal beliefs, culture, values, and experiences). These barriers are dis-
cussed extensively in Chapter 4.

Conversely, several studies have noted certain individuals’ ability, given
adequate education, to participate successfully in self-care and disease man-
agement for various health conditions, including diabetes, which requires
frequent self-monitoring of blood glucose levels to make adjustments
in self-administered insulin therapy; depression, which requires self-
assessment of changes in psychosocial affect resulting from prescribed medi-
cations; and cancer, which requires self-monitoring of adverse reactions to
powerful chemotherapy agents (Grissinger et al., 2003; Ikesue et al., 2004;
Schroeder et al., 2004). For example, self-monitoring of glucose levels and
strict adherence to insulin therapy or oral hypoglycemic agents, along with
extensive patient education, lead to major improvements in medical out-
comes and substantial decreases in long-term complications of diabetes
(Tamada et al., 1999). Similar positive results were found in initial studies
of patients receiving oral anticoagulation therapy (Sawicki, 1999). Self-
management support programs that emphasized use of portable capillary
whole-blood analyzers for regular testing of prothrombin time, together
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with structured patient education, improved the accuracy of medication
management and overall quality of life. However, additional studies are
needed to assess the impact of such self-monitoring on bleeding and throm-
boembolic complications. Given the growing prevalence of chronic condi-
tions in the U.S. population, investment in the development of well-
designed programs to assist patients with self-monitoring is essential to
achieving improvements in medication safety. (See Box 2-5 for a summary
of key problems with provider processes.)

ADVERSE EVENT REPORTING AND SURVEILLANCE SYSTEMS

Health care providers and safety agencies use error and adverse event
reporting programs to learn about potential safety risks and the circum-
stances of individual errors (Smetzer and Cohen, 2006). Currently, a wide
range of external reporting programs are available (IOM, 2004c; Smetzer
and Cohen, 2006). Some of the systems are voluntary, and others are manda-
tory; some receive data only on adverse events, while others receive reports
on all medication errors. These reporting programs include the following:

• Institutional error reporting programs such as the Veterans Admin-
istration Patient Safety Reporting System and the U.S. Pharmacopeia’s
MedMARx Program.

• Mandatory state reporting programs, for which almost half of states
require mandatory reporting of certain serious adverse events (Rosenthal
and Booth, 2005).

• Voluntary national reporting programs, such as the U.S.
Pharmacopeia–Institute for Safe Medication Practice Medication Errors
Reporting Program and the FDA’s MedWatch Program.

Reportable events include those due to practice-based errors (e.g.,
misadministered drug dosage), product safety issues (e.g., an adverse reac-
tion to a drug), or hazardous situations (e.g., confusing labeling). All of
these reporting systems currently utilize their own reporting formats. For a
serious adverse event that occurs in a hospital, this means that several
reports must be completed to meet the requirements for different reporting
systems. The lack of a common reporting format and terminology is a
significant factor that not only inhibits the reporting process, but also
prevents comparison of data across health care organizations and pooling
of data from different reporting programs. The IOM report, Patient Safety:
Achieving a New Standard for Care, discussed extensively the need for
common standards for patient safety reporting systems.
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BOX 2-5
Summary of Key Problems with Provider Processes

Affecting Safety and Quality in the Medication-Use System

Prescribing
• Individual provider’s insufficient knowledge of or experience with a

medication
• Insufficient knowledge base for determination of benefits and risks of off-

label prescribing
• Incomplete knowledge about the patient (e.g., incomplete history)
• Failure to assess potential drug–drug, drug–disease, or drug–lifestyle

(e.g., alcohol or illegal drug consumption) interactions; failure to note allergies to
medications

• Lack of linkages among providers (e.g., dose changed without notification
of pharmacist)

• Insufficent responsiveness to pharmacist concerns or questions about a
prescription

Transcribing
• Miscommunication among providers (e.g., illegible handwritten prescrip-

tion, misunderstanding of verbal order)

Preparing and Dispensing
• Problems with sound-alike drug names and look-alike drug names and

packaging
• Stressful and distracting work environments

Administration and Monitoring
• Lack of timely access to knowledge at the point of care (e.g., drug or

patient history or laboratory information)
• Lapses in performance (e.g., memory, adherence to guidelines, slips) due

to human factors
• Incorrect dosing due to confusion among medications
• Stressful and distracting work environments

Reporting
• Culture inimical to reporting; complex and time-consuming reporting

procedures

Self-Care
• Inappropriate demand for medications that are not clinically necessary

(e.g., antibiotics for the common cold)
• Insufficient understanding of medication instructions (e.g., language,

literacy, or cognitive barriers; not reading instructions)
• Nonadherence to medication regimens
• Insufficient attention to interactions with other medications and products
• Insufficient self-monitoring for effectiveness and adverse effects
• Insufficient understanding about how to handle adverse effects
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Institutional Reporting Systems

Many health care organizations have an internal incident reporting
program, frequently managed by a patient safety officer or equivalent, who
carries out analyses of the errors and determines the external programs to
which the incident reports should be sent. Often, reports are made directly
to one or more of the external programs by the patient or provider, bypass-
ing the patient safety office.

Rates of reporting of events have been quite low (Leape, 2002). Provid-
ers’ fear of discoverability during litigation and professional disciplinary
action has been a major factor affecting their willingness to report (IOM,
2004c). This particular concern should be alleviated with the recent passage
of the Patient Safety and Quality Improvement Act of 2005 (P.L. 109-41).
The act promotes the establishment and use of voluntary patient safety
reporting systems, peer review protection from report disclosure during
legal proceedings, and protection of providers who report from profes-
sional retaliation. However, the legislation failed to set measurable goals
and criteria for evaluating the reporting program’s success or failure.

Evidence on the effectiveness of reporting programs is limited. There is
anecdotal evidence that the Joint Commission on Accreditation of Health
Care Organizations’ Sentinel Event Reporting System and the U.S.
Pharmacopeia–Institute for Safe Medication Practice Medication Errors
Reporting Program have led to important safety improvements (Leape,
2002). The only reporting program whose effect on safety has been demon-
strated by a controlled trial is the National Nosocomial Infection Survey
(Haley et al., 1985). Many reporting programs distribute newsletters or
advisories to alert providers of hazardous situations and possible preventive
measures. The impact of these materials is not known (Leape, 2002). How-
ever, performance measurement is an important component of quality im-
provement programs, which include activities directly related to patient
safety (IOM, 2001). The new legislation mentioned above is expected to
increase physician participation in adverse event reporting systems, and
subsequently the translation of findings into learning and improvement.
This will facilitate assessment of the positive, neutral, or negative impact of
reporting systems in the near term.

State Reporting Systems

About half of all states have passed legislation or regulations related to
hospital reporting of adverse events; almost all of these reporting systems
are mandatory. The development of state reporting systems is tracked by
the National Academy for State Health Policy (NASHP, 2006). Each state
reporting system takes a different approach as to what events must be
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reported and what type of information must be provided (Leape, 2002;
IOM, 2004). The main reason for many of these reporting systems is to
ensure accountability, although a number of state reporting systems also
have a learning component (Rosenthal and Booth, 2005). Each system has
the potential to improve patient safety through analysis of event reports
and dissemination of best practices and lessons learned. For example, the
Pennsylvania Patient Safety Authority regularly issues patient safety adviso-
ries (PPSA, 2006).

Evidence that mandatory reporting systems have led hospitals to intro-
duce changes is largely anecdotal (Leape, 2002). Despite interest in analyz-
ing the data from reporting systems and providing feedback that can be
used to improve patient safety, states have found barriers to analysis and
feedback (Rosenthal and Booth, 2005). Rates of reporting are low because
hospitals fear the consequences of disclosure. Further, reporting is discour-
aged by the cumbersome and time-consuming nature of reporting systems
(Leape, 2002). In addition, states often lack the clinical expertise to analyze
the data. To address these barriers, in May 2005 the National Academy for
State Health Policy convened a meeting of stakeholders in reporting sys-
tems to identify mechanisms and tools for improving reporting and feed-
back (Rosenthal and Booth, 2005).

Federal Reporting and Surveillance Systems

The FDA’s spontaneous reporting system (the MedWatch program)
collects information about adverse events associated with all marketed
drugs. The system depends on voluntary reports submitted by clinicians
and mandatory reports submitted by manufacturers (comprising patient/
clinician reports forwarded to the company) (Fontanarosa et al., 2004).
While about 250,000 such reports are received annually, several shortcom-
ings of the system have been described in government, academic, and press
publications (FDA, 1999). The reliance on voluntary reports and the fac-
tors that discourage reporting (e.g., time pressures, fear of liability, and
lack of perceived benefit) result in significant underreporting of adverse
outcomes and thus the inability to calculate true rates of such events
(Fontanarosa et al., 2004). The reports also suffer from poor data quality,
often including inadequate documentation and detail, which limits the
ability to establish causal relationships in the analysis of the events. The
consumer version of the system, MedWatch Plus, is designed to collect
direct reports from consumers who have experienced an adverse drug
reaction (Behrman, 2005). A number of activities are under way to im-
prove the reporting systems, the quality and interpretation of the data
gathered, and the use of postmarket surveillance studies, thus helping to
ensure the safety and efficacy of marketed medicines.
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The Centers for Disease Control and Prevention (CDC) performs both
active and passive surveillance of safety-related morbidity and mortality
associated with vaccines, treatment of infectious diseases, and other aspects
of health care. Adverse events involving vaccines are reported passively
through the Vaccine Adverse Event Reporting System (VAERS), maintained
by the CDC jointly with the FDA. Reporting is mandatory for manufactur-
ers, and for health professionals for specified adverse events (see the Re-
portable Events table posted at vaers.hhs.gov) associated with the following
vaccines: tetanus; pertussis; measles, mumps, and rubella; rubella; inacti-

BOX 2-6
Centers for Disease Control and Prevention’s
Active Surveillance Systems for Clinical Care

The CDC’s adverse event surveillance systems include the National Health-
care Safety Network (the successor to the National Nosocomial Infections Surveil-
lance System, the Dialysis Surveillance Network, and the National Surveillance
System for Health Care Workers) (Tokars et al., 2004) and the National Electronic
Injury Surveillance System-Cooperative Adverse Drug Event Surveillance project
(NEISS-CADES). Through NEISS-CADES, the CDC conducts nationally repre-
sentative surveillance for adverse drug events (ADEs) treated in hospital emer-
gency departments. The program is aimed at controlling or preventing injury by
identifying and describing the public health burden of outpatient ADEs, generating
hypotheses about risk factors for these events, and helping to design interventions
for reducing medication errors in the outpatient setting.

Estimates for 2004 indicate that approximately 700,000 patients were treated
in emergency rooms for an ADE, and approximately 100,000 were admitted or
transferred to another facility (Budnitz, 2005). Early data indicate that unintentional
overdoses were the most common cause of ADEs (39 percent), and that two drugs
(i.e., warfarin and insulin) were associated with 16 percent of all ADEs and 33
percent of ADEs in patients over age 50 (Budnitz et al., 2005).

NEISS-CADES has several important limitations. First, the system is limited to
ADEs occurring outside the hospital and to those that result in emergency room
visits. Second, the system may fail to capture some serious outpatient ADEs
(those treated in a care setting other than an emergency department) and may
include nonserious events (as patients may use emergency departments for pri-
mary health care) (Walls et al., 2002). Third, the system is designed for national
surveillance and not for quality improvement by individual hospitals. Nonetheless,
given the importance of monitoring the national health burden of ADEs as one
aspect of medication safety and quality improvement, the continued operation and
enhancement of NEISS-CADES could play an important role in monitoring the
nation’s progress toward reducing medication-related harm in the outpatient set-
ting. The system’s usefulness would be enhanced by identifying appropriate mea-
sures of drug exposure, ensuring continued data quality, and developing mecha-
nisms for timely data dissemination.
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vated polio; hepatitis B; hemophilus influenzae type B (polysaccharide);
hemophilus influenzae type B (conjugate); varicella; and pneumococcal con-
jugate (IOM, 2004c). From its establishment in 1990 through the end of
2001, VAERS had received over 128,000 reports (CDC, 1999).

Gaps in scientific knowledge about the possible adverse effects of vac-
cines and in the capacity to evaluate such effects scientifically prompted the
CDC to initiate the Vaccine Safety Datalink (VSD) project in 1990 (Medstat,
2002). This project involves partnerships with several large HMOs to con-
duct high-quality scientific evaluations of important safety questions re-
lated to immunization. The CDC also has a number of reporting and sur-
veillance systems for evaluating the prevalence of adverse events in clinical
settings (see Box 2-6).
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3

Medication Errors: Incidence and Cost

CHAPTER SUMMARY

Medication error rates are important for gauging the scope of
the problem, setting priorities for prevention strategies, and mea-
suring the impact of those strategies. This chapter summarizes the
evidence base on rates of medication errors; preventable adverse
drug events; and failure to prescribe medications for which the
evidence supports the ability to reduce morbidity and mortality in
hospital, nursing home, and ambulatory settings. An understand-
ing of the costs of medication errors is important as well to inform
decisions about the implementation of strategies designed to reduce
the risk of medication errors. This chapter also summarizes the
evidence base on these costs.

As noted in Chapter 1, the committee’s charge encompassed developing
estimates of the incidence, severity, and costs of medication errors and
evaluating alternative approaches to reducing such errors in different set-
tings. To this end, the committee commissioned papers summarizing the
salient peer-reviewed literature in the areas of hospital care, nursing home
care, ambulatory care, pediatric care, psychiatric care, and use of over-the-
counter (OTC) and complementary and alternative medications.1 The au-

1The authors of the papers are as follows: for hospital care, Harvey J. Murff, MD, MPH,
Vanderbilt University; for nursing home care, Ginette A. Pepper, PhD, RN, FAAN, University
of Utah College of Nursing; for ambulatory care, Grace M. Kuo, PharmD, MPH, Baylor
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thors were asked to review this literature from the last 10 years2 (and earlier
major studies if still relevant). Where possible, the five steps in the medica-
tion-use process were to be analyzed separately. Special attention was to be
given to errors that arise during transfers between care settings, for ex-
ample, from hospital to ambulatory care. In addition, the authors were
asked to identify the approaches to reducing medication errors recom-
mended by major health care organizations and to evaluate each approach
in terms of the evidence/process used by these organizations to justify it. In
addition, a paper was commissioned to review the non-peer-reviewed lit-
erature for approaches to reducing medication errors.3 The authors of the
commissioned papers were encouraged to use a modified search strategy as
described by Smeaton and colleagues (2002). They were also encouraged to
search the following databases: MEDLINE, CINAHL (Cumulative Index to
Nursing and Allied Health Literature), PsycINFO, IPA (International Phar-
maceutical Abstracts), Science Citation Index, and Dissertation Abstracts.
The authors tailored these suggestions to their own requirements. In sum-
mary, the study focused on English-language articles published in the pe-
riod 1995–2005, augmented by earlier important studies and studies pub-
lished after the literature reviews had been completed. The majority of
studies reviewed were conducted in the United States. Where relevant, when
there were no or few U.S. studies for a particular setting or study category,
foreign studies are cited in the report, with the country of origin noted.

Drawing on these commissioned papers, this chapter summarizes the
committee’s findings on the incidence and costs of medication errors (more
detail on incidence is given Appendix C). Chapter 5 summarizes the
committee’s findings on prevention strategies as part of the recommended
action agendas for each care setting (more detail on these strategies is given
in Appendix D).

INCIDENCE

The extent of the research on the incidence of medication errors and
adverse drug events (ADEs) varies greatly across care settings (see Appen-
dix C); Box 3-1 summarizes the difficulties encountered by the committee

College of Medicine; for pediatric care, Marlene R. Miller, MD, MSc, Karen A. Robinson,
MSc, Lisa H. Lubornski, PhD, Michael L. Rinke, BA, and Peter J. Pronovost, MD, PhD, The
Johns Hopkins University; for psychiatric care, Benjamin C. Grasso, MD, The Institute for
Self-Directed Care; and for OTC and complementary and alternative medications, Albert I.
Wertheimer, MBA, PhD and Thomas M. Santella, BS, Temple University.

2The pediatric care paper examined peer-reviewed journals over the last 5 years.
3Authored by Eta Berner, EdD, University of Alabama at Birmingham, and Richard Maisiak,

PhD, MSPH, consultant.
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BOX 3-1
Difficulties in Synthesizing the Evidence on Incident Rates

Since the publication of To Err Is Human: Building a Safer Health System (IOM,
2000), there has been a rapid growth in contributions to the field of patient safety.
As with any emerging discipline, synthesizing the results of this research is chal-
lenging because of the heterogeneity of study definitions and error identification
methodologies.

Significant confusion exists about the most fundamental issue in quantifying
medication errors. One broad definition of medication errors is any inappropriate
use of a drug, regardless of whether that use resulted in harm (Nebeker et al.,
2004). Other definitions include only medication errors that have the potential to
produce harm, or “clinically significant medication errors” (Lesar et al., 1997). Thus
a medication error that could never be executed, such as a prescription to give
orally a medication that comes only in parenteral form, would be excluded. As
discussed previously, medication use also involves various stages, including se-
lecting and procuring the drug by the pharmacy, prescribing and selecting the drug
for the patient, preparing and dispensing the drug, administering the drug, and
monitoring the patient for effect, and many studies have focused on errors occur-
ring during only one of these stages.

Contributing to the heterogeneity of the patient safety literature are the varying
methodologies used to identify errors. The incidence rates found in the literature
depend dramatically on the particular detection method used. Although many such
methods exist, those most commonly employed include direct observation, chart
review, computerized monitoring, and voluntary reporting (Murff et al., 2003) (see
Chapter 5 for more detail). Many studies have established that voluntary reporting
results in marked underestimation of rates of medication errors and ADEs (Allan and
Barker, 1990; Cullen et al., 1995; Jha et al., 1998; Flynn et al., 2002). Voluntary
reporting rates are generally low because of such factors as time pressures, fear of
punishment, and lack of a perceived benefit (Cullen et al., 1995). Improvements in
internal reporting have been achieved in nonpunitive reporting environments (Rozich
and Resar, 2001), but these rates still vastly underestimate the true incidence.

A large study comparing direct observation, chart review, and incident report-
ing found that direct observation identified the greatest number of errors (Flynn et
al., 2002). Earlier it had been established that automated surveillance could detect
ADEs at a much higher rate than voluntary reporting. A comparison of automated
surveillance, chart review, and voluntary reporting found that of the 617 ADEs
detected, chart review identified 65 percent, automated surveillance 45 percent,
and voluntary reporting 4 percent (Jha et al., 1998). In this study, only 12 percent
of all ADEs detected were identified by both chart review and computerized sur-
veillance (Jha et al., 1998).

Several studies have noted that different methods of detection appear more
suited to identifying different types of medication-related problems (O’Neil et al.,
1993; Jha et al., 1998), suggesting that the method selected should depend on the
area of interest (again, see Chapter 5 for more detail). In conclusion, the incidence
rates found in the patient safety literature depend dramatically on the particular
detection method used.

A further confounding factor is that medication error rates are quoted in varying
ways—errors per order/dose/opportunity, errors per 1,000 patient-days, and errors
per 1,000 patient admissions. Rates of preventable ADEs are cited in a similar man-
ner—preventable ADEs per 1,000 patient-days and per 1,000 patient admissions.
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in synthesizing this heterogeneous evidence base. Hospital care is the setting
with the most extensive research. Studies have estimated the rate of ADEs
incurred in hospitals and error rates at each stage of the medication-use
process. There is also an extensive literature on errors of omission in pre-
scribing—failure to prescribe medications in appropriate situations.

Other care settings are much less well researched. For nursing home
care, there are estimates of the rates of ADEs incurred while in a nursing
home, plus a few studies on error rates at various stages of the medication-
use process.4 Little attention has been paid to errors of omission in the
nursing home population. For ambulatory care, a modest amount of re-
search has been carried out, spread thinly over a large number of topics—
ADE and error rates at various stages of the medication-use process, and
omissions of effective therapies in specific populations. Similarly for pediat-
ric care, a modest amount of research has been carried out, again thinly
spread over a wide range of topics.

For the remaining care settings considered in this report, little or no
research has been conducted on ADE and error rates. Of the limited num-
ber of studies relating to self-care, most addressed adherence issues. No
study was found on medication error rates in the school setting. Just two
studies were found on medication error rates in psychiatric care. Finally,
there has been hardly any research on medication errors relating to OTC
medications, and no study was found on error rates associated with comple-
mentary and alternative medications.

The discussion in this section is based on a large number of studies
reviewed by the committee. It first addresses the incidence of medication
errors in general, and then the incidence of three specific categories of
medication errors—preventable ADEs, underutilization of medications, and
overutilization of medications.

Incidence of Medication Errors

Hospitals

As noted, hospital care is the most researched setting for medication
error incidence rates, although no study was identified that addressed medi-

4There have been many studies of inappropriate prescribing for the elderly in nursing homes,
ambulatory care, and home health care, based on such criteria as the Beers criteria (Beers et
al., 1991) and subsequent updates/extensions (Beers, 1997). The committee did not include
these studies in its synthesis since the causal link between inappropriate prescribing and poor
health outcomes has not been documented.
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cation errors in the selection and procurement of drugs by the hospital
pharmacy.

Medication errors occur in all stages of the medication-use process,
most frequently at the prescribing and administration stages. Several U.S.
studies using differing definitions of error and methods of error identifica-
tion found that rates of prescribing errors for adults in hospitals varied
considerably (see Table 3-1). Prescribing errors occurred at rates of 12.3–
1,400.00 per 1,000 patient admissions (Bates et al., 1995a; Lesar et al.,
1997; Lesar, 2002; LaPointe and Jollis, 2003; Winterstein et al., 2004).
Such errors occurred at rates of 0.6–53.0 per 1,000 orders (Lesar et al.,
1990; Bates et al., 1995a; Lesar et al., 1997; Lesar, 2002). And in studies
that evaluated prescribing errors per opportunity for error, rates of 1.5–9.9
per 100 opportunities were found (Dean et al., 2002; van den Bemt et al.,
2002; Bobb et al., 2004; Lisby et al., 2005).

Errors rates depend on the thoroughness of the error detection methods
that are used (Gandhi et al., 2000). Most of the above studies used less
comprehensive error detection methods, such as spontaneous reports by
pharmacists after review of written orders (Lesar et al., 1997; Lesar, 2002),
prompted reporting (Winterstein et al., 2004), and reporting by a clinical
pharmacist participating in patient care (LaPointe and Jollis, 2003). The
study that found by far the highest rate (Bates et al., 1995a) used much
more comprehensive detection methods—chart review, including review of
written medication orders by a dedicated trained reviewer, in addition to
prompted reporting from nurses and pharmacists. This study found a rate
of 1,400 prescribing errors per 1,000 patient admissions or 0.3 prescribing
errors per patient per day. Of the errors identified, 7.5 percent were ad-
judged serious—preventable or potential ADEs. By comparison, a study
(Kaushal et al., 2001) using similar error detection methods in pediatric
units identified 405 prescribing errors per 1,000 patient admissions or 0.1

TABLE 3-1 Error Rates in Hospitals
Prescribing errors Per 1,000 admissions

12.3–1,400 (5 studies)

Per 1,000 orders
0.61–53 (4 studies)

Per 100 opportunities for error
1.5–9.9 (4 studies)

Administration errors Per 100 opportunities/doses
2.4–11.1 (5 studies)
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prescribing error per patient per day. In this study, 19.5 percent of the
errors were adjudged serious—preventable or potential ADEs.

Turning to medication administration errors, according to several in-
ternational studies, administration errors (excluding wrong-time errors) are
frequent, with error rates per dose ranging from 2.4 to 11.1 percent (Dean
et al., 1995; Taxis et al., 1999; Barker et al., 2002; Tissot et al., 2003; Lisby
et al., 2005). The U.S. study in this group found an administration error
rate of 11 percent, excluding wrong-time errors (Barker et al., 2002). This
study employed an observation-based method for detecting medication ad-
ministration errors that has been used by the Centers for Medicare and
Medicaid Services (CMS) for almost 20 years as a quality indicator for
nursing homes. It was carried out in Colorado and Georgia in 36 different
facilities (12 accredited hospitals, 12 nonaccredited hospitals, and 12 skilled
nursing facilities). There was no significant difference in error rates (regard-
less of whether wrong-time errors were included) by type of facility. For the
36 facilities, the administration error rate (excluding wrong-time errors)
ranged from 0 to 26 percent, with 8.3 percent as the median value. The 36
institutions studied were selected at random primarily from the Atlanta,
Georgia, metropolitan statistical area and the Denver-Boulder-Greeley,
Colorado, consolidated statistical area. Each facility had to agree to partici-
pate in the study. Twenty-six selected facilities declined to take part in the
study. Most did not give reasons for not wishing to participate; of those
that did, many expressed concerns about poor scores and wanting to im-
prove their performance first (Barker et al., 2002). Thus the authors con-
cluded that the error rates reported likely represent a lower bound.

A study in five intensive care units (ICUs) in U.S. tertiary teaching
facilities (Calabrese et al., 2001) found an administration error rate of 3.3
percent—lower than that reported in the above study. The ICU study iden-
tified administration errors for a group of high-alert medications using a
similar observational technique. The authors of this study commented that
the rates they obtained were lower than those found in a comparable French
ICU study (Tissot et al., 1999), and suggested that this difference might be
due to varying methods of observation and pharmacist participation in
patient care in the U.S. study. The committee believes these results—while
the best available for large ICUs in the United States—are not generalizable
to non-ICU hospital care and that the study by Barker and colleagues
(2002) represents the best estimate of administration error rates in U.S.
hospitals for non-ICU care.

Much higher rates of administration errors were observed in two stud-
ies that focused on intravenous medications—34 per 100 in a joint U.K./
German study (Wirtz et al., 2003) and 49 per 100 in a U.K. study (Taxis
and Barber, 2003).

On the basis of the Barker et al. (2002) study and assuming a patient in
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the hospital receives 10 doses of medication per day,5 a typical patient
would be subject to one administration medication error per day. These
data, taken together with the results of the above studies, which identified
0.1 prescribing error per patient per day (Kaushal et al., 2001) and 0.3
prescribing error per patient per day (Bates et al., 1995a), as well as plus the
fact that medication errors occur in other stages of the medication-use
process (e.g., errors in the prescribing and administration stages accounted
for 77 percent of medication errors [Leape et al., 1995]), suggest to the
committee that about one medication error occurs per patient per day in
hospital care.

Nursing Homes

There is little information on rates of dispensing errors in nursing
homes, since this function generally is outsourced. According to the avail-
able data (see Table 3-2), medication administration errors appear to occur
in nursing homes at a rate of 6–20 per 100 doses (Barker et al., 1982, 2002;
Baldwin, 1992; Cooper et al., 1994). The two main studies in this area,
published 20 years apart, both used the same error detection method (direct
observation) and reported similar error rates—12 errors per 100 doses
(Barker et al., 1982), and 15 errors per 100 doses (Barker et al., 2002) (in
both cases excluding doses administered at the wrong time). Excluding
wrong-time errors, omission of an ordered medication is generally the most
common type of drug administration error in nursing homes. Given that
administration error rates are higher in nursing homes than in hospitals, it

5Rates of doses dispensed in hospital are rarely quoted in the literature. At MountainView
Hospital, Las Vegas, Nevada, dose rates increased steadily at about 10 percent per year over
the period 2002–2006 (Wood and Nam, 2005). During this period, the average numbers of
doses dispensed per patient per day were 13.6 (January 2002), 13.3 (July 2002), 15.8 (Janu-
ary 2003), 15.1 (July 2003), 16.8 (January 2004), 16.3 (July 2004), 19.5 (January 2005),
18.0 (July 2005), and 22.1 (January 2006). The committee also carried out a small survey of
eight community and teaching hospitals in Pennsylvania, Michigan, Ohio, and Minnesota.
Based on 2005 or 2006 data, for the three community hospitals, the results were 24.4, 20.6,
and 12.2 doses per patient per day; and for the teaching hospitals, the results were 25.8, 29.7,
32.8, 22.3, and 20.9 doses per patient per day. These data suggest that the assumption of 10
doses per patient per day is a conservative one.

TABLE 3-2 Error Rates in Nursing Homes
Administration errors Per 100 opportunities/doses

6 (Cooper et al., 1994)
12.2 (Barker et al., 1982)
14.7 (Barker et al., 2002)
20 (Baldwin, 1992)
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is likely that per day, nursing home patients are more likely to experience a
medication error than are hospital patients. Monitoring errors are probably
the most common type of error in the nursing home setting, but are much
more difficult to identify, and no study in this area was found. Because a
typical medication pass in long-term care exceeds 2 hours, it is impossible
for the nurse to deliver all medications within 1 hour of the scheduled time;
thus wrong-time errors are predictably high in this setting. Finally, transi-
tions from the nursing home to other settings are a time of high risk for
adverse effects due to prescribing or transcription errors.

Ambulatory Care

For the purposes of this study, the committee examined medication
error rates in six different settings within the ambulatory care domain: (1)
the interface between care settings, for example, from hospital care to
outpatient clinic; (2) the ambulatory clinic; (3) the community pharmacy;
(4) the home care setting; (5) self-care; and (6) the school setting. In general,
there is little or no understanding of incidence rates in all these areas.

Error rates in ambulatory clinics have been thinly researched (see Table
3-3). One study found that 21 percent of prescriptions in these settings

TABLE 3-3 Error Rates in Ambulatory Clinics
Prescription Percentage of prescriptions containing at least one prescription
writing errors writing error

21 (Shaughnessy and Nickel, 1989)

Errors in an Percentage of patients subject to prescribing errors
ambulatory 97.7 (Manley et al., 2003b)
hemodialysis unit

Medication-related problems per patient per month
0.45 (Manley et al., 2003a)

Errors in an Percentage of doses containing an error
ambulatory 3 (Gandhi et al., 2005)
chemotherapy unit

Errors in dispens- Percentage of labels with usual dosage not present
ing samples 12 (Dill and Generali, 2000)

Percentage of labels that referred user to enclosed prescribing
information that was absent
17 (Dill and Generali, 2000)

Documentation Current medications per patient missing from patient record
errors 0.37 (Wagner and Hogan, 1996)

0.89 (Bedell et al., 2000)

Percentage of prescription renewals missing from patient record
15 (Ernst et al., 2001)
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TABLE 3-4 Errors by Community and Mail Order Pharmacies
Community pharmacy: Percentage of telephoned prescriptions containing an error
telephoned prescription 12.4 (Camp et al., 2003)
errors

Community pharmacy: Percentage of prescriptions erroneously dispensed
dispensing errors 1.7 (Flynn et al., 2003)

3.4 (Buchanan et al., 1991)
12.5 (Kistner et al., 1994)
24 (Allan et al., 1995)

Mail order pharmacy: Percentage of prescriptions erroneously dispensed
dispensing errors 0.075 (Teagarden et al., 2005)

contained at least one prescription writing error (Shaughnessy and Nickel,
1989). Two studies found high rates of medication errors in ambulatory
hemodialysis units (Manley et al., 2003a,b). Extrapolating the findings of
the study with the lower rate (Manley et al., 2003a) to the 246,000 U.S.
hemodialysis patients, nearly 111,000 medication-related problems occur
to these patients each month. In an ambulatory chemotherapy clinic, a
medication error rate of 3.0 percent was found (Gandhi et al., 2005).
Another study (Dill and Generali, 2000) found a lack of adequate docu-
mentation provided with drug samples available for administration to pa-
tients in an ambulatory clinic. Finally, three studies (Wagner and Hogan,
1996; Bedell et al., 2000; Ernst et al., 2001) found high rates of medication
documentation errors.

Regarding community pharmacies (see Table 3-4), one study (Camp et
al., 2003) found that 12.4 percent of telephoned prescriptions contained an
error in the information provided by the person calling in the prescription.
Four studies examining dispensing errors and using the same error detec-
tion method found a wide range of prescription dispensing error rates—1.7
to 24 percent. One study conducted in a hospital-based outpatient phar-
macy found the rate of dispensing errors to be 12.5 percent (Kistner et al.,
1994). Another small-scale study found a 24 percent dispensing error rate
(Allan et al., 1995). In a study at a high-volume outpatient pharmacy, the
error rate was found to be 3.4 percent (Buchanan et al., 1991). These three
studies published in the period 1991–1995, reported much higher error
rates than a more recent study reflecting the likely improvements in dis-
pensing systems and technology over time. This more recent, large-scale
study of both new prescriptions and prescription refills found an error rate
of 1.7 percent (Flynn et al., 2003). This dispensing error rate translates to
approximately 4 errors per 250 prescriptions per pharmacy per day, or an
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estimated 51.5 million errors during the filling of 3 billion prescriptions
each year. One study of medication errors at Medco Health Solutions, Inc.,
a large mail order pharmacy, carried out by Medco employees, found a
dispensing error rate of 0.075 percent—16 dispensing errors among 21,252
prescriptions (Teagarden et al., 2005).

Self-care studies have focused mainly on adherence rates, which are
generally low. An early study found adherence rates for prescribed medica-
tions of 50 percent (Sackett and Snow, 1979). A more recent meta-analysis
of 328 studies reporting on adherence to medication regimens found an
adherence rate of 79.4 percent (DiMatteo, 2004). Adherence rates appear
to vary according to the number of doses taken per day (Cramer et al.,
1989).

Pediatric Care

It has become clear that the prescription, dispensing, and administra-
tion of medications account for a substantial portion of the preventable
medical errors that occur with children (Kaushal et al., 2001, 2004).
Children are uniquely vulnerable to medication errors: all pediatric medi-
cation doses need to be based on body-size parameters (e.g., weight, body
mass index) and the state of organ development; children are much less
able than adults to double-check their own medications; and the wide
range of appropriate doses for any given medication based on the child’s
size gives the “average” dose little predictability for those doing the ad-
ministering. Accurate pediatric medication administration requires knowl-
edge of the child’s precise weight; proper conversion of pounds to kilo-
grams; the correct choice of appropriate preparations and concentrations;
and the ability to measure and administer doses properly, particularly for
liquid medications.

An inpatient study covering all types of medications carried out at two
urban teaching hospitals reported a rate of medication order errors of 4.2
percent, or 405 prescribing errors per 1,000 pediatric patients (Kaushal et
al., 2001). Using a broader definition of medication error, a French study
reported a higher rate—24.0 percent (Fontan et al., 2003). Also using a
broader definition, a still higher rate was observed in a pediatric ICU—30.0
percent (Potts et al., 2004).

Rates of administration errors were estimated to be 0.72 per 100 orders
(or 7.0 per 100 admissions, or 19.8 per 1,000 patient days) for all types of
medication in a pediatric inpatient setting (Kaushal et al., 2001) and 23.0
per 100 opportunities for error in a pediatric nephrology ward (Fontan et
al., 2003).

There have been two pediatric emergency department studies. One of
these, conducted in a Canadian hospital, estimated that 100.0 prescribing
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errors and 39.0 administration errors occurred in the emergency depart-
ment per 1,000 pediatric patients (Kozer et al., 2002). The other study
found that 22.0 percent of acetaminophen doses ordered were outside the
recommended 10–15 milligrams/kilogram recommendation for these pa-
tients (Losek, 2004). (See Table 3-5 for a summary of errors in hospital
pediatric care).

Finally, a recent study found that potential medication errors occur
frequently in outpatient pediatric clinics (McPhillips et al., 2005). In a
sample of new prescriptions for 22 common medications, approximately
15 percent of children were dispensed a medication with a potential dosing
error.

Psychiatric Care

Many studies of medication errors associated with psychotropic medi-
cations either were conducted as part of larger general medical–surgical
studies or other ADE-reporting databases, or were restricted to geriatric
populations in nonpsychiatric restricted settings, such as nursing homes
and ambulatory clinics. The one major study devoted exclusively to medi-
cation errors in psychiatric care found a very high rate of errors in a state

TABLE 3-5 Errors in Hospital Pediatric Care
Medication ordering errors Percentage of prescriptions containing an error

4.2 (Kaushal et al., 2001)
24 (Fontan et al., 2003)

Medication ordering errors Percentage of prescriptions containing an error
in pediatric intensive care 30 (Potts et al., 2004)

Administration errors Per 100 orders
0.72 (Kaushal et al., 2001)

Administration errors in Per 100 opportunities for error
pediatric nephrology units 23 (Fontan et al., 2003)

Emergency department Per 1,000 patients
prescribing errors 100 (Kozer et al., 2002)

Emergency department Per 1,000 patients
administration errors 39 (Kozer et al., 2002)

Emergency department Per 100 doses ordered
acetaminophen doses 22 (Losek, 2004)
ordered outside
recommended range
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psychiatric hospital—2,194 errors over 1,448 patient days, or an error rate
of 1.5 errors per patient day (Grasso et al., 2003).

Use of Over-the-Counter and Complementary
and Alternative Medications

The committee could only find three studies in the peer-reviewed litera-
ture addressing incidence rates for medication errors arising from the use of
OTC drugs. These studies (Li et al., 2000; McErlean et al., 2001; Goldman
and Scolnik, 2004) showed that parents using OTC medications to treat
children with fever often administer an incorrect dosage. One study of 118
caregivers treating their children with a fever reducer revealed that incor-
rect doses were given 47 percent of the time; another study of 248 caregivers
found that 12 percent gave an overdose and 41 percent an underdose; and
a third study found that of 200 patients treated for fever by a parent, 51
percent received the wrong dose. Moreover, these studies indicated that a
misdose often resulted in a continued fever and an eventual trip to the
emergency department.

Despite the paucity of data on OTC-related error rates, there is a
growing body of literature documenting adverse OTC drug–disease and
OTC drug–drug interactions. Some examples are presented in Box 3-2.

The committee could find no studies of medication error rates associ-
ated with complementary and alternative medications. There is, however,
an emerging literature indicating that these medications have the potential
for adverse interactions with prescription drugs (D’Arcy, 1993; Calis and
Young, 2004). In particular, these types of products can interfere with the
metabolism and elimination of other drugs in the body. St. John’s Wort, an
herbal product commonly used to treat depression, is an example. Studies
have found that St. John’s Wort impacts an enzyme that ultimately in-
creases the oxidation of drugs (Bailey and Dresser, 2004). This action limits
the bioavailability of some drugs, resulting in serious adverse effects. Spe-
cifically, studies have shown that St. John’s Wort can increase organ rejec-
tion and increase the viral load in HIV patients by limiting the effects of
prescription medications (Piscitelli et al., 2000; Ruschitzka et al., 2000).

Error Rates: Much More Needs to Be Done

Where incidence rates have been measured systematically, medication
errors have been found to be common and to occur at unacceptably high
levels. Reasonably well-researched stages of the medication-use process
include prescribing, dispensing, and administering in hospitals; prescribing
in ambulatory clinics; dispensing in community pharmacies; and medica-
tion adherence in self-care.
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When it is possible to compare the results of more than one study,
estimates of error rates vary greatly. Much but not all of this variation can
be explained by differing definitions and identification methods. Even when
the definition of error is standardized and the same identification method is
used, substantial variation in administration error rates by institution are
found (Barker et al., 2002). Taking this variability into account, however,
the underlying error rates are unacceptably high.

BOX 3-2
Examples of Adverse OTC Drug–Disease

and OTC Drug–Drug Interactions

Drug–Disease Interactions
• Cough syrup and diabetes. Because most OTC cough syrups contain large

quantities of sugar, an unknowing diabetic patient could go into diabetic shock.
• Ibuprofen and other nonsteroidal anti-inflammatory drugs (NSAIDs).

NSAIDs increase blood pressure in hypertensive individuals. Moreover, chronic
NSAID use can counteract the effects of beta-blockers, thiazide diuretics, and
other medications (Houston, 1991; Espino and Lancaster, 1992).

• Acetaminophen and ibuprofen can result in kidney damage for those with
congestive heart failure and renal impairment. Prostaglandins are critical to proper
renal functioning in these individuals, and NSAIDs suppress prostaglandin synthe-
sis (Bakris and Kern, 1989).

Drug–Drug Interactions
• NSAIDs. These drugs can cause gastric bleeding. Many adults self-

medicate with OTC NSAIDs to treat osteoarthritis, a practice known to cause gas-
tric ulceration. When NSAIDs are combined with antacids or H2 antagonists, the
risk of hospitalization for serious gastrointestinal bleeding is increased (Bradley et
al., 1991; Singh et al., 1996).

• Calcium supplements. When calcium supplements are combined with prod-
ucts such as aspirin, erythromycin, or bisacodyl (i.e., Dulcolax), gastric irritation
results. Additionally, calcium supplements reduce the bioavailability of other med-
ications, such as levothyroxine, ciproflaxin, phenytoin, and digoxin, and limit the
absorption of such nutrients as iron, thiamin, zinc, and B12 (D’Arcy and McElnay,
1987).

• Aspirin and coumadin. Because both aspirin and coumadin are blood thin-
ners, there is an acute possibility of too much anticoagulation when they are taken
together.

• Too much acetaminophen. Many OTC and prescription medicines contain
acetaminophen. An unassuming patient may self-treat a cold with both Advil Cold®

or some other cough/cold medication and regular Tylenol without realizing that this
constitutes a double dose of acetaminophen. It has been well documented that
overuse of acetaminophen leads to hepatotoxicity (liver damage), which can lead
to liver failure.

• Antacids. These medications interfere with the effects of some HIV drugs
(Piscitelli and Gallicano, 2001).
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Over the past decade, much scholarly activity and sizable government
resources have been directed at determining the extent and scope of medica-
tion errors. Nonetheless, there remain broad aspects of the medication-use
process for which we have little or no understanding of error rates. These
include the selection and procurement of medications, monitoring of the
effectiveness of medications in all care settings, medication use in schools,
self-care, medication use in psychiatric care, and the use of OTC and
complementary and alternative medications. The committee concludes that
greater effort is needed to identify medication errors in most care settings,
both to measure the extent and scope of such errors and to assess the
impact of error prevention strategies.

Preventable Adverse Drug Events

ADEs, defined as any injury due to medication (Bates et al., 1995b), are
common in hospitals, nursing homes, and ambulatory care. ADEs that are
associated with a medication error are considered preventable (see the de-
tailed discussion in Chapter 1). This section presents findings from the
literature on the incidence of preventable ADEs.

Hospitals

Three major studies6 examined the incidence of preventable ADEs oc-
curring during hospitalization (see Table 3-6). In chronological order, their
findings are as follows:

• 1.2 preventable ADEs per 100 admissions at LDS Hospital, Salt
Lake City, Utah (Classen et al., 1997). Extrapolating these results nation-
ally and assuming 32 million admissions annually, 380,000 hospital pa-
tients in America would experience a preventable ADE annually.

• 1.8 preventable ADEs per 100 nonobstetric admissions at Brigham
and Women’s Hospital, Boston, Massachusetts (Bates et al., 1995b). Ex-
trapolating these results nationally and assuming 25 million nonobstetrical
admissions annually, 450,000 hospital patients in America would experi-
ence a preventable ADE annually.

• 5.7 preventable ADEs per 1,000 patient days at Brigham and Women’s
Hospital, Boston, Massachusetts (Jha et al., 1998).

6The committee also reviewed three other studies on the incidence of preventable ADEs
occurring during hospitalization. In two studies the sample sizes were too small (Senst et al.,
2001; Forster et al., 2004), and the third study used a much broader definition of preventable
ADEs than that in other studies (Nebeker et al., 2005).
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In the study at LDS Hospital (Classen et al., 1997), ADEs were identi-
fied using computerized surveillance of medical records through the use of
various automated signals (for example, drug stop orders, antidote orders)
plus voluntary reporting. Among the 2,227 ADE patients, 42 percent of the
ADEs arose from excessive dosage of a drug for a patient’s weight and
calculated renal function, 4.6 percent from drug interactions, and 1.5 per-
cent from known drug allergies. All these ADEs were thought to be poten-
tially preventable, particularly through the application of computer-based
programs that monitor drug use for appropriate selection and dosage.

In the first Brigham and Women’s Hospital study (Bates et al., 1995b),
ADEs were identified by stimulated self-reports by nurses and pharmacists
and daily review of charts by nurse investigators. Relative to the LDS
Hospital study, this study reported a higher ADE incidence rate (6.5 ADEs
per 100 nonobstetric admissions versus 2.4 ADEs per 100 admissions) and
a lower proportion of ADEs identified as preventable (28 percent versus
almost 50 percent). Among the preventable events (preventable ADEs and
potential ADEs) in the first study at Brigham and Women’s Hospital (Bates
et al., 1995b), 49 percent of primary errors occurred in the ordering stage,
11 percent in the transcription stage, 14 percent in the dispensing stage, and
26 percent in the administration stage. The leading types of ordering
errors—wrong dose, known allergy, wrong frequency, and drug–drug
interactions—were all thought to be potentially preventable by computer-

TABLE 3-6 Rates of Preventable ADEs in Hospitals
Proportion of ADEs
Preventable
(No. of ADEs

Study Preventable ADE Rate in study) ADE Rate

Classen et al., 1997 1.2 per 100 admissions About 50% (2,227) 2.4 per 100
admissions

Bates et al., 1995b 1.8 per 100 admissions 28% (247) 6.5 per 100
admissions

3.2 per 1,000 patient- 11.5 per
days 1,000 patient-

days

Jha et al., 1998 5.7 per 1,000 patient- 27% (617) 21 per 1,000
days patient-days

NOTE: ADE rates usually are not reported in the medical literature by categories such as
renal failure, hypotension, or bleeding. On the other hand, severity levels are often quoted—
for example, mild (self-limited); moderate (requiring treatment); severe (life-threatening, dis-
abling, or markedly prolonging hospitalization) (Classen et al., 1991); or fatal, life-threatening,
serious, or significant (Bates et al., 1995b).
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ized order checking. The data in this study were analyzed further. For the
70 preventable ADEs and 194 potential ADEs, a systems analysis group
found 334 errors associated with these 264 events. The group identified the
proximal causes of these errors (Leape et al., 1995) (see Table 3-7). These
proximal causes cut across multiple stages; most errors occurred in the
ordering (39 percent) and drug administration (38 percent) stages. Lack of
knowledge of the drug was the most common proximal cause (22 percent),
followed by lack of knowledge of the patient (14 percent) and rule viola-
tions (10 percent).

The systems group then identified the system failures that led to the
proximal causes (see Table 3-8). The seven most common system failures
(defects in drug knowledge dissemination, dose and identity checking, the
availability of patient information, order transcription, the allergy defense
system, medication order tracking, and interservice communications) all
have in common impaired access to information. This group of system
failures accounted for 78 percent of the errors identified.

In the second Brigham and Women’s Hospital study (Jha et al., 1998),
ADEs were identified using a combination of the methods of the LDS
Hospital study and the first Brigham and Women’s Hospital study—
computerized surveillance of medical records, chart review, and voluntary
reporting. Relative to the first Brigham and Women’s Hospital study, this
second study reported a higher preventable ADE incidence rate (5.7 per
1,000 patient days versus 3.2 per 1,000 patient days) and a similar propor-
tion of ADEs identified as preventable (27 percent versus 28 percent). This
study demonstrated that the types of ADEs found by chart review and
computer surveillance are different despite some overlap, with the chart-
based approach also finding 45 percent more ADEs. In this study, 25
percent of the ADEs identified by the computer monitor were preventable;
for chart review, this proportion was 27 percent. Moreover, the computer
monitor used in the second Brigham and Women’s Hospital study found
ADEs at a higher rate than the computer monitor used in the LDS Hospital
study because it was more sensitive (i.e., able to detect milder ADEs) and
contained rules for identifying a wider range of ADEs. A key insight from
the second Brigham and Women’s Hospital study was that the three detec-
tion methods used in the study—computerized surveillance of medical
records, chart review, and voluntary reporting—complemented each other
in identifying preventable and potential ADEs.

The committee believes the key messages from this series of studies are
as follows:

• The estimates of about 400,000 preventable ADEs occurring annually
in U.S hospitals, derived from the LDS Hospital study (Classen et al., 1997)
and the first Brigham and Women’s study (Bates et al., 1995b), are likely

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

121

T
A

B
L

E
 3

-7
D

is
tr

ib
ut

io
n 

of
 E

rr
or

s 
by

 P
ro

xi
m

al
 C

au
se

 a
nd

 S
ta

ge T
ra

ns
cr

ip
-

ti
on

 a
nd

A
dm

in
-

O
rd

er
in

g
V

er
if

ic
at

io
n

D
is

pe
ns

in
g

is
tr

at
io

n
A

ll
Pr

ox
im

al
 C

au
se

%
 (

N
o.

)
%

 (
N

o.
)

%
 (

N
o.

)
%

 (
N

o.
)

%
 (

N
o.

)

L
ac

k 
of

 k
no

w
le

dg
e 

of
 t

he
 d

ru
g

36
 (

47
)

15
 (

6)
0 

(0
)

15
 (

19
)

22
 (

72
)

L
ac

k 
of

 i
nf

or
m

at
io

n 
ab

ou
t 

th
e 

pa
ti

en
t

24
 (

31
)

10
 (

4)
0 

(0
)

10
 (

13
)

14
 (

48
)

R
ul

e 
vi

ol
at

io
ns

19
 (

25
)

0 
(0

)
16

 (
6)

2 
(2

)
10

 (
33

)
Sl

ip
s 

an
d 

m
em

or
y 

la
ps

es
11

 (
14

)
0 

(0
)

0 
(0

)
12

 (
15

)
9 

(2
9)

T
ra

ns
cr

ip
ti

on
 e

rr
or

s
0 

(0
)

73
 (

29
)

0 
(0

)
0 

(0
)

9 
(2

9)
Fa

ul
ty

 d
ru

g 
id

en
ti

ty
 c

he
ck

in
g

0 
(0

)
0 

(0
)

29
 (

11
)

10
 (

13
)

7 
(2

4)
Fa

ul
ty

 i
nt

er
ac

ti
on

 w
it

h 
ot

he
r 

se
rv

ic
es

1 
(1

)
0 

(0
)

8 
(3

)
10

 (
13

)
5 

(1
7)

Fa
ul

ty
 d

os
e 

ch
ec

ki
ng

0 
(0

)
0 

(0
)

8 
(3

)
10

 (
13

)
5 

(1
6)

In
fu

si
on

 p
um

p 
an

d 
pa

re
nt

er
al

 d
el

iv
er

y 
pr

ob
le

m
s

0 
(0

)
0 

(0
)

0 
(0

)
13

 (
16

)
5 

(1
6)

In
ad

eq
ua

te
 m

on
it

or
in

g
8 

(1
1)

0 
(0

)
0 

(0
)

3 
(4

)
4 

(1
5)

D
ru

g 
st

oc
ki

ng
 a

nd
 d

e l
iv

e r
y 

pr
ob

le
m

s
0 

(0
)

0 
(0

)
29

 (
11

)
0 

(0
)

3 
(1

1)
Pr

e p
ar

at
io

n 
e r

ro
rs

0 
(0

)
0 

(0
)

11
 (

4)
5 

(6
)

3 
(1

0)
L

ac
k 

of
 s

ta
nd

ar
di

z a
ti

on
0 

(0
)

0 
(0

)
0 

(0
)

6 
(8

)
2 

(8
)

U
nc

la
ss

if
ie

d
1 

(1
)

3 
(1

)
0 

(0
)

3 
(4

)
2 

(6
)

T
O

T
A

L
S*

10
0 

(1
30

)
10

0 
(4

0)
10

0 
(3

8)
10

0 
(1

26
)

10
0 

(3
34

)

*P
er

ce
nt

ag
es

 d
o 

no
t 

ad
d 

to
 1

00
%

 d
ue

 t
o 

ro
un

di
ng

.
SO

U
R

C
E

: 
L

ea
pe

 e
t 

al
., 

19
95

.

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

122 PREVENTING MEDICATION ERRORS

lower bounds since the second Brigham and Women’s study (Jha et al.,
1998), using more comprehensive detection methods, reported higher rates.

• A high proportion of preventable ADEs are caused by system errors
that could be eliminated by computerized provider order entry (CPOE).

• Sophisticated decision-support tools that address dosing, prophy-
laxis, and patient monitoring, among other issues, must be built into CPOE
systems.

Nursing Homes

Two studies estimated the incidence of preventable ADEs in long-term
care (see Table 3-9). Their findings were as follows:

TABLE 3-9 Rates of Preventable ADEs in Nursing Homes
Proportion of

Preventable ADEs Preventable ADEs per
ADE Rate per (No. of ADEs in 100

Study Patient Month study) Admissions

Gurwitz et al., 2000 0.01 51% (546) 0.02
Gurwitz et al., 2005 0.04 42% (815) 0.1

TABLE 3-8 Distribution of Errors by System Failure
Errors Attributed

System Failure % No.

Drug knowledge dissemination 29 98
Dose and identity checking 12 40
Patient information availability 11 37
Order transcription 9 29
Allergy defense 7 24
Medication order tracking 5 18
Interservice communication 5 17
Device use 4 12
Standardization of doses and frequencies 4 12
Standardization of drug distribution 3 11

within unit
Standardization of procedures 3 10
Preparation of intravenous medications 2 6
Transfer/transition procedures 1 4
Conflict resolution 1 4
Others 4 12
TOTALS 100 334

SOURCE: Leape et al., 1995.
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• 0.01 preventable ADE per resident-month (Gurwitz et al., 2000).
• 0.04 preventable ADE per resident-month (Gurwitz et al., 2005).

In the first study, carried out in 18 community-based nursing homes in
Massachusetts, ADEs were identified by voluntary reporting and review of
the record of each nursing home resident by two nurses and one pharmacist,
performed every 6 weeks. In the second study, carried out in two large
academic long-term care facilities, one in Connecticut and one in Ontario,
Canada, ADEs were identified by a pharmacist’s monthly review of patient
records. Medical records were also targeted for review using computer-
generated signals (for example, abnormal serum levels), and administrative
incident reports were reviewed as well for any indication of an ADE. This
second study identified a much higher rate of ADEs than the first study. The
authors suggested this difference could be attributed to the enhanced ap-
proach to identification of ADEs in the second study, although they thought
the estimates from this study were still conservative since the study relied
solely on information in medical records; there was no direct assessment of
residents, which likely would have led to the identification of additional
events.

The committee believes the second Gurwitz et al. study provides a
better estimate of preventable ADE rates in the long-term care population.
Applying the findings of this study to an average nursing home in the
United States (bed size 105), 50 preventable ADEs (Gurwitz et al., 2005)
would occur annually in the nursing home setting; applying the findings to
the entire 1.6 million nursing home population in the United States, 800,000
(Gurwitz et al., 2005) preventable ADEs would occur each year in these
settings. These figures are likely conservative, however, given the much
higher ADE incident rates published in two other studies—0.44 ADEs per
patient-month or 115 ADEs per 100 admissions (Gerety et al., 1993) and
134 ADEs per 100 admissions (Cooper, 1999). (Neither of these studies
quoted the proportion of ADEs considered preventable.)

In one of the two nursing home studies by Gurwitz and colleagues (2000),
of the 464 preventable ADEs and potential ADEs identified, 315 occurred in
the ordering stage. Among those 315 errors, wrong dose (for example, exces-
sive dose for an elderly patient) occurred in 63 percent of cases, followed by
prescription of a drug for which there was a well-established interaction with
another drug, which occurred in 22 percent of cases. The other Gurwitz et al.
(2005) nursing home study found similar results. Among the 338 preventable
ADEs identified, 198 occurred in the ordering stage. Of these prescribing
errors, the most common were wrong dose (48 percent), wrong drug choice
(38 percent), and known interaction (12 percent).
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Ambulatory Care

In a large study of Medicare enrollees, Gurwitz and colleagues (2003)
found 5 ADEs per 100 patient-years and 1.4 preventable ADEs per 100
patient-years. The study took place in a large New England multispecialty
ambulatory practice providing health care for more than 30,000 persons
aged 65 and over. In total, 1,523 ADEs were identified, 421 of which were
adjudged preventable (28 percent). ADEs were identified using multiple
methods: reporting from health care providers, review of hospital discharge
summaries, review of emergency department notes, computer-generated
signals, free-text review of electronic clinical notes, and review of adminis-
trative incident reports of medication errors. Generalizing these results to
the population of all Medicare enrollees, the authors estimated that 530,000
preventable ADEs occur among the 38 million enrollees (Gurwitz et al.,
2003).

Another study, which contacted patients directly, found a much higher
rate of ADEs but a lower proportion adjudged preventable. In a study
(Gandhi et al., 2003) carried out in four primary care practices in Boston,
of the 661 patients who had received at least one prescription during a
4-week period and who responded to a survey, 181 ADEs were identified
(27 per 100 patients). Many more ADEs were identified by surveying the
patients than by reviewing charts: of the 181 ADEs, 166 (92 percent) were
identified by surveying patients, 50 (28 percent) by reviewing charts, and
35 (19 percent) by both means. Of the 181 ADEs identified, 20 were
considered preventable (11 percent).

In a study on ADEs in ambulatory care (Gandhi et al., 2003), of the 20
preventable ADEs identified, 9 were due to the selection of an inappropri-
ate dose, 2 to wrong dose, and 2 to wrong frequency of dose. It was
considered that CPOE, including checking of dosages, interactions with
other drugs, and allergies to the drug, could have prevented 7 of the 20
preventable ADEs. In a study of ADEs among elderly patients in the ambu-
latory setting (Gurwitz et al., 2003), of the 421 preventable ADEs identi-
fied, 246 were found in the prescribing stage. Among these prescribing
errors, 46 percent involved wrong drug/wrong therapeutic choice and 41
percent wrong dose. (See Table 3-10 for rates of preventable ADEs in
ambulatory care.)

Summary

In total, the committee estimates that at least 1.5 million preventable
ADEs occur each year in the United States:
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• Preventable ADEs occurring in hospitals—Classen and colleagues
(1997) projected 380,000 occurring annually and Bates and colleagues
(1995b) 450,000. These are likely underestimates given the higher prevent-
able ADE rate found in another study using more comprehensive ADE
identification methods (Jha et al., 1998).

• Preventable ADEs occurring in long-term care—Gurwitz and col-
leagues (2005) projected 800,000—again likely an underestimate given the
higher ADEs rates of other studies (Gerety et al., 1993; Cooper, 1999).

• Preventable ADEs among outpatient Medicare patients—Gurwitz
and colleagues (2003) projected 530,000.

Underutilization and Overutilization of Medications

Both underutilization of medications (the failure to prescribe medica-
tions for which there is an evidence base for reduction in morbidity and
mortality) and overutilization of medications (prescribing of medications
for which there is no evidence base for reduction in morbidity and mortal-
ity) are common in hospitals, nursing homes, and the ambulatory setting.
The committee found well-documented evidence of inadequate treatment
for acute coronary syndromes, heart failure, chronic coronary disease, atrial
fibrillation, bacterial infection prophylaxis, and thrombosis prophylaxis in
hospitals. Underutilization of medications in nursing homes and assisted-
living facilities relative to national standards is best documented for pain
management, congestive heart failure, and use of anticoagulants in stroke
prevention and atrial fibrillation, but there is also limited evidence for
deficits in use of medications for depression, myocardial infarction prophy-
laxis, and treatment of osteoporosis. Overutilization of medication is best
documented in the treatment of colds, upper respiratory infections, and
bronchitis by antibiotics.

TABLE 3-10 Rates of Preventable ADEs in Ambulatory Care
Proportion of ADEs
Preventable
(No. of ADEs

Study Preventable ADE Rate in study) ADE Rate

Gurwitz et al., 2003 1.4 per 100 patient-years 28% (1,523) 5 per 100
patient-years

Gandhi et al., 2003 5.4 per 100 patients 20% (181) 27 per 100
patients
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Underutilization of Medications in Hospitals

For hospital care, three broad classifications of studies were identified:
on treatment of acute coronary syndromes, on antibiotic prophylaxis for
surgical patients, and on thromboembolic prophylaxis for surgical patients
(see Table 3-11). Seven studies addressed acute myocardial infarction.
Within the first 24 hours of hospitalization for a myocardial infarction,
85–93 percent had received aspirin (Sanborn et al., 2004; Granger et al.,
2005; Roe et al., 2005), and 66–78 percent beta-blockers (Sanborn et al.,
2004; Granger et al., 2005; Roe et al., 2005). Among patients discharged
with a diagnosis of acute myocardial infarction, aspirin was prescribed for
53–93 percent of ideal candidates (those with no known contraindication),
beta-blockers for 53–83 percent of ideal candidates, and angiotensin con-
verting enzyme (ACE) inhibitors for 59–83 percent of ideal candidates
(Alexander et al., 1998; Petersen et al., 2001, 2003; Krumholz et al., 2003;
Sanborn et al., 2004; Granger et al., 2005; Roe et al., 2005). Rates of
prophylaxis for bacterial infections among surgical patients ranged from 70
to 98 percent (Heineck et al., 1999; Vaisbrud et al., 1999; Gupta et al.,
2003; van Kasteren et al., 2003; Bedouch et al., 2004; Quenon et al., 2004).
Rates of thromboembolic prophylaxis varied greatly—from 5 to 81 percent
(Ageno et al., 2002; Ahmad et al., 2002; Aujesky et al., 2002; Campbell et

TABLE 3-11 Underutilization of Medications in Hospitals
Patients discharged with Percentage of patients given aspirin within 24 hours of
diagnosis of acute hospitalization
myocardial infarction 85–93 (3 studies)

Percentage of patients prescribed aspirin at discharge
53–93 (6 studies)

Percentage of patients given beta-blockers within 24 hours
of hospitalization
66–78 (3 studies)

Percentage of patients prescribed beta-blockers at discharge
53–83 (6 studies)

Percentage of patients prescribed angiotensin converting
enzyme (ACE) inhibitors at discharge
51–73 (6 studies)

Rates of antibiotic Percentage of procedures for which patients prescribed
prophylaxis in surgical antibiotics
studies 70–98 (6 studies)

Rates of thromboembolic Percentage of procedures for which thromboembolic
prophylaxis in surgical prophylaxis carried out
studies 5–90 (9 studies)
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al., 2001; Freeman et al., 2002; Learhinan and Alderman, 2003; Scott et al.,
2003; Tan and Tan, 2004; Chopard et al., 2005).

Underutilization of Medications in Nursing Homes

In a study of residents over age 65 in assisted-living facilities, 62 per-
cent of those with congestive heart failure were not receiving an ACE
inhibitor; of those with a history of myocardial infarction, 60.5 percent
were not receiving aspirin, and 76 percent were not receiving beta-blockers;
of those with a history of stroke, 37.5 percent were not receiving an anti-
coagulant or antiplatelet product; and of those with osteoporosis, 61 per-
cent were not receiving calcium supplements (Sloane et al., 2004). In a
second study of nursing home residents, only 53 percent of ideal candidates
with atrial fibrillation were receiving warfarin (McCormick et al., 2001). A
third study showed that only 25 percent of nursing home residents with
congestive heart failure had been prescribed an ACE inhibitor (Gambassi et
al., 2000). A fourth study showed that only 55 percent of residents identi-
fied as depressed had received antidepressants (Brown et al., 2002).

Inadequate pain management is well documented in nursing homes,
with 45–80 percent of residents experiencing unrelieved pain (AGS, 2002).
Results of cross-sectional studies indicate that 26 percent of nursing home
residents overall and 30 percent of those with a cancer diagnosis have daily
pain, and approximately 25 percent of these patients receive no analgesics
(Bernabei et al., 1998; Won et al., 1999, 2004).

Underutilization of Medications in Ambulatory Care

A number of studies have examined underutilization of medications in
ambulatory care. A major U.S. study of both inpatient and outpatient care
carried out during 1998–2000 found high levels of errors of omission gener-
ally: across a wide range of acute and chronic conditions, patients received 55
percent of recommended care (McGlynn et al., 2003). Regarding the use of
medications in particular, 69 percent of patients received recommended care;
of those presenting with myocardial infarction, however, only 45 percent of
ideal candidates received beta-blockers and 61 percent aspirin.

Analysis of the results of three phases of the National Health and
Nutrition Examination Survey shows that rates of hypertension control,
although improving, continue to be low (Hajjar and Kotchen, 2003). Of
those with hypertension in the 1988–1991 phase of the survey, 52 percent
received treatment, and 25 percent achieved control of their hypertension;
in the 1991–1994 phase, 52 percent received treatment, and 23 percent
achieved control; and in the 1999–2000 phase, 58 percent received treat-
ment, and 31 percent achieved control.
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One study found that the outpatient use of evidence-based therapies for
coronary artery disease is increasing, but remains suboptimal (Newby et al.,
2006). The proportion of patients reporting use (consistently or inconsis-
tently) of aspirin, beta-blockers, and lipid-lowering agents increased over
time, and in the last year (2002) of the study, the use of aspirin was 83
percent, of beta-blockers 61 percent, and of lipid-lowering agents 63 per-
cent. Rates of consistent use were, however, much lower: for aspirin 71
percent of patients, for beta-blockers 46 percent, and for lipid-lowering
agents 43 percent.

Overutilization of Medications

Overutilization of medications represents an important problem and is
best documented in the treatment of colds, upper respiratory infections,
and bronchitis by antibiotics. These infections are common diagnoses in the
ambulatory care setting. Such infections are overwhelmingly viral in origin
and do not respond to antibiotics (Arroll and Kenealy, 2002; Thomas and
Arroll, 2000). Nevertheless, patients are often prescribed antibiotics for
these diseases, thereby being exposed to ADEs; increased antibiotic resis-
tance results as well. Although prescribing of unnecessary drugs has not
always been considered a medication error (but rather overuse), clearly the
problem exists and represents a major opportunity for improvement.

For example, using National Ambulatory Medical Care Survey data for
1992, a study found that 51 percent of adult patients diagnosed as having
colds, 52 percent of adult patients diagnosed as having upper respiratory
tract infections, and 66 percent of adult patients diagnosed as having bron-
chitis were treated with antibiotics (Gonzales et al., 1997). A parallel study
on antibiotic prescribing for children using the same dataset found similar
results: antibiotics were prescribed for 44 percent of patients with colds, 46
percent of patients with upper respiratory tract infections, and 75 percent
of patients with bronchitis (Nyquist et al., 1998). A third study, using
National Ambulatory Medical Care Survey data for 1996, found that in the
emergency department, antibiotics were prescribed for 24 percent of pa-
tients with common colds and upper respiratory tract infections and 42
percent of patients with bronchitis (Stone et al., 2000).

Results of later studies indicate that the prescribing of antimicrobials
for respiratory tract infections has declined somewhat. Again using Na-
tional Ambulatory Medical Care Survey data for the period 1989–1990 to
1999–2000 for respiratory tract infections, the prescribing of antimicrobi-
als for children and adolescents decreased from 67 to 38 prescriptions per
100 office visits, and the visit-based prescription rate decreased from 72 to
61 per 100 visits (McCaig et al., 2002). Similarly for adults, the prescribing
of antibiotics for acute respiratory infections fell from 60 percent of outpa-
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tient office visits during 1995–1996 to 49 percent of office visits during the
2001–2002 (Roumie et al., 2005). The general issue of overuse of medica-
tions in patients with other conditions is also undoubtedly important, but
this is perhaps the best-documented case.

Impact of Formularies on Medication Safety

In an effort to control the costs of pharmaceuticals, managed care
organizations have established formularies—schedules of prescription
drugs that will be paid for by a health insurance plan and dispensed
through participating pharmacies. Often patients taking prescription drugs
switch from one managed care organization to another, resulting in the
need to switch to another formulary. This sometimes involves patients
changing their medications. Moreover, there can be difficulties in the
handoffs between managed care organizations, which can result in pa-
tients having periods of time off their medications. Formulary changes
may also be required when a patient moves from an outpatient to an
inpatient and then back to an outpatient setting. In this situation, a recent
study found a minimal effect of the hospital formulary on postadmis-
sion use of proton pump inhibitors and statins as compared with pre-
admission use in a privately insured managed care population (Sun et al.,
2005).

Limited research has been carried out on the impact of the use of
formularies and formulary switching on medication safety. A major review
of studies of interventions to improve drug use in managed care organiza-
tions found evidence for the effectiveness of several interventions but little
understanding of longer-term efficacy and safety issues (Pearson et al.,
2003). An editorial in a psychiatric journal commented that Medicaid pre-
ferred drug lists had been rapidly implemented across the nation, but stud-
ies analyzing the impact of these lists on patients had not kept pace (Elam et
al., 2005). In the case of psychotropic drugs, however, concerns have been
raised about the use of overly restrictive formularies. Studies have shown
that the failure to respond to one selective serotonin reuptake inhibitor or
the occurrence of severe side effects does not mean the patient will have the
same experience with another such drug (Huskamp, 2003). The committee
believes the impact of the use of formularies and formulary switching on
medication safety is an area that requires further research.

COSTS

The costs of medication errors have been much less well researched
than incidence rates. The committee could find no studies on the costs of
ADEs relating to pediatric and psychiatric care or to the use of OTC and
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complementary and alternative medications. Most of the cost studies that
have been carried out relate to ADEs associated with hospital care. This
group of studies has examined both the costs of ADEs experienced in
hospitals and the costs of emergency room visits or hospital admissions
that are attributable to an earlier ADE. A few studies have examined the
costs of ADEs in nursing home and ambulatory care. Some studies have
used cost models of the health care delivery system to estimate annual
national costs attributable to drug-related morbidity and mortality in
ambulatory care.

Hospitals

As noted, hospital-related studies fall into two categories—those ad-
dressing the costs of ADEs experienced while in the hospital, and those
addressing the costs of emergency room visits and hospital admissions that
can be attributable to earlier ADEs.

Costs of ADEs Experienced in Hospitals

Only one study was found that estimated the extra hospital costs of a
preventable ADE occurring in a hospital. This study, carried out in 1993
within the Adverse Drug Events Prevention Study, found that after adjust-
ing7 for patient comorbidities and case mix, the additional length of stay
associated with a preventable ADE was 4.6 days, with an increase in total
cost of $5,857 (Bates et al., 1997). From these data, the authors estimated
that in a 700-bed teaching hospital, preventable ADEs resulted in an addi-
tional cost of $2.8 million per year (Bates et al., 1997).

Costs of Emergency Room Visits and Hospital Admissions Attributable
to Prior ADEs

A few studies have estimated the hospital/emergency room costs and
the proportion of hospital admissions and emergency room visits attribut-
able to an earlier preventable ADE.

In a study at a tertiary hospital, a computer-based monitoring program
was used to identify admissions that may have been associated with an
ADE. Among 3,238 admissions, 1.4 percent were found to be due to an
ADE (Jha et al., 2001). Of these ADEs, 28 percent were preventable. Esti-
mated costs were $10,375 per preventable ADE; annual costs to the hospi-
tal were $1.2 million per year for all preventable ADEs.

7Adjusting for patient comorbidities and case mix is rarely completely successful, but it is
the best possible approach since patients cannot be randomized to have or not have an ADE.
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Based on data on patients who presented in 1994 at the emergency
department of a 560-bed teaching hospital, the costs of treating those with
a preventable ADE experienced previously were $308 for those who were
not hospitalized and $2,752 for those who were (Dennehy et al., 1996).
The study found that 4 percent of all emergency department visits (50 of
1,260) were due to prior ADEs; of these ADEs, 66 percent were judged
preventable.

In one study of 253 patients presenting to an emergency department,
71 (28 percent) made their visit because of an ADE (Tafreshi et al., 1999).
Of these 71 visits, 50 (70.4 percent) were judged to be due to a preventable
ADE. The average cost to the institution was approximately $1,444 for
each preventable medication-related visit.

Costs of Medication Errors in Nursing Homes

A study of medication problems in one nursing home provided informa-
tion on the costs of ADEs in the nursing home setting (Cooper, 1987). That
study reported two cases of antibiotic-related errors (omission and known
drug allergy) that resulted in hospitalizations costing $3,923 and more than
$5,000, respectively. It was further reported (GAO, 2000) that preventable
errors in that nursing home cost up to $340,942 over a 2-year period.

Costs of Medication Errors in Ambulatory Care

Only one study was found that addressed the cost of ADEs in ambula-
tory care. In a study carried out from July 1999 to June 2000, the estimated
increased costs (relative to costs incurred in a matched comparison group)
associated with ADEs and preventable ADEs among older adults in the
ambulatory care setting were $1,310 and $1,983, respectively. Inpatient
stays accounted for 71 percent of the additional costs for ADEs and 62
percent of the additional cost for preventable ADEs. Based on the study’s
cost estimates and rates of ADEs, the annual costs related to ADEs and
preventable ADEs in 1,000 older adults would be $65,631 and $27,365,
respectively (Field et al., 2005).

Overall Costs of Preventable Medication Errors

In summary, our understanding of the cost of medication errors is very
incomplete. Most of what we know relates to additional health care costs
associated with preventable ADEs, which represent the injuries caused by
errors:

• Hospitals—Classen and colleagues (1997) projected 380,000 pre-
ventable ADEs occurring annually and Bates and colleagues (1995b)
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450,000; these are likely underestimates given the higher rates of another
study (Jha et al., 1998). There is one estimate of the extra costs of inpatient
care for a preventable ADE—$5,857 (Bates et al., 1997); this figure ex-
cludes health care costs outside the hospital and is derived from 1993 cost
data. Assuming conservatively an annual incidence of 400,000 preventable
ADEs, each incurring extra hospital costs of $5,857, gives a total cost of
$2.3 billion (1993 dollars) or $3.5 billion8 (2006 dollars).

• Long-term care—Gurwitz and colleagues (2005) projected an an-
nual incidence of 800,000 preventable ADEs—again likely an underesti-
mate given the higher ADE rates of earlier studies (Gerety et al., 1993;
Cooper, 1999). However, there is no estimate of the health care costs for
this group of preventable ADEs.

• Ambulatory care—The best estimate derives from a study (Field et
al., 2005) of the costs of ADEs in older adults, which estimated the annual
cost of preventable ADEs for all Medicare enrollees aged 65 and older. The
cost per preventable ADE was $1,983, and the national annual costs were
estimated to be $887 million in 2000. These figures include the costs of
inpatient stays (62 percent of the total cost), emergency department visits
(6 percent), outpatient care and physician fees (28 percent), and prescribed
medicines (4 percent). The national estimate is almost certainly conserva-
tive because the detection approach used did not include direct patient
contact, which identifies many more ADEs than other approaches.

In addition to the likelihood of being underestimates, the above esti-
mates have some important omissions. First, the costs of some highly com-
mon medication errors, such as drug use without a medically valid indica-
tion and failure to receive drugs that should have been prescribed, were
excluded from the Medicare study of ambulatory ADEs (Field et al., 2005).
Moreover, the costs of morbidity and mortality arising from the lack of
adherence to the drug regimen were not assessed. Second, all the cost
studies omitted other important costs—lost earnings, the costs of not being
able to carry out household duties (lost household production), and com-
pensation for pain and suffering. Third, few data are available for any
setting regarding the costs of medication errors that do not result in harm.
While no injury is involved, these errors often create extra work, and the
costs involved may be substantial. For example, one estimate suggested that
a 700-bed hospital has 300,000 medication errors per year, each of which
creates approximately 20 minutes of extra work for providers—mainly
nurses and pharmacists (Bates et al., 1995a). Near-misses may also cost

8The producer price index for general medical and surgical hospitals increased by 49.4
percent between 1993 and 2006 (BLS, 2006).
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more than medication errors with little potential for harm, although this
possibility has not been assessed formally.

Limited Understanding of the Costs of Medication Errors

Very few studies have examined the costs of medication errors in indi-
vidual care settings; rather, studies have focused mainly on the additional
hospital costs of ADEs. One study (Bates et al., 1997) used cost data that
are now more than 10 years old. There has been one study of the health
care costs of treating preventable ADEs occurring in ambulatory care.

There are large gaps in our understanding of the costs of medication
errors. No studies have been conducted on (1) the costs of medication
errors in pediatric and psychiatric care, (2) the costs associated with errors
involving OTC and complementary and alternative medications, (3) the
costs of medication errors not considered ADEs, (4) the costs of the failure
to receive drugs that should have been prescribed, (5) the costs of over-
utilization of drugs (for example, antibiotics), and (6) the costs associated
with nonadherence to prescribed drugs in the ambulatory setting. Finally,
we have limited understanding of the economic and social costs of medica-
tion errors borne by patients and their families.

CONCLUSION

On the basis of the information currently available about the various
types of medication errors, the committee acknowledges that it is impos-
sible to formulate a fully comprehensive set of corrective medication error
strategies. For example, there is a need to better define the impact on the
incidence of errors in the medication-use stage of system problems in the
research and development, regulatory review, and distribution/marketing
stages (for example, inadequate information about dosages for special popu-
lations, look-alike/sound-alike drug names). In addition, the impact of
underutilization of medications for the treatment of acute coronary syn-
dromes, for antibiotic prophylaxis, and for thrombosis prophylaxis is not
well understood. The area best understood is the incidence of preventable
ADEs in various care settings—especially in the hospital, but also in nursing
homes and in ambulatory care for adults—where significant problems and
their causes have been identified. More research is needed to evaluate the
impact of upstream problems on the incidence of errors in the use of medi-
cations, as well as the impact of the underutilization of medications.
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Part II

Moving Toward a Patient-Centered,
Integrated Medication-Use System

TRANSFORMING THE MEDICATION-USE SYSTEM

Medication safety as a strategic goal and core value of health care is
essential at all levels of the health care system—that of patient/consumer
in terms of both self-management and relationship–partnership with the
provider; that of provider microsystems (e.g., small units of care); that
of systems, products, and stakeholders that support the consumer, the
consumer–provider relationship, and provider microsystems; and that of
the environment, which includes research, regulatory, and legal factors
important to the function of each of the other levels and the system as a
whole (Leape et al., 1998). From this perspective, medication safety be-
comes everyone’s responsibility. All individuals, departments, commit-
tees, teams, and services apply safety principles in their work (CIHSP,
2001). Management provides necessary resources, incentives, and rewards
for optimal safety performance. There is openness, including with pa-
tients and families, regarding errors and problems. Safety decisions are
made by those in the best position to protect the patient, regardless of
rank or hierarchy (CIHSP, 2001). At the heart of all care is patient- and
family-centeredness encompassing the qualities of compassion; empathy;
and responsiveness to the needs, values, and expressed preferences of the
individual (IOM, 2001). This new system, then, is different in attitude,
culture, design, and operation (Christopherson, 2004) from the health
care system whose deficiencies were highlighted in the Quality Chasm
report (IOM, 2001).
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Given these deficiencies, the Quality Chasm report called for profound
changes and a paradigm shift away from a paternalistic, provider-centric
system. The report outlined 10 new rules to guide the transition to a health
care system that would better meet patients’ needs (IOM, 2001, p. 8–9):

1. Care based on continuous healing relationships. Patients should
receive care whenever they need it and in many forms, not just face-to-face
visits. This rule implies that the health care system should be responsive at
all times (24 hours a day, every day) and that access to care should be
provided over the Internet, by telephone, and by other means in addition to
face-to-face visits.

2. Customization based on patient needs and values. The system of
care should be designed to meet the most common types of needs, but have
the capability to respond to individual patient choices and preferences.

3. The patient as the source of control. Patients should be given the
necessary information and the opportunity to exercise the degree of control
they choose over health care decisions that affect them. The health system
should be able to accommodate differences in patient preferences and en-
courage shared decision making.

4. Shared knowledge and the free flow of information. Patients should
have unfettered access to their own medical information and to clinical
knowledge. Clinicians and patients should communicate effectively and
share information.

5. Evidence-based decision making. Patients should receive care based
on the best available scientific knowledge. Care should not vary illogically
from clinician to clinician or from place to place.

6. Safety as a system property. Patients should be safe from injury
caused by the care system. Reducing risk and ensuring safety require greater
attention to systems that help prevent and mitigate errors.

7. The need for transparency. The health care system should make
information available to patients and their families that allows them to
make informed decisions when selecting a health plan, hospital, or clinical
practice, or choosing among alternative treatments. This should include
information describing the system’s performance on safety, evidence-based
practice, and patient satisfaction.

8. Anticipation of needs. The health system should anticipate patient
needs, rather than simply reacting to events.

9. Continuous decrease in waste. The health system should not waste
resources or patient time.

10. Cooperation among clinicians. Clinicians and institutions should
actively collaborate and communicate to ensure an appropriate exchange of
information and coordination of care.
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These rules serve as the basis for the discussion of medication safety
and quality improvement in this report. Applying these rules, the committee
developed a new vision of a patient-centered, integrated medication-use
system. This model, outlined in Table II-1, is intended to engender new
expectations and actions on the part of those involved at all levels of the
system by conceptualizing important factors that influence the current and
the envisioned, safe state. More in-depth discussion of specific actions that
can be taken to achieve the safe state is presented in Chapters 4 through 8.

TABLE II-1 Transforming the Medication-Use System: Where We Are
and Where We Want to Be
Reality: Where We Generally Are Vision: Where We Want to Be

Patient and Community Experiences
The health system is provider-centric and
provider-directed.

The patient experience is highly variable;
minimum expectations are not
consistently met.

Providers focus on patient medications in
the context of an encounter.

Self-management issues include
nonadherence, knowledge deficits,
practical barriers, and attitudinal
barriers.

Families and caregivers are not generally
recognized or supported.

Patients, families, providers, and
pharmacies lack a single accurate patient
medication record.

Over-the-counter (OTC) drugs and
dietary supplements are not considered
medications for purposes of the
medication record.

The health system is patient-centered;
patients are listened to and respected as
informed, engaged full partners and the
source of control.

Specific patient rights and expectations
are honored across the health system and
applied specifically and consistently to
the medication-use process.

Patient health and satisfaction are the
focus, optimized through self-care, self-
management, and the continuum of care.

Through supportive interventions,
education, patient contracts, and
behavioral change, patients are skilled in
managing wellness, along with their
acute, chronic, and disability needs.

Families and caregivers are encouraged to
be full participants in care.

Each patient has a single electronic
medication record. The patient, all
providers, and pharmacies work from
this record. All medications are
reconciled against this record.

Medications, OTCs, and dietary
supplements are part of the medication
record and patient care.

continued
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Medication education is not a high
priority, nor is it provided according to
literacy levels.

Medication instructions are variable,
presented with too much information,
difficult to read, and inadequate.

Staffing levels prevent providers from
giving careful care, making respectful
inquiries, and educating the patient.

The patient’s medication experience is
one of fragile processes, inconsistency,
defects, and waste.

Patients are unclear about where to go
for additional medication information
and answers to questions.

Patients are unclear on expectations for
reporting complications and on how to
report and resolve complications when
they occur.

Patients do not receive clear explanations
on what to do if an adverse event or
unanticipated medication outcome
occurs.

Patients feel distanced from health care
staff and organizations and get few
answers when a medication error occurs.

Patients lack mechanisms to report
medication errors for accountability or
learning purposes.

Patients do not experience a system that
is organized for care across multiple
settings or during care transitions.

Education is a priority, with verbal
counseling and materials the patient can
understand, and with sensitivity to
culture and lifestyle.

Medication instructions are standardized,
focused, comprehensive, and useful, and
designed to maximize safety.

Staffing calculations and expectations
allow for careful care, respectful
inquiries, and patient education.

The medication-use process produces for
the patient consistently high reliability
and performance.

Providers and pharmacies provide
around-the-clock telephone and Internet
resources to answer medication questions.

Clinicians provide appropriate
instructions and encouragement to
patients for reporting of adverse side
effects. Resources to address compli-
cations from prescriptions are available
around the clock.

After experiencing an adverse event or
unanticipated medication outcome,
patients, as well as families as appro-
priate, receive support, with their
concerns addressed.

Patients, and families as appropriate,
receive truth and support, being told
what happened, why, what to expect, and
what is being done to prevent a
recurrence, as well as a statement of
regret or apology.

Reporting systems with multiple options
capture reports of medication errors from
patients and families.

The system is patient-centered, with active
support across transitions of care. In
partnership with the patient, a clinician is
responsible for coordination of care, and
in this case, medication management.

TABLE II-1 continued
Reality: Where We Generally Are Vision: Where We Want to Be
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Patients on chronic therapy may not be
subject to appropriate monitoring for
toxicities and side effects.

Requests for renewals of medications are
cumbersome and unreconciled.

Patients are dependent on clinicians for
medication safety alerts.

Professional autonomy drives variability.

Medication safety is an individual
responsibility.

Safety can be overridden by volume and
time pressures.

Secrecy is necessary.

Staffing is based on historical trends and
budgetary considerations.

Medication orders are largely paper-
based.

The safety of medication orders depends
on the vigilance of the ordering
physician, nurses, pharmacists, and
others.  Systems to validate the total
medication management plan are not in
place or not consistently used. Patients
may be taking medications no longer
needed or therapeutic duplications, or
may not be taking medications on an
optimum administration schedule.

Medication communications are
unstructured and often oral.

Patients receive appropriate monitoring
(laboratory tests) to detect any harm
resulting from chronic administration of
medications.

Patients have easy access to telephone
and Internet-based prescription renewals
with concurrent reconciliation.

Safety alerts are communicated directly
to patients, and follow-up measures are
taken.

Medications are customized to patient
needs and values.

Medication safety is a system property.

Providing safe care is always the highest
priority.

Transparency is necessary.

Staffing is based on workload and the
complexity of patients needs.

Medication orders are computer-based,
with decision support.

All clinicians have immediate access to
complete patient information and point-
of-care reference information. The
ordering process is guided by medication
knowledge bases and other decision-
support tools. Reconciliation is ongoing.
In addition to being reviewed at the time
of each prescribing event, a patient’s
medication regimen is reviewed at least
every X months to minimize therapeutic
duplications, drug interactions,
unnecessary treatments, and the like.

Medication communications are inter-
disciplinary and structured and include
the patient.

TABLE II-1 continued
Reality: Where We Generally Are Vision: Where We Want to Be

Organizational and Microsystem-Based Medication-Use Processes

continued
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Orders called into pharmacies are oral
and error-prone.

The medication administration record is
typically paper-based, incomplete, and
broadly inaccessible.

The incidence of near-misses, adverse
drug events, and medication errors is
generally unknown by setting.

Learning with regard to medication
errors, when it does occur, is limited to a
single setting.

Reports of medication errors lead to
punitive responses.

The impact of medication management
on health outcomes is unknown.

Processes supporting medication
management have evolved over time, with
multiple steps and high complexity.

Medication management improvement
activities are focused on pharmacy
quality assurance.

The focus of care coordination and
medication management is on transitions
into and out of one setting.

Medication selection may be driven by
cost rather than by optimization of
therapy.

The focus of medication management is
cost reduction.

All prescriptions are written and received
in pharmacies electronically (e-prescribing),
with appropriate decision support available
in pharmacy computer systems.

A single electronic medication
administration record is broadly
accessible.

All settings know their specific incidence
of near-misses, adverse drug events, and
medication errors through improved
monitoring.

There is dissemination and diffusion of
organizational learning from errors, with
reporting to national agencies.

Reporting stimulates learning in a fair
and just culture.

Studies are conducted of medication
management’s impact on outcomes, by
setting, both individually and collectively.

The medication management process is
carefully designed, using principles and
tools such as lean reliability and six-
sigma, to produce reliable results 100
percent of the time.

Medication management quality
improvement activities are
interdisciplinary and systemwide, and
include the patient’s experience.

Care coordination embraces the whole
experience of medication care.

The approach to health care expenses
and decisions to treat is holistic, based
on what is best for the patient.

The focus of medication management is
waste reduction.

TABLE II-1 continued
Reality: Where We Generally Are Vision: Where We Want to Be
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TABLE II-1 continued
Reality: Where We Generally Are Vision: Where We Want to Be

Environmental Context for Medication-Use Processes
Patients experience disjointed care, with
confusing/contradictory medication
management.

Adoption of electronic medical records
and e-prescribing continues to be slow.

Commercial pharmacy quality assurance
and improvement activities are voluntary
and inconsistent.

Medication safety education is
fragmented and inconsistently delivered
to the interdisciplinary team.

Direct-to-consumer marketing can result
in misleading claims about the
effectiveness of medications.

Medication information resources are
scattered and disjointed.

Drug naming, labeling, and information
sheet development are complex and
confusing and lead to errors.

The legal environment discourages
transparency, reporting, and learning, as
well as appropriate responses to claims.

Some adverse medication events with
harm are unavoidable—“the cost of
doing business.”

Medication treatment management
programs are supported with incremental
funding.

Financial incentives and baseline
e-prescribing standards rapidly accelerate
adoption.

Medication management/pharmacy
quality assurance and quality improve-
ment are mandatory in all settings.

Stakeholders develop and disseminate
standardized interdisciplinary medication
education safety programs.

Clinicians and patients have the
information they need to make informed
decisions about medications.
Manufacturers agree to curb claims in
their advertising.

Consumer-based resource centers for
medication and safety information are
widely distributed.

A focused research agenda is aimed at
determining what strategies and tactics
can improve understanding and reduce
errors.

All components of the medication-use
system, including the patient, consider
the current legal and claims system fair
and just.

A concerted effort is made to reduce, mini-
mize, or mitigate harm by reconsidering
current treatment plans, dosing levels, and/
or use of adjunctive therapy.

NOTE: This table is organized around the chain of effect in improving health care quality as
identified by Berwick (2002).
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MAKING THE VISION A REALITY:
AN OVERVIEW OF THE REMAINDER OF THE REPORT

The committee believes a key step in improving the safety of the
medication-use process is establishing a strong patient–provider partner-
ship. Chapter 4 provides guidance on ways for both patient and the pro-
vider to strengthen this partnership. In addition, the chapter recommends
ways of improving the information infrastructure available to the patient.

Chapter 5 contains the committee’s recommendations on short- and
long-term system changes that health care organizations can make in the
medication-use process in three settings—the inpatient, nursing home, and
outpatient—and in care transitions.

Pharmaceutical, medical device, and health information technology
companies represent the chief product-related industry sectors of the
medication-use system. Chapter 6 provides an action agenda for design
improvements to the information products and medical devices produced
by these industries, focused on improving medication safety.

The committee uncovered enormous gaps in the knowledge base re-
garding medication errors. In Chapter 7, the committee proposes an ap-
plied research agenda for the safe use of medications across all care settings,
covering research methodologies, incidence rates, costs of medication er-
rors, reporting systems, and testing of error prevention strategies.

Finally, health care delivery is shaped by legislators, regulators, ac-
creditators, and payers. Chapter 8 proposes ways for these stakeholders to
motivate the adoption of practices and technologies that can reduce medi-
cation errors, and to ensure that professionals have the competencies re-
quired to deliver medications safely.
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4

Action Agenda to Support the
Consumer–Provider Partnership

CHAPTER SUMMARY

A key step in improving the safety of the medication-use pro-
cess is establishing a consumer–provider partnership. The consumer
of health care—the patient—is the person with the greatest stake in
identifying and preventing medication errors. The chapter addresses
ways in which both consumers and providers (including physi-
cians, nurses, and pharmacists) can strengthen the consumer–
patient partnership. There are also many areas for improvement in
consumer-oriented drug information.

According to a 2004 survey by the Kaiser Family Foundation, 48 per-
cent of Americans are concerned about the safety of the medical care they
and their families receive, and 55 percent are dissatisfied with the quality of
the nation’s health care—up from 44 percent who expressed this view in a
survey conducted 4 years ago (KFF, 2004). Results of other national and
international surveys indicate that 34 to 40 percent of individuals have
experienced a medical error themselves or know of a family member or
friend who has (CMWF 2005; NPSF, 1997). A National Patient Safety
Foundation survey found that among those who had personally experi-
enced an error, 40 percent of the errors were due to mistakes in diagnosis
and wrong treatments. Medication errors accounted for 28 percent of the
errors, while 22 percent were the result of mistakes during surgery. In a six-
country survey by the Commonwealth Fund, 28 to 32 percent of patients in
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each country said treatment risks had not been completely explained during
their hospital stay. In addition, 55 to 64 percent of patients said physicians
had not always reviewed all their medications during the past year, and 47
to 69 percent stated that physicians did not always explain the side effects
of medications (CMWF, 2005).

Usually, people are not told about an error unless injury or death
occurs. In a nationally representative survey of hospital risk managers, the
vast majority reported that their hospital’s practice was to disclose harm at
least some of the time, although only one-third of hospitals actually had
board-approved policies for doing so in place (Lamb et al., 2003). More
than half of respondents stated that they would always disclose a death or
serious injury; when presented with actual clinical scenarios, however, re-
spondents revealed they were much less likely to disclose preventable harm
than to disclose nonpreventable harm of comparable severity. In a 2004
survey by the Premier Safety Institute, no respondents indicated that disclo-
sures of errors causing serious or short-term harm were never given; 57
percent said such errors were frequently disclosed to patients or families,
while 37 percent said such disclosures were always made (PSI, 2004).

The following is an example of a medication error that resulted in a
fatality:

Eighteen-month-old Josie King was admitted to the hospital for first- and
second-degree burns received when she climbed into a hot tub. She spent
10 days in the pediatric intensive care unit, with her mother being vigilant
as to the details of her care. Josie was recovering and was transferred to
an intermediate care floor for a few more days. After her central line was
removed, however, her condition worsened. Although her mother ex-
pressed concern about Josie’s new symptoms, which at one point included
sucking avidly on a wet washcloth, those concerns were not addressed by
the shift nurses. Moreover, despite a doctor’s order that no narcotics be
administered to the child, and over the objections of her mother, Josie
received a narcotic pain medication 2 days before she was to go home. She
then experienced cardiac arrest. In retrospect, the child’s symptoms re-
flected progressive dehydration. Josie’s mother is among the many indi-
viduals, parents, and surrogates whose voices are often ignored by provid-
ers (JKF, 2002).

The following are examples of medication errors with the potential to
result in death or serious harm:

A child with leukemia was discharged from the hospital with a nasogas-
tric tube in place for intermittent enteral feeding. While readmitted for
chemotherapy, he developed an infection and had a peripherally inserted
central catheter (PICC) emplaced for the administration of antibiotics. He
recovered from the infection and was discharged. Shortly thereafter, the
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PICC line clotted. His mother called the home care nurse. When the nurse
arrived, she found that the mother was about to use a syringe of ginger ale
to clear the PICC line and prevented a serious error. Having been taught
to clear the child’s feeding tube with ginger ale, the mother thought the
same could be done with the PICC line. She is just one example of the
many caretakers who do not receive adequate discharge counseling
(Cohen, 2000).

A middle-aged man with newly developed asthma was prescribed an in-
haler, but was not responding to treatment. During a follow-up visit, he
described how he was using the inhaler. He would squirt two puffs in the
air and breathe deeply for 15 minutes. He said he’d been instructed to do
this by his doctor, who had picked up an inhaler, held it in the air, and
released two puffs to demonstrate its use. The doctor had given the man
no further instructions. The man had not read the instructions on the
package because he was functionally illiterate. He is an example of the
millions of Americans who do not receive adequate medication instruc-
tions and have difficulty with basic reading and writing (Cohen, 2000).

Each of the above cases illustrates the potentially lethal consequences
of inadequate and ineffective interactions between consumers (patients or
surrogates) and providers. The cases underscore the most common com-
plaint about providers—they fail to take the time to listen and to explain.
Some communication problems have been attributed to the fact that many
health care providers focus on diseases and their management rather than
on people, their lives, and their health issues (Lewin at al., 2005). Other
issues concern the lack of understanding and respect for patients’ rights to
be informed and to play an active role in their and their family members’
care. Unfortunately, such circumstances are commonplace (Annas, 2004;
KFF, 2004; CMWF, 2005). Care delivered without good communication
and follow-through on patient rights is provider-centric when in truth,
consumers want and increasingly expect care that is patient-centered
(Cleary, 1993). The Institute for Healthcare Improvement’s program on
Patient and Family Voices has identified key aspects of patient-centered
care desired by consumers (see Box 4-1).

FOUNDATION FOR IMPROVEMENT

Improving safety and quality in the medication-use system requires a
shift from the conventional approach to care toward a patient-centered
model based on consumer–provider partnership and communication. The
foundation for this change has several elements discussed in this chapter.
First, all participants in the health care delivery system need to acquire a
thorough understanding of what patient-centered care really entails in terms
of both the consumer–provider relationship and the culture of the health
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care organization. Second, consumers need to be empowered to play an
active role in their care through the establishment of patient rights that are
ensured at all points along the medication-use continuum, enhancing the
presence, power, and participation of consumers in their relationships with
providers. Third, certain basic, definitive actions can be taken to minimize
and prevent medication errors and other safety issues; for example, the
consumer can carry a medication list, and the provider can regularly prac-
tice medication reconcilation. Fourth, participants in the health care deliv-
ery system should seek to understand and address barriers to patient-
centered care, patient–provider communication, and consumer medication
self-management. Finally, resources need to be developed to support part-
nership, communication, and self-management. The first two of these ele-
ments are discussed below; the others are addressed in the remainder of the
chapter.

Understanding Patient-Centered Care

Understanding patient-centered care is critical to quality and safety in
medication use. Patient-centered care is an approach that adopts perspec-
tive of patients—what matters to them, what affects them either positively
or negatively, and their experience of illness (Gerteis et al., 1993). The
aim is to see people in their biopsychosocial entirety, understanding the
whole person, sharing power and responsibility, and drawing attention to

BOX 4-1
Patients’ Expectations of Their Providers

• To be listened to, taken seriously, and respected as a care partner.
– To have family/caregivers treated the same.
– To participate in decision making at the level they choose.

• To always be told the truth.
– To have things explained fully and clearly.
– To receive an explanation and apology if things go wrong.

• To have information communicated to the entire care team.
– To have care promptly and impeccably documented.
– To have these records made available if requested.

• For care to be coordinated among all members of the health care team
across settings.

• To be supported emotionally as well as physically.
• To receive high-quality, safe care.

SOURCE: IHI, 2005.
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patients’ individual identities (Armstrong, 1982; Stewart, 1995; Stewart
et al., 1995; Mead and Bower, 2000). The approach recognizes that im-
portant aspects of the patient’s experience have just as much to do with
the quality of care delivery during interactions with medical staff as the
actual medical care itself (Frampton et al., 2003). It focuses attention on
the heart of the patient–provider relationship—communication during
each clinical encounter, whether a consultation, intervention, or simple
exchange. Patient-centered care that embodies both effective communica-
tion and technical skill is necessary to achieve safety and quality of care
(Griffin et al., 2004).

Although a number of definitions have been presented in the academic
and clinical literature (Frampton et al., 2003; Lewin et al., 2005), the
Committee on Identifying and Preventing Medication Errors uses the mul-
tifaceted definition developed by Gerteis and colleagues (1993) and es-
poused in previous Institute of Medicine (IOM) reports. This definition
encompasses seven primary dimensions of patient-centered care, as de-
scribed in Box 4-2: (1) respect for patients’ values, preferences, and ex-
pressed needs; (2) coordination and integration of care; (3) information,
communication, and education; (4) physical comfort; (5) emotional sup-
port and alleviation of fear and anxiety; (6) involvement of family and
friends; and (7) transition and continuity. Effective, patient-centered commu-
nication along these dimensions supports a more collaborative consumer–
provider relationship whereby the joint definition of problems, treatment
goals, and management strategies can be accomplished (Von Korff et al.,
1997; Wolpert and Anderson, 2001). This collaboration, in turn, can lead to
improved patient satisfaction, engagement in decision making, participation
in prevention activities (Flach et al., 2004), better self-management of chronic
conditions (Heisler et al., 2002), and adherence to medication regimens
(Safran et al., 1998).

Even though the benefits of patient-centered communication are well
understood, they have not been well implemented across health care set-
tings, institutions, and practices (IOM, 2001). In today’s health care sys-
tem, such communication is sometimes sacrificed as a result of the intrusion
of business into clinical practice, the pressures of limited time for office
visits, the culture of medicalization, and the often all-consuming focus on
technology (Teutsch, 2003). There is a misconception that supportive inter-
actions require more staff or more time and are therefore more costly
(Frampton et al., 2003). This is not necessarily the case. Rather, it could be
argued that negative interactions (e.g., alienating patients, being unrespon-
sive to their needs, or limiting their sense of control) can be very costly in
terms of lost patient revenues, poor health outcomes, and, in some cases,
increased likelihood of litigation (Frampton et al., 2003). For example,
insufficient communication about medications can lead to nonadherence
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BOX 4-2
Dimensions of Patient-Centered Care

1. Respect for patients’ values, preferences, and expressed needs. Respect-
ing patients’ individuality and restoring their autonomy entails: paying attention to
the impact that their condition or treatment has on their quality of life or subjective
sense of well-being; involvement in decision making; being treated with dignity
and respect, and sensitivity to their cultural values; and meeting their expectations
and needs for autonomy.

2. Coordination and integration of care. Understanding patients’ feeling of vul-
nerability and powerlessness in the face of illness and their need for competent
and caring staff to coordinate and integrate clinical care effectively, including ancil-
lary and support services, and “front-line” patient care.

3. Information, communication, and education. Respecting patients’ need for
information on clinical status, progress, and prognosis delivered accurately in a
manner they understand; information on processes of care, how alternative treat-
ments might affect their subjective well-being and clinical status, and information
about the reasoning behind clinical decisions.

4. Physical comfort. Providing the most basic elements of physical comfort
includes staff who listen and are attentive to patients’ complaints about pain, help
them with activities of daily living, and keep them clean and comfortable in an
environment that is reasonably pleasant.

5. Emotional support and alleviation of fear and anxiety. Understanding that
the emotions experienced in relation to illness may be as debilitating as the phys-
ical effects, and attending to and alleviating their fear and anxiety over clinical
status, treatment, and prognosis; over the impact of the illness on self and family;
and over the financial impact of the illness.

6. Involvement of family and friends. Accommodating patients’ wishes for in-
volvement or noninvolvement of family and friends relative to emotional support
and decision making, and providing support and resources to family or friends who
are caregiving in both immediate and extended term.

7. Transition and continuity. Addressing patients’ concerns about their ability
to care for themselves away from the clinical setting, their need to receive ade-
quate information about their medications, dietary or other treatment regimens,
and danger signals to look out for; their need for information about the plans made
and services coordinated for continuing care and treatment; and their need for
information to access clinical, social, physical, and financial support on a continu-
ing basis if needed.

SOURCE: Gerteis et al., 1993.
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and increased hospitalization (DiMatteo, 2004). Conversely, good commu-
nication can obviate the need for extensive discussions about the medica-
tion regimen with every patient during every visit.

Methods for incorporating patient-centered communication about
medications into day-to-day clinical practice can be drawn from the
Chronic Care Model (as well as others employed to develop consumers’
self-management skills). The Chronic Illness Care Breakthrough Series
Collaboratives established by the Institute for Healthcare Improvement
and Associates in Process Improvement developed a five-component model
of key steps to patient-centered self-management support (Glasgow et al.,
2002) (see Figure 4-1). It is designed to organize evidence-based interven-
tion components into an integrated and understandable iterative process
appropriate for incorporation into busy primary care practices. The five
components are as follows: (1) current self-management beliefs and be-
haviors are assessed, with feedback for both providers and patients; (2)
the feedback prompts collaborative goal setting between patients and
provider(s); (3) a personal action plan for self-management is developed;
(4) initial self-management goals are refined and informed through the
identification of anticipated barriers to and supports for the achievement

FIGURE 4-1 The Chronic Care Model: Key steps to patient-centered, self-
management support.
SOURCE: Glasgow et al., 2002.

Assessment of Self-Management
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of those goals and a better understanding of the patient’s perspective
and the social environment in which self-management must be conducted;
and (5) individually tailored strategies and problem-solving approaches
are developed to enhance self-efficacy and provide patients with strategies
for overcoming the barriers identified (Glasgow et al., 2002). These steps
are repeated in an iterative, ongoing, flexible way at future encounters.
Glasgow and colleagues (2002) believe this model is different from that
used in most health care settings in that it is patient-centered, individual-
ized, and self-correcting, and encompasses the overall care of a patient’s
health conditions rather than being an isolated activity.

Self-management education programs have been found to improve pa-
tient health outcomes (IOM, 2003). For example, a study that investigated
the effects of self-management education and regular practitioner review
for adults with asthma demonstrated a statistically significant reduction in
the proportion of subjects reporting hospitalizations and emergency room
visits, unscheduled physician visits, days lost from work, and episodes of
nocturnal asthma (Gibson et al., 2000).

The above steps outlined for chronic care could easily be adapted to
patient-centered care for improved medication self-management. In fact,
Svarstad and colleagues (1999) developed a brief medication questionnaire
for patients as a means of identifying those who need assistance with their
medications, assessing their concerns, evaluating new ways to assist them,
and monitoring their progress (including adherence). Additional research
could be undertaken to develop methods for adapting the components of
the Chronic Care Model to general medication self-management and the
resources required to support patients and providers in a patient-centered,
collaborative partnership.

Empowering Consumers in Their Health Care

The second critical element of the foundation for improving the safety
and quality of the medication-use process through an emphasis on patient-
centered care is the empowerment of consumers as equal partners in their
health care. Equalizing and empowering consumers in their relationship
with their providers requires assurance of their rights as patients in all
health care settings. Embracing a set of basic patient rights that are en-
dorsed and enforced by health care provider, accreditation, and regulatory
organizations to support patient-centered medication management, in-
formed decision making, and prevention of errors is necessary to improve
the safety of medication use and the quality of care overall. As seen in the
examples quoted earlier, patient rights are not important only in the ab-
stract; they can literally save lives (Annas, 2004).
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Many rights that empower consumers and protect them from harm
have been instituted through codes, regulations, and laws governing in-
formed consent prior to receipt of a medication, treatment, or procedure
during an experimental clinical study or during clinical care. Informed
consent is the fundamental ethical and legal doctrine that protects patients’
rights to personal autonomy and bodily self-determination (Ridley, 2001).
Where informed consent is relevant, the physician is required to discuss and
disclose the following (AMA, 1998):

• Patient’s diagnosis, if known
• Nature and purpose of a proposed medication, treatment, or procedure
• Risks and benefits of a proposed medication, treatment, or procedure
• Alternatives (including medication options), regardless of their cost

or the extent to which they are covered by health insurance
• Risks and benefits of an alternative medication, treatment, or procedure
• Risks and benefits of not receiving or undergoing a treatment or

procedure

Patients are also entitled to the opportunity to ask questions so they can
elicit a better understanding of their treatment plan (medication or proce-
dure) before proceeding with or refusing a proposed medical intervention.

Regulations of the U.S. Food and Drug Administration (FDA) govern
informed consent requirements for participation in clinical trials. Vulner-
able populations—children, pregnant women, those with mental illnesses,
those of reduced competency, and prisoners—are given special consider-
ation and, in some cases, extra protection by the federal government (Getz
and Borfitz, 2002). As part of licensing, certification, and regulatory au-
thority, state medical boards govern informed consent requirements in hos-
pitals and ambulatory practice. Informed consent provisions are based on
the American Medical Association’s Code of Medical Ethics and standards
set by the Joint Commission on Accreditation of Healthcare Organizations
(JCAHO). While most state laws regarding informed consent are written
for hospital care, precedent set by extensive case law applies these provi-
sions equally to ambulatory care. In the realities of clinical practice, how-
ever, consumers are often not adequately informed to participate as part-
ners in their care. For example, many aspects of medication therapy that
should be discussed as fully as in an informed consent discussion are not.
Often lacking is discussion of contraindications, side effects, adverse reac-
tions, how to distinguish side effects and adverse reactions from the symp-
toms of disease, and what to do about them (Kerzman et al., 2005; Safran,
2003). Not all patients need a full discussion at every clinical encounter,
especially if they are familiar with their medication(s), but such discussion
should be recognized as a patient’s fundamental right. This raises another
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core issue: a formal set of patient rights applicable in all health care settings
has never been instituted at the federal or state level. Federal legislative
attempts in the 1990s to pass a comprehensive patient bill of rights that
would apply to health care services did not succeed, with the exception of
consumers’ right to sue their insurance payer for denial of benefits.

Health care provider and accreditation organizations have, however,
been leaders in promulgating statements of patient rights. For example, the
American Hospital Association recently recrafted its 1992 Patient’s Bill of
Rights to include principles of the patient care partnership, a model that
represents a shift to patient-centered care. Those principles state what pa-
tients can expect during a hospital stay in terms of the hospital environ-
ment, participation in their care, protection of privacy, discharge prepara-
tion, and help with billing. JCAHO evaluates compliance with standards
for ethics, rights, and responsibilities in hospital and ambulatory care set-
tings. The purpose of these standards is to ensure that care, treatment, and
services are provided in a way that respects and fosters patient dignity,
autonomy, positive self-regard, civil rights, and involvement (JCAHO,
2005). Consideration is given to patients’ abilities and resources; their cul-
tural, psychosocial, and spiritual values; the relevant demands of their envi-
ronment; and their wishes regarding the involvement of family members in
their care. Other efforts to raise awareness of patient rights include those of
the Tavistock Group—a group of experts representing health care stake-
holders that developed a set of shared ethical principles to guide decision
making in an integrated health care delivery system (Smith et al., 1999).
Certain states have instituted a patient bill of rights, but provisions are not
comprehensive, nor do they cover all health care settings (see Table 4-1 for
examples).

While these efforts are steps in the direction of patient-centered care
and patient rights, they do not go far enough. The committee believes that
establishment of a basic set of patient rights—presented in Box 4-3—is
essential to achieve patient-centered care, consumer activation and partner-
ship, and improvements in safety and quality. Many but not all of these
rights are established broadly in the U.S. Constitution (Amendments I and
XIV1) and have been articulated by the courts through common law. None-
theless, they remain difficult to enforce for patients and providers alike,
especially for sick individuals (Annas, 2004). One important point listed in
Box 4-3 that is not specifically provided for in the law is the right to be told

1Freedom of religion under the First Amendment allows citizens to make decisions accord-
ing to their religious beliefs, including medical decisions regarding treatment. Due process
under the Fourteenth Amendment as applied to health care ensures that citizens retain their
right to life, liberty, and equal protection; meaning self determination and civil rights (patient
rights).
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TABLE 4-1 Examples of State Patient Rights Statutes
State Provision Providers/Facilities Covered

Alaska Patient Medical Rights Mental health facilities
Alaska Stat. § 47.30.825 (2006)

California Patients’ Bill of Rights Nursing homes
Cal. Health & Safety Code § 1599
(2006)

Florida Patient’s Bill of Rights and Medical doctors, osteopaths,
Responsibilities podiatrists, hospitals, and
Fla. Stat. § 381.026 other health care facilities

Maryland Patient Bill of Rights Hospitals
Md. HEALTH-GENERAL Code
Ann. § 19-342

Massachusetts Patients’ Bill of Rights Hospitals, clinics, nursing
Annotated Laws of Michigan, homes
ch. 111, § 70E (2005)

Mississippi Patients Rights Mental health facilities
Miss. Code Ann. § 41-21-102

BOX 4-3
Improving Medication Safety: Actions for Nurses

• Establish safe work environments for medication preparation, administra-
tion, and documentation; for instance, reduce distractions and provide appropriate
lighting.

• Maintain a culture of rigorous commitment to principles of safety in medica-
tion administration (for instance, the five rights of medication safety and cross-
checks with colleagues, where appropriate).

• Remove barriers to and facilitate the involvement of patient surrogates in
checking the administration and monitoring the effects of medications wherever
and whenever they are administered.

• Foster a commitment to patients’ rights as coproducers of their care.
• Develop aids for patient (or surrogate) self-management support.
• Enhance communication skills and team training so as to be prepared and

confident in questioning medication orders and evaluating patient responses to drugs.
• Actively advocate for the development, testing, and safe implementation of

electronic health records.
• Work to improve systems that address the most common near misses in

the work environment.
• Realize they are part of a system and do their part to evaluate the efficacy

of new safety systems and technology.
• Contribute to the development and implementation of error reporting sys-

tems, and support a culture that values accurate reporting of medication errors.
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when an adverse event occurs. For example, if a patient is administered the
wrong drug but is not injured, he or she should be told that the error
occurred and what is being done to correct it. Thus, the committee believes
disclosure of clinically significant errors should be included as an essential
patient right. Enumerating patients’ essential rights in one document would
facilitate consumers’ and providers’ understanding and exercise of these
rights and thereby improve the safety and quality of medication use. It also
would clarify how the rights are to be applied day-to-day in clinical practice
and ensure equality in application of the rights across health care settings.

COMPONENTS OF THE PATIENT–PROVIDER PARTNERSHIP
FOR MEDICATION SAFETY

This section outlines components of the consumer–provider partner-
ship that can contribute to the safety and quality of medication use. Com-
ponents for consumers include activation and partnership, carrying a medi-
cation list, safety practices for self-care, and knowing where to find quality
health and medication information. Components for providers include regu-
lar practice of medication reconciliation, patient education about medica-
tions, increased opportunities for consultation, respect for designated sur-
rogates, and disclosure of errors.

Recommendation 1: To improve the quality and safety of the
medication-use process, specific measures should be instituted to
strengthen patients’ capacities for sound medication self-management.
Specifically:

• Patients’ rights regarding safety and quality in health care and
medication use should be formalized at the state and/or federal
levels and ensured at every point of care.

• Patients (or their surrogates) should maintain an active list of
all prescription drugs, over-the-counter (OTC) drugs, and dietary
supplements they are taking; the reasons for taking them; and any
known drug allergies. Every provider involved in the medication-
use process for a patient should have access to this list.

• Providers should take definitive action to educate patients (or
their surrogates) about the safe and effective use of medications.
They should provide information about side effects, contraindi-
cations, and how to handle adverse reactions, as well as where to
obtain additional objective, high-quality information.

• Consultation on their medications should be available to pa-
tients at key points in the medication-use process (during clinical
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decision making in ambulatory and inpatient care, at hospital dis-
charge, and at the pharmacy).

Components for Consumers

Consumers’ awareness of health care quality and safety issues is growing,
but fundamental principles related to the consumer’s roles in addressing these
issues are not widely known or implemented (NPSF, 2000). Several organiza-
tions, such as the Institute for Healthcare Improvement, Planetree, and the
former Foundation for Accountability are developing strategies designed to
advance patient-centered care (FACCT, 2001b; Frampton et al., 2003; IHI,
2005; Markle Foundation, 2005). One key element of these strategies is the
empowerment and activation of consumers. Consumers who have already
been activated with regard to medication safety generally gained this knowl-
edge as the result of personal experience with an adverse event in either their
own care or that of a family member or friend. Thus a sizable portion of the
population does not know what constitutes appropriate and safe medication
use, quality health care, and patient safety, or what practical steps consumers
can take to protect themselves and their loved ones (NPSF, 2000).

Interventions that promote consumer empowerment and the acquisi-
tion of self-management skills emphasize the crucial role of patients in
setting goals, establishing action plans, and identifying and overcoming
barriers to effective self-management.

Consumer Activation and Partnership

Engagement of consumers in activities and behaviors that promote
their health, well-being, and safety is an important component of current
initiatives to redesign the health care system (Hibbard, 2004). Ideally, as
informed and engaged partners in their health care, consumers contribute
to efforts that improve the safety and quality of care while reducing costs to
the system (IOM, 2001). In this role, they help produce desired health
outcomes to the best of their ability. They make informed decisions about
when to seek care; how to work with providers in selecting among treat-
ment options on the basis of their own values and needs; how to work with
providers in managing their conditions; what information to provide about
their health and functioning to aid in diagnosis and treatment; and how to
follow through on agreed-upon treatment plans, recommended lifestyle
changes, and preventive actions (Hibbard, 2003).

Research has revealed that being an engaged and active participant in
one’s own care is linked to better health outcomes (Safran et al., 1998;
Ansell, 1999; Lorig et al., 1999; Sawicki, 1999; Bodenheimer et al., 2002;
Heisler et al., 2003; Flach et al., 2004). Some of the best research on
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patients’ capability for self-management given adequate support and edu-
cation stems from models developed for chronic conditions such as heart
disease, stroke, lung disease, arthritis, and diabetes (see the earlier discus-
sion of the Chronic Care Model). In these studies, providers educated pa-
tients about managing the symptoms and problems associated with their
conditions and taught good medication self-management practices and
healthful behaviors. For example, patients with vascular disease demon-
strated high self-efficacy in medication use, exercise, and weight control
when interventions emphasized the importance of self-management, sup-
plied information on visible physiological changes and performance accom-
plishments, and used nursing staff for patient support and communications
(Sol et al., 2006). Hartigan (2003) studied cancer patients receiving oral
chemotherapy agents and noted their success with medication safety, opti-
mal dosing, and adherence to the treatment plan when instructed by an
oncology nurse in self-assessment, management of symptoms and medica-
tion side effects, and use of compliance aids (e.g., diaries, calendars, pill-
boxes with alarms). Nurses also provided telephone follow-up and triage to
patients, reinforcing this support (Hartigan, 2003).

However, the ability and willingness of patients to assume this partner-
ship role can vary depending on their health status. Many patients trust
their health care providers and prefer that providers make appropriate
decisions for them (Kravitz et al., 2003). In one study, for example, up to
34 percent of women recently diagnosed with breast cancer wanted to
delegate all decision making to their provider (Degner et al., 1997). An-
other study found that 69 percent of patients with chronic conditions pre-
ferred such delegation of medical decisions (Arora and McHorney, 2000).
The likelihood of preferring an active role increases with level of education
and decreases significantly with age and severity of illness (Ende et al.,
1989; Stiggelbout and Kiebert, 1997; Mansell et al., 2000).

Thus, consumer engagement should be viewed on a continuum from
those who prefer a highly active role to those who prefer a more passive
role (RWJF, 2000). For some individuals, their level of activation will
change over time. Nevertheless, respect for patients’ decisions about their
care and level of partnership is paramount. No less important is respect for
the level of participation desired by patient surrogates when patients them-
selves are unable to participate.

Carrying a Medication List

The single most important contribution consumers can make to medi-
cation safety and good medication self-management is maintaining an up-
to-date medication list that includes prescription medications, OTC drugs,
and dietary supplements; the reasons for taking these products; and all
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known drug and/or food allergies. Information about each drug should
include its name, strength, dose, and frequency of administration. Patients
should bring this list with them each time they visit their provider and have
the provider verify the list with them. Ideally, they should carry it with them
at all times in the event emergency care is needed. Indeed, patients have a
responsibility to provide this information to their providers and designated
surrogates to help prevent adverse drug events (ADEs) such as drug–drug
interactions (Cohen, 2000). The medication list is especially important for
those who have chronic conditions; see multiple providers; or take multiple
medications, OTCs, and dietary supplements. Consumers should exercise
their right to ask their prescriber questions if they do not understand their
drug treatment regimen, especially side effects and contraindications, and
communicate with their caregivers about any adverse changes in the way
they feel after initiating a new medication. Providers should be sure that
their patients understand the regimen and whom to contact if they have any
further questions once they are at home.2

Many consumers do not know that their providers are supposed to
reconcile their medications as they transition between different health care
settings and patient care units. Carrying a medication list can help greatly in
the reconciliation process. In particular, providers should reconcile pa-
tients’ medications at each ambulatory encounter, at each admission to a
hospital or readmission to long-term care, at each point of transfer between
hospital units, and at hospital discharge.

Medication Safety Practices for Self-Care

When consumers become informed and engaged partners, they can
decrease the probability that they will experience a medication error (Cohen,
2000). Actions range from the simple and routine, such as double-checking
their prescription when dropping it off and picking it up from the phar-
macy, to the more involved, such as maintaining an accurate personal
medication record and a partnership with their provider in health care. The
following are examples of actions consumers can take as empowered part-
ners in their care:

2Examples of medication lists can be found at: (1) The Joint Commission for the Accredita-
tion of Health Care Organizations (http://www.jcaho. org/general+public/gp+speak+up/speak
up_brochure_meds.pdf and http://www.jcaho.org/general+public/gp+speak+up/speakup_
card_meds.pdf); and (2) Institute for Healthcare Improvement (http://www.ihi.org/IHI/Top-
ics/PatientSafety/MedicationSystems/Tools/MedicationReconciliationGuidelinesAndHome
MedicationListLutherMidelfort.htm, http://www.ihi.org/IHI/Topics/PatientSafety/Medication
Systems/Tools/Tools/WhatYouNeedtoKnowAboutMedicationSafety.htm, and http://www.
ihi.org/IHI/Topics/PatientSafety/MedicationSystems/Tools/TheMedForm.htm).
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• Ask questions and insist on answers from providers to guide their
decision making on medication and nonmedication treatment options based
on their personal values and needs.

• Insist that providers clarify specific aspects of the medication regi-
men (e.g., purpose, drug name, dosage, strength), identify possible side
effects and what actions to take should they occur, and understand possible
interactions with other medications and/or foods.

• Ensure that providers give them or direct them to written informa-
tion about the drug appropriate to their level of health literacy, age, and
language, and that they know where to obtain additional information about
their medication(s) and health condition(s).

• Understand and retain their right to disagree and to say no—no to
taking on a more active role, no to a particular provider’s counsel, and no
to medication therapy.

• Seek information and counseling to make informed self-care deci-
sions when self-prescribing and administering OTC medications, herbal
remedies, and dietary supplements.

Along with knowing their rights as patients and maintaining a medication
list, understanding a basic set of practices for each step in the medication-use
system can help consumers contribute to medication safety. These practices are
outlined in Box 4-4 and discussed further later in the chapter.

Finding Quality Health and Medication Information

Consumers should become knowledgeable about where to find quality
health and medication information to support them in self-care. They should
know where and how to find this information at the public library, if these
resources exist, and where to find the best information on the Internet (e.g.,
the National Library of Medicine’s [NLM] MedlinePlus program) (see the
section on actions for government and other stakeholders later in the chap-
ter). In addition, they should keep a list of these references that they can
refer to quickly and easily.

Components for Providers

Patient-centered care in the medication-use system requires improve-
ment in many of the dynamics affecting the provider–patient relationship.
Provider responsibilities in this regard include medication reconciliation,
patient education, availability of counseling, respect for surrogates, and
disclosure of errors. Just as important, consumers and surrogates can de-
velop their understanding of the appropriate expectations they should have
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BOX 4-4
Consumer Actions to Improve Medication Safety

Personal/Home Care

Consumers should:

• Maintain a list of the prescription
drugs, nonprescription drugs, and
other products, such as vitamins
and minerals, they are taking.

• Take this list with them whenever
they visit a provider, and have him
or her review it.

• Be aware of where to find educa-
tional material related to their
medication(s) in the local commu-
nity and at reliable Internet sites.

Pharmacy

Consumers should:

• Make sure the name of the drug
(brand or generic) and the direc-
tions for use received at the phar-
macy are the same as what is
written down by the prescriber.

• Know that they can review their list
of medications with the pharmacist
for additional safety.

• Know that they have the right to
counseling by the pharmacist if they
have any questions; they can ask
the pharmacist to explain how to
take the drug properly, what side
effects it has, and what to do if they
experience a side effect (just as
they did with the prescriber).

• Ask for written information about
the medication.

Ambulatory Care/Outpatient Clinic

Consumers should:

• Have the prescriber write down the
name of the drug (brand and ge-
neric, if available), what it is for, its
dosage, and how often to take it, or
provide other written material with
this information.

• Have the prescriber explain how to
use the drug properly.

• Ask about the drug’s side effects
and what to do if they experience a
side effect.

Hospital Inpatient Care

Consumers (or their surrogates) should:

• Ask the doctor or nurse what drugs
are being given in the hospital.

• Not take a drug without being told
the purpose for doing so.

• Exercise the right to have a surro-
gate present whenever they are
receiving medication and are un-
able to monitor the medication-use
process themselves.

• Prior to surgery, ask whether there
are medications, especially pre-
scription antibiotics, that they
should take or any they should stop
taking preoperatively.

• Prior to discharge, ask for a list of
the medications they should be
taking at home, have a provider
review them, and be sure they
understand how these medications
should be taken.
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of their providers for engaging in activities that promote quality and safety,
and hold them accountable for meeting those expectations.

Medication Reconciliation

Medication reconciliation is a process designed to prevent medication
errors at patient transition points. It is a multistep process that entails
obtaining a complete and accurate list of the medications a patient is taking
(including nonprescription and alternative medications) and comparing this
list with both documentation in the patient’s medical record during ambu-
latory care visits and the physician’s admission, transfer, and/or discharge
orders in inpatient settings (IHI, 2004). The purpose of the reconciliation
process is to avoid or minimize errors of transcription, omission, duplica-
tion of therapy, and drug–drug and drug–disease interactions. Discrepan-
cies are brought to the attention of the provider, and if appropriate, changes
are made to the record or orders. The overarching goal is to facilitate
continuity of care (Nickerson et al., 2005).

Several studies have shown that a significantly high number of discrep-
ancies can be detected through the medication reconciliation process
(Pronovost et al., 2003). Nickerson and colleagues (2005) found that of
481 drug therapy problems detected, 83.8 percent had a potentially signifi-
cant or somewhat significant clinical impact. Another study of inpatient
medical records found that the details of current medication use were either
nonexistent or incorrect 85 percent of the time (Rozich and Resar, 2001).
Bikowski and colleagues (2001) also demonstrated high rates of discrepan-
cies in family practice. In 74 percent of cases studied, the patient was taking
at least one medication that the physician was unaware of, or that the
physician was aware of but was not actually part of the treatment regimen.
Along with these statistics on medication incongruence, about 60 percent of
medication errors in patient records occurred when patients were admitted,
discharged, or transferred (Rozich and Resar, 2001).

Medication reconciliation has proven to be an effective means of achiev-
ing significant reductions in such discrepancies. The introduction of a series
of reconciliation interventions in one hospital during a 7-month period
decreased the rate of errors by 70 percent and that of adverse drug events
by 15 percent (Rogers et al., 2006; Rozich et al., 2004). Pharmacy techni-
cians in another hospital reduced the potential for medication errors by 80
percent within 3 months by obtaining a medication history from patients
scheduled for surgery (Haig, 2003).

The Institute for Healthcare Improvement has simplified medication
reconciliation into three steps applicable in all health care settings (IHI,
2004):
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• Verification (collection of medication history/list)
• Clarification (ensuring that the medications and doses are appropriate)
• Reconciliation (documentation of changes)

The medication reconciliation process can be implemented in several
ways. One method, especially when multiple providers are involved in a
patient’s care, is for health care organizations to maintain a system that
allows each member of the care team (e.g., physician, nurse, pharmacist)
access to the patient’s medication list and medication administration record.
Electronic health information systems (as discussed in Chapter 5) may be
an efficient means to this end. During handoffs between sites of care (e.g.,
hospital to home) or between professionals (e.g., change in medical services
or rotation of residents or attending physicians), the clinician receiving the
patient should review and reconcile the patient’s medication plan to ensure
its completeness and accuracy. The Institute for Healthcare Improvement’s
Getting Started Kit: Prevent Adverse Drug Events (Medication Reconcilia-
tion)—How-to-Guide provides several strategies for implementing medica-
tion reconciliation processes within health care organizations (IHI, 2004).

Even though medication reconciliation is recognized as an effective
means of preventing medication errors (Gleason et al., 2004; Ketchum et
al., 2005), often it is overlooked and not performed (IHI, 2004: Rogers et
al., 2006). Several barriers to implementing medication reconciliation were
identified by Rodehaver (2005), who proposed actions that could be taken
to overcome these barriers (see Table 4-2). Rather than continuing to leave
reconciliation as a voluntary process, in 2003 JCAHO incorporated medi-
cation reconciliation as a key expectation for compliance with its National
Patient Safety Goals (JCAHO, 2004). The intent is that by 2006, hospitals
will implement reconciliation activities at all transition points, including
transitions from the intensive care unit to medical or surgical units. The
patient’s updated medication regimen and list should be communicated to
the “next provider of service” at all interfaces of care, and upon admission
to and discharge from the facility. At admission and discharge, reconcilia-
tion activities should involve discussions with the patient or designated
person (e.g., family member, significant other, surrogate decision maker).
Implementing comprehensive medication reconciliation activities at all
points of care as requested by JCAHO is a complex undertaking that may
require remodeling of inpatient flow, provider workflow, and organiza-
tional information management. Studies should be undertaken to deter-
mine the most efficient and effective means of implementing the JCAHO
requirements.
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TABLE 4-2 Overcoming Barriers to the Implementation of Medication
Reconciliation
Barrier Actions to Overcome Barriers

Medical staff acceptance • Increase the number and types of physicians on the
team; include obstetricians, cardiologists, psychiatrists,
and surgeons.

• Review department-specific medical forms and physi-
cian discharge practices prior to implementation of
standardized forms and practices.

• Involve the medical staff executive committee as much
as possible.

• Initiate early discussions with physicians, such as ob-
stetricians and cardiologists.

Concerns related to the • Be aware that the information obtained from the
accuracy of the solicited patient and/or significant other is only as accurate as
medication list the informant. Knowing that the information is pro-

vided by a layperson, tolerate incomplete information
related to dosage or frequency. Nursing and pharmacy
personnel and physicians can assist in ensuring the
accuracy of the list.

Ownership for medication • Shift the emphasis in organizational structure from
oversight delineation by discipline to patient care.

• Focus on a team approach to medication reconcilia-
tion, which includes ownership on the part of the
medical, nursing, and pharmacy staff.

Attitude that “my patient • Take time to understand the process used by individual
type is unique” and “you practitioners.
just don’t understand” • Help individuals assimilate “old” practices into the

reconciliation process.
• Have one-on-one conversations with resisters. Enable

the process by assisting them at the point of patient
admission or discharge.

• Audit particular physician practices and compare them
with those of their peers.

• Allow time to enforce compliance.
• Solicit the help of senior medical leadership.
• Allow diffusion to occur gradually.

Inconsistency among • Plan for continual rotation of residents, and plan ap-
residents and physician propriate education as needed.
extenders • Obtain buy-in of physician extenders.

Organizational climate • Maintain the course of a small test of change regard-
versus small test of change less of internal pressures.

• Implement the process unit by unit. Delay organiza-
tionwide implementation until medical, nursing, and
pharmacy staff are ready.

SOURCE: Rodehaver, 2005.
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Patient Education

Consumers should expect to be adequately educated by their providers
about their medications and about appropriate medication self-management.
Enhancing individuals’ knowledge of and capacity for medication self-
management requires, above all, high-quality communications with providers.
Providers must be able and willing to understand and respond to the patient’s
implicit and explicit messages (Sundin and Jansson, 2003). They should at-
tempt to elicit the patient’s ideas, feelings, and preferences regarding health
problems and possible treatments, daily routines, and the information needed
to support self-management. Providers should understand that patients need
different kinds of information at different times and for different purposes
(Raynor et al., 2004). Moreover, they should understand that some points
may be easily understood, while others may need to be reiterated, especially
when the patient’s receptivity is limited by physical debility or psychological/
emotional states (Scott and Thompson, 2003). The information relayed
should be accurate and complete relative to the patient’s level of understand-
ing (Reiser, 1980).

Part of the problem has been physician training—until recently, under-
graduate and postgraduate training paid little attention to ensuring that
doctors acquire the skills necessary to communicate well with patients
(Maguire and Pitceathly, 2002). In the 1990s, medical schools sharpened
their focus on communication skills (AAMC, 1999). The Association of
American Medical Colleges (AAMC) initiated the Medical Schools Objec-
tives Project to facilitate the process of enhancing teaching and assessment
of communication skills. As a result of this and other efforts,3 interpersonal
skills and communication are one of six core competencies of graduate
medical education required as part of the United States Medical Licensing
Examination (Batalden et al., 2002; FSMB and NBME, 2005). However,
there is significant variation among medical schools in the way and the
extent to which communication skills are taught and assessed (AAMC,
1999; Makoul, 2003). Regardless of what method is used,4 the reliability
and effectiveness of observation and feedback can be compromised unless
grounded in a coherent structured framework (Makoul, 2003).

3Revisions to the competencies of medical education were instituted by the Accreditation
Council for Graduate Medical Education, the National Board of Medical Examiners, the
Federation of State Medical Boards, and the Educational Commission for Foreign Medical
Graduates.

4The primary teaching methods are small-group discussions and seminars (91 percent),
lectures and presentations (82 percent), student interviews with simulated patients (79 per-
cent), student observation of faculty with real patients (74 percent), and student interviews
with real patients (72 percent) (AAMC, 1999).
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The development of competency in communication has been a focus of
nursing education for over 50 years. Nursing education programs are re-
quired to demonstrate attention to this core competency as part of the
accreditation process (AACN, 1998). On many health care teams with
excellent patient outcomes, nurses and nurse practitioners are used as the
primary providers who listen, communicate with and educate patients and
families, and coordinate care.

Even though some communication training has been incorporated in
medical school curricula, most patient complaints about providers are re-
lated to problems with communication rather than clinical competency—
specifically, that doctors do not listen to them (Richards, 1990). A study of
the literature on patients’ priorities for general practitioners found the most
highly rated aspect of care to be “humanness,” followed by competence/
accuracy (Wensing et al., 1998). For some patients, the humanness element
means the physician really listens and does not hurry them (Carroll et al.,
1998). Patients’ ratings of physicians’ communication skills are strongly
related to trust, but trust does not equate to unquestioning faith (Coulter,
2002). Patients need empathy, support, and reassurance, all essential fea-
tures of the therapeutic relationship, but they also need honest information
about their condition, options for treatment, and clinicians who listen to
their concerns and preferences (Mechanic and Meyer, 2000).

It is widely recognized that provider–patient communications, includ-
ing those regarding medications, typically are provider-oriented (e.g., the
provider talking more than listening and asking few open-ended questions)
(Berry et al., 2003). As a result, patients fail to receive all the information
they need and desire about their medications, especially that related to
risks, adverse side effects, and contraindications (Caress et al., 2002; Scott
and Thompson, 2003; Garfield et al., 2004). Patients increasingly want
more and better information about their condition and the expected out-
come, more openness about medication side effects, and advice on what
they can do for themselves (Meryn, 1998). Recognizing that some patients
find it difficult to articulate their information needs or are reluctant to ask
questions during medical visits, practitioners (physicians, nurse practitio-
ners, physician assistants, pharmacists, nurses) should have the requisite
training in communication to elicit their patients’ understanding of the
medication regimen and educational needs (Sleath et al., 1999). Box 4-5
outlines the core information that research indicates patients should receive
about their medications (Sleath et al., 1999; Caress et al., 2002; Scott and
Thompson, 2003; Garfield et al., 2004; Morrow et al., 2005).

The ability of providers to communicate medication information in an
understandable manner is critical to adequately informing, educating, and
empowering patients. In particular, both discussions and written informa-
tion about medications should be appropriate to the patient’s level of lit-
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eracy, age, language, and culture. Providers must have resources available
to manage the knowledge, practical, and attitudinal barriers that affect
provider–patient communication. Information should be easy for patients
to understand and follow when they are at home self-managing their regi-
men. For example, providers should be aware that the majority of individu-
als with literacy problems have difficulty following prescription directions
and will require communication consistent with their literacy level (Safeer
and Keenan, 2005). Patients may misunderstand the instruction to “take a
tablet X times a day” but understand “take a tablet every X hours.” When
necessary, providers should have resources available to facilitate the patient’s
understanding of medication information orally and in writing. Such re-
sources may include translation services for patients. Ambulatory care pro-
viders can have a nurse or technician on staff with the language skills neces-
sary to support the needs of the practice’s patient population, develop a
partnership with a local pharmacist that can assist certain patients in con-
firming details of their medication regimen in their native language, or utilize
centrally located telephone translation services.

Opportunities for Consultation

Successful medication self-management requires that consumers have
multiple opportunities to gain knowledge about safe and effective medica-
tion use. Such consultations with providers should be readily available to
consumers in all health care settings and at key points along the medication-
use continuum. Specifically, consultations should take place during clin-
ical decision making in ambulatory and hospital care, at hospital dis-
charge, and at the time of dispensing by the local community pharmacy.
Telephone consultations may be used to provide additional support to
patients as they manage problems with and the effects of their medications.
Access to consultation at these critical points in the medication-use con-
tinuum creates, in effect, a chain of communication that serves as the
medication self-management support system. Conversely, poor communi-
cation at any of these points can lead to medication errors due to misunder-
standing, inaccurate or incomplete information, or nonadherence (Morrow
et al., 1988).

Because most health care is provided in community settings, the chain
of communication begins with provider–patient consultations during am-
bulatory care. As discussed earlier, primary care providers play a crucial
role in educating patients about the safe and effective use of prescription
and nonprescription medications. Thus during ambulatory care consulta-
tions, providers must allow sufficient time for consultations with patients
or surrogates about medication management (Raynor et al., 2004). Provid-
ers should be able to adapt to information needs that shift over time and
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BOX 4-5
Core Information for Educating Patients

About Their Medications

• Routine evaluation of all medications. Providers should routinely evaluate
the need for and effectiveness of all medications a patient is taking, and ensure
that the patient understands critical information about the medications.

• Different treatment options. Providers should discuss with the patient all
medication and other treatment options, including the expected benefits and risks
of each option, in an objective manner (without overselling treatment benefits).

• Name and purpose of each prescribed medication. Most patients know the
name of a medication they are taking, but fewer know why they are taking it, what
type of drug it is (its class), how it works in their body, or how regular and long-term
use differ (Raynor et al., 2004).

• When and how to take the medication. The patient needs to understand the
regimen—how much of a medication they should take (dosage), how often (fre-
quency), and with what special instructions (e.g., with food or on an empty stom-
ach). When reviewing the regimen, providers should also review general medica-
tion safety practices.

• Side effects and what to do about them. Patients need to know:
– About short- and long-term side effects of taking a medication (including

the risk of dependency) and how to rely on self-observation to assess these effects.
– About both minor and more severe effects, how they will affect day-to-

day functioning, what to do about them, whom to contact, and when (Caress et al.,
2002; Garfield et al., 2004; Raynor et al., 2004).

– About the rate of occurrence of a side effect (e.g., X percent of patients
experience it).

with changes in patients’ health status. They should follow up closely on
their patients’ success or difficulties with a medication regimen so as to
overcome the barriers to self-management discussed above and facilitate
desired health outcomes. And it is essential that primary care providers
function as the chief coordinator and record keeper of their patients’ medi-
cation regimens from multiple providers.

Hospital providers also serve as important sources of patient education
both during inpatient care and at discharge. Research shows that many
patients desire more information about their health conditions, treatments,
and procedures than they currently receive (Wilson et al., 2002; Scott and
Thompson, 2003). During an inpatient stay, however, the extent to which
patients want to be educated about their medications may vary according
to individual preferences, severity of illness, or other factors. Patients or
their surrogates should have access to regular consultations with physi-
cians, nurses, and pharmacists to gain knowledge about the medications
involved in the treatment plan. Evidence supports a team approach among
these providers as a successful means of improving patient safety, quality of
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care, and health outcomes (Connor et al., 2002; Kaissi et al., 2003; Reiling
et al., 2004). Providers should be particularly vigilant about educating
patients at discharge, as many providers tend to overestimate patients’
understanding of the medication regimen and its potential side effects
(Kerzman et al., 2005). Discharge from the hospital is also a prime time for
problems with medication reconciliation. Providers may overlook the need
to resume medications that were suspended during hospitalization, and
providers inside and outside of the hospital may inadvertently prescribe
different medications for the same condition.

The quality of discharge planning and communication is an important
determinant of patients’ capacity for self-management and of overall health
outcomes (Calkins et al., 1997). Registered nurses spend a large amount of
time integrating patient care as part of planning for patients’ discharge
from hospitals or other health care facilities to enable continued care in the
home, school, or long-term care facility; educating the patient and family
about the patient’s disease, course of therapy, medications, self-care activi-
ties, and other areas of concern to the patient; and preventing discontinuities

• Problems with other medications. Patients receive information about drug–
drug, drug–food, and drug–disease interactions mainly from pharmacy leaflets, but
they express strong interest in receiving information from the provider who is pre-
scribing a medication as well. This information should be included in the initial
dialogue when medications are selected. Also, providers should educate patients
about complementary and alternative medications that may be marketed for their
condition, and any potential effects and interactions that may occur between these
products and the prescribed medication (Ernst, 2001; IOM, 2005).

• Adherence. Providers should discuss with patients potential barriers to ad-
herence and determine with the patient how best to handle them. Providers should
discuss the short- and long-term effects of nonadherence. If it becomes obvious
that there is a strong likelihood of intentional nonadherence for attitudinal reasons,
providers should make the patient comfortable about disclosing that possibility so
the best alternative treatments can be explored.

• Role of medication. Patients want information about the role of a medication
in the healing, management, and recovery processes for their condition. They want
to know the length of the treatment and how to tell whether the medication is
working. They also need information about risk factors associated with their health
conditions and how to minimize them.

• Additional information. Although the major focus of medication communica-
tions should be face-to-face discussions between patient and provider, printed
materials can be a useful supplement (Johnson et al., 1986). Providers can offer
written materials to their patients, as well as direct them to specific high-quality
sources for information about their health condition, medications, and medication
safety (e.g., clinical pharmacists, National Library of Medicine’s MedlinePlus).
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in care (IOM, 2004d). Discharge communication is also an important fac-
tor affecting coordination of care during transitions from inpatient care to
another setting. Hospital providers must ensure that both patients and their
primary ambulatory care providers receive comprehensive information about
the discharge plan, including the prescribed medication regimen, disease man-
agement if a chronic condition is present, and self-care activities to improve
health status.

Another critical link in the chain of communication to support medi-
cation self-management is the local community pharmacist. Pharmacists
have expertise in many aspects of medication use, yet are often under-
utilized in both hospital and community settings. Pharmacists are required
by state law to provide consumers with medication consultation unless an
individual waives his or her right. Because many consumers do not know
that they have the right to utilize pharmacists in this capacity, they may
unknowingly sign documents waiving consultation services. Pharmacists
generally provide consultation upon request, but few serve as active facili-
tators of medication self-management. A daily workload characterized by
a high volume of prescriptions to fill, large percentages of time (up to 85
percent) dedicated to claims adjudication, and staffing shortages inhibit
pharmacists’ ability to do so (Knowlton and Penna, 2003; Manasse and
Thompson, 2005). Training pharmacy technicians to take over claims ad-
judication and bottle filling, as well as implementing robotics and other
automated pharmacy systems, would allow pharmacists more time for
counseling patients. Reducing costs in the above manner would generate
some of the resources necessary to support medication management ser-
vices for the general population, although additional resources may also be
needed. Initial efforts to this end are included in the provisions of Part D of
the Medicare Prescription Drug Improvement and Modernization Act of
2003, which requires pharmaceutical benefit plans to make available medi-
cation therapy management programs and pay pharmacists for these ser-
vices. These medication therapy management programs are available only
for certain beneficiaries—those using multiple medications, with multiple
chronic conditions, and with expected drug expenditures of $4,000 annu-
ally. Pharmaceutical benefit plans provide the services through their own
in-house staff and a toll-free 800 telephone number, rather than under fee-
for-service contracts with community pharmacists. Medication therapy
management is addressed further in Chapter 8.

Respect for Patient Surrogates

In compliance with existing laws, including those established through
living wills, power of medical attorney, and other state and federal laws
(Annas, 2004), providers should be aware of and strictly follow patients’
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arrangements for designated surrogates. If patients are unable or unwilling
to make decisions on their own, providers must adhere to their alternative
arrangements for health care decision making (PCSEPMBBR, 1982). Ca-
pacity for decision making is specific to a particular situation or episode
and best understood from a functional perspective: the presence or absence
of capacity does not depend on a person’s health status or on the decision
made, but on the individual’s actual functioning in the decision-making
process. Clearly, incoherent, unconscious, or otherwise incapacitated pa-
tients cannot make informed treatment decisions because they cannot re-
ceive a full and current explanation of their health problems and treatment
options (Johnstone, 2000). Some patients may be technically capable of
decision making but choose to defer to others, and this choice should be
respected. Even if patients possess no decision-making capacity, ethical
principles for protecting vulnerable populations dictate that providers speak
to and inform them out of respect, beneficence, and justice (PCSEPMBBR,
1982; Getz and Borfitz, 2002). For example, someone with Parkinson’s
disease may be fully alert but unable to speak understandably or function
physically. Nonetheless, providers should inform such a patient of decisions
made by surrogates as care proceeds.

Patients should have the right to have someone of their choosing present
whenever medications are being prescribed, administered, or monitored.
Family members, friends, and significant others can have a far greater
impact on patients’ experiences with their illness, their safety, and their
long-term health and happiness than any clinician (Gerteis et al., 1993).
Relatives and friends take care of patients, offer love and support, remind
patients to take medications, and monitor doctors’ orders and nursing care.
Patients may choose to have a family member, friend, or other person
present for any number of other reasons important to them, such as assis-
tance with health decision making, language translation, and emotional
support. They may choose to have that person participate actively or pas-
sively. For example, at the patient’s request, the designated person might be
asked to double-check the dosage of a chemotherapy agent prepared for
administration by a hospital nurse or to hold the patient’s hand in prayer
during the cycle of administration. Health care providers must expand their
thinking about family from including only next of kin to encompassing
other family members, friends, or designated others; recognize that involve-
ment of these individuals is critical to patient-centered care; and be knowl-
edgeable about laws that support such involvement (Gerteis et al., 1993).

Disclosure of Errors

Disclosure of medical errors signifies respect for both patient autonomy
and ethical standards (Gerteis et al., 1993; Gallagher et al., 2003) and should
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be required of any medical practice. The majority (90 percent) of patients
want and expect to be told about errors, particularly those that cause them
harm (Wu et al., 1997; Brazeau, 1999; Blendon et al., 2002; Millenson,
2003; Mazor et al., 2004a; Gallagher and Levinson, 2005). However, rates
of disclosure by providers have been quite low (about 30 percent)—this
despite general agreement among providers that patients should be told about
errors, as well as disclosure requirements outlined in hospital accreditation
standards and some state laws (Sweet and Bernat, 1997; Blendon et al.,
2002). The primary reasons for nondisclosure are fear of a malpractice suit,
damage to the provider’s or hospital’s reputation, and the negative effect on
provider–patient relationships. In reality, lack of disclosure is associated with
lower levels of patient satisfaction, less trust of physicians, a more negative
emotional response to care, and greater likelihood of a malpractice suit
(Gallagher et al., 2003; Lamb, 2004; Mazor et al., 2004b).

Results of a number of studies confirm that patients want detailed
explanations—they want to know what happened, what implications the
error has for their health, why it happened, how the resulting problem will
be corrected, and how future errors will be prevented (Gallagher et al.,
2003; Mazor et al., 2004b; Manser and Staender, 2005). Just as important
is the way an error is disclosed. Honesty and compassion in disclosure,
along with a sincere apology, result in a more positive emotional response
from the patient (Mazor et al., 2004b; Gallagher and Levinson, 2005).
Health care providers must understand that disclosure of errors is part of a
patient’s fundamental rights and quality of care. Moreover, all providers
should be trained in good communication skills related to error disclosure.
Materials and programs to help accomplish this are starting to become
available in the form of courses and educational videos (see, e.g., http://
www. jhsph.edu/removinginsult/from/injury). Some organizations, such as
the Veterans Health Administration (VHA), already are implementing poli-
cies for the disclosure of errors to patients or their representatives. The
VHA published a directive in October 2005 stating that VHA facilities and
individual VHA providers have an obligation to disclose adverse events to
patients who have been harmed in the course of their care, including cases
in which the harm may not be obvious or severe, or may be evident only
in the future (VHA, 2005). The Harvard Medical School teaching institu-
tions also have implemented guidelines for responding to adverse events
(Harvard, 2006). The patient is free to involve family members in the
disclosure process. Likewise, the University of Michigan Health System has
instituted a disclosure program and has since seen reductions in legal costs
(Wu, 2005). The “Sorry Works” Coalition also aims to promote error
disclosure as an ethical imperative (SWC, 2005). However, these initiatives
are not enough. Because there is no formal statute that dictates the serious-
ness of errors warranting disclosure, each health care organization defines
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this independently. To resolve these differences and respect the intent of
patient rights, the committee believes patients have the right to know about
any clinically significant error.

UNDERSTANDING AND OVERCOMING BARRIERS
EXPERIENCED BY CONSUMERS AND PROVIDERS

In the current health care system, a number of barriers affect the ability
of consumers to engage in safe and effective self-management of their medi-
cations and the ability of health care practitioners to change their day-to-
day practices to support new consumer-oriented activities. These barriers
can be classified into three main areas: knowledge deficits, practical barri-
ers, and attitudinal factors (Cohen, 2000).

According to the Institute of Safe Medication Practices (ISMP), many
of these barriers are the root cause of nonadherence (Baird et al., 1984;
Ansell, 1999; Sawicki, 1999; Tamada et al., 1999; Cummings et al., 2000).
Nonadherence to a recommended treatment regimen, both intentional and
unintentional, is defined as not filling a prescription initially, not having a
prescription refilled, omitting doses, taking the wrong dose, stopping a
medication without the provider’s consultation or advice, taking a medica-
tion incorrectly, taking a medication at the wrong time, or taking someone
else’s medication (Cohen, 2000). Box 4-6 summarizes statistics on nonad-
herence among patients in the U.S. population.

For providers, barriers can present themselves as factors contributing
to errors in all phases of the medication-use system (many of which were
summarized in Chapter 2). Factors that directly impact the consumer–
provider relationship and consumers’ capacity for medication self-management
include the following:

• Inadequate continuing education programs and overreliance on mar-
keting materials for new knowledge about medications

• Lack of patient educational materials and resources to support pro-
viders in this capacity

• Use of free samples without appropriate documentation or in lieu of
other, more appropriate treatment options (medication and nonmedication)
for a particular patient

• Complex, burdensome, time-consuming, and changing requirements
associated with multiple payers and regulators

• Poor workflow design, inadequate continuity of care, and lack of
systems approaches and information technologies, which compromise effi-
ciency, effectiveness, and safety

• Lack of the support and leadership required to change from the
current system to a patient-centered delivery system and a culture of safety
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This section provides an overview of key issues underlying knowledge
deficits, practical barriers, and attitudinal factors that constitute barriers
for consumers and providers. Resources and strategies for adequately ad-
dressing these issues are necessary to achieve patient-centered care and the
consumer–provider partnership envisioned in this report.

BOX 4-6
Rates of Inaccurate Medication Use by Consumers

Problems with adherence exist in all populations but tend to be somewhat
more prevalent among vulnerable groups, such as those with low literacy, low
English proficiency, or cognitive impairment; the uninsured; those over age 70;
and those with polypharmaceutial regimens (NQF, 2005). The effects of nonad-
herence are substantial both for patients and in terms of costs to the health care
system. A recent meta-analysis of 569 studies found that the average nonadher-
ence rate was 25 percent, resulting in as many as 188 million visits to health care
providers (including hospitalizations). Analysis by disease estimates nonadher-
ence at 8.4 million for hypertension, 7.6 million for diabetes, and 4.5 million for
cancer. Analysis by regimen suggests 112.2 million for medication, 49.4 million for
diet, and 22.6 for exercise recommendations. Based on these rates, the costs of
nonadherence could be very high (billions of dollars per year) (DiMatteo, 2004).

Individual studies have estimated significantly higher nonadherence rates. The
University of Pennsylvania reported that about 50 percent of older adults have
problems adhering to their prescribed regimen, and more than 10 percent of these
cases result in hospital admissions (Schlenk et al., 2004). Other estimates of hos-
pital admissions due to adverse drug events (ADEs) resulting from nonadherence
are much higher: 23.5 percent for seniors (Michalsen et al., 1998) and 33 percent
for all groups (McDonnell and Jacobs, 2002). Gurwitz and colleagues (2003) cite
problems with patient adherence as a contributing factor in more than 20 percent
of preventable ADEs that occurred at the prescribing and monitoring stages. A
study of patients with hypertension and dyslipidemia who were prescribed a med-
ication for each condition found that only 44.7 percent were adhering to their reg-
imen 3 months after starting treatment, with a drop to 36 percent at 6 months and
1 year—a 64 percent nonadherence rate (Chapman et al., 2005). Other studies
found that 20 to 71 percent of patients failed to take the prescribed dose, while 29
percent omitted taking the medication altogether (Bedell et al., 2000; Barat et al.,
2001).

Some interventions designed to address adherence have been evaluated (e.g.,
interventions specific to a disease, dose simplification, reminders); these evalua-
tions have not found consistent outcomes among patient groups. Part of the rea-
son for this is that the issue of patient adherence has received very little attention
in the literature on patient safety relevant to preventing ADEs.

A recent report of the National Quality Forum recommends the development of
a set of standardized steps designed to improve adherence that could be imple-
mented by providers as part of quality and safety improvement efforts (NQF,
2005). Where nonadherence is intentional and the result of informed patient pref-
erence, providers (and health care systems) need to understand these preferenc-
es and pursue other treatment options.
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Knowledge Deficits

The single greatest barrier to patient education and good medication
self-management is insufficient knowledge about the safe and effective use
of medications. Both providers and patients often are forced to make deci-
sions in spite of knowledge deficits and take calculated risks as they weigh
the pros and cons of medication regimens.

At the most global level, there may be insufficient knowledge available
about the risks, benefits, and use of a drug, particularly in certain patient
populations. Issues that affect the development of an adequate knowledge
base for providers and patients are discussed in Chapters 2 and 6. Providers
themselves may lack up-to-date pharmacologic facts, especially given the
volume of products on the market and frequently changing safety informa-
tion (IOM, 2004c; Schultz and Perrier, 1976). As cited by Woolsey (2000),
for example, a two-page package insert for cisapride, when printed in a 12-
point font on 8.5 × 11 paper, is more than 10 pages long and contains more
than 470 facts about the drug (PDR, 2000). Prescribers would have diffi-
culty mastering all of this information for even a single drug, much less the
40 to 100 medications that they regularly prescribe (Woolsey, 2000). Most
can manage simply the basic facts, including when to prescribe a drug; in
which quantity, dose, and frequency; how to counsel patients about taking
the drug; what to look for when monitoring for effects; and how to handle
patient abuse of a drug (Horvatich and Schnoll, 1991). In addition, drug
information may not be presented in a way that accommodates the needs of
different providers (physicians, nurses, pharmacists) within the scope of
different time-sensitive uses (e.g., emergency care, surgery, clinical practice,
home care) or decision-support systems (IOM, 2004c).

Systems to assist physicians, nurses, pharmacists, and the public in
dealing with the overwhelming volume of information on drugs have not
been identified or are not being implemented (Woolsey, 2000). Poorly de-
veloped continuing education programs and methods of incorporating new
information into day-to-day clinical practice are major factors contributing
to providers’ limited knowledge of medications (Balas et al., 1996;
Blumenthal, 2004; Brennan et al., 2006). For example, physicians have
little specific training or continuing education in prescribing medications
for the elderly even though there is clear scientific evidence that these
patients’ physiological differences affect drug metabolism and safety (Avorn,
1990; Pereles and Russell, 1996; Peterson et al., 2005). Further lacking are
specific methods for teaching older adults how to self-manage medications,
as well as prevent such common errors as mixing OTC and prescription
medications, discontinuing prescriptions, taking wrong doses, using incor-
rect techniques, and consuming inappropriate foods with specific medica-
tions (Curry et al., 2005). Another obstacle to better patient education and
self-management is the tendency of the medical establishment to organize
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medical training and chronic disease management programs around single
diseases and conditions despite the need for care that addresses those with
multiple conditions taking multiple medications (Schroeder et al., 1986;
Mullan, 1998). Lastly, use of complementary and alternative medications
by consumers has increased dramatically, with a growing proportion re-
questing that these products be integrated into their treatment regimens
(IOM, 2005). Except for selected hospitals, educational programs and li-
censure and credentialing requirements for integrated treatment with these
products remain insufficient for the average practitioner (Cohen et al.,
2005; IOM, 2005).

At the patient level, knowledge deficits are usually due to misunder-
standing or the receipt of faulty or incomplete information about the
medication regimen. Often such deficits are the product of limited pro-
vider–patient communications, low levels of literacy or English proficiency
on the part of the patient, or inadequate educational materials and re-
sources. The unfortunate result is that consumers’ actual knowledge about
illness, illness prevention, and the function of medications is generally
quite low (Haugbolle et al., 2002). For example, in as many as 62 percent
of patients, misunderstanding or forgetting instructions from health care
providers or printed medication materials is an important reason for non-
adherence and poor health outcomes (Jenkins et al., 2003; Skoglund et al.,
2003). A study of medication misadventures resulting in emergency room
visits found that 30 percent of patients had no understanding and another
30 percent only some understanding of proper medication use (Schneitman-
McIntire et al., 1996). Another study demonstrated that 73 percent of
patients discharged from the hospital were aware of the course and pur-
pose of their medication, but were unaware of side effects, needed lifestyle
changes, and correct medication schedules (Kerzman et al., 2005). Clearly,
when consumers do not understand information about their medications,
safety may be compromised (Cohen, 2000).

In other instances, misunderstandings in provider–patient communica-
tions are attributable to the patient’s own lack of participation in the con-
sultation, which can lead to inaccurate guesses and assumptions on the part
of both provider and patient. Patients can also be confused by conflicting
advice from their providers and other sources of information, such as phar-
macy leaflets and the Internet (Bitten et al., 2000). One study of asthma
patients found multiple examples of partial or total failure to understand
drug information, even though patients had actively sought such informa-
tion from a variety of professional and lay sources (Raynor et al., 2004).

Issues related to consumers’ health literacy, in terms of low levels of
both general literacy and English proficiency, and providers’ cultural com-
petence contribute further to deficits in knowledge about medications. Ac-
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cording to the National Adult Literacy Survey, nearly half of all American
adults (90 million people) have difficulty understanding and acting upon
health information (IOM, 2004a). Health literacy is the degree to which
individuals have the capacity to obtain, process, and understand basic health
information and services as necessary to make appropriate health decisions
(Ratzan and Parker, 2000). Functional literacy is the ability to use literacy
to perform a task. It includes speech and speech comprehension (e.g., com-
municating symptoms to a doctor, discussing medication use), reading and
writing (e.g., reading and understanding a prescription label, completing a
medical history questionnaire), and basic math skills (e.g., calibrating a
home care medical device, calculating the proper dose of a medicine). Even
those with high general literacy skills may find health information difficult
to obtain, understand, or use (IOM, 2004a); those Americans (40 million)
with limited literacy and/or English proficiency, many of whom are poor,
members of ethnic or cultural minorities, or with less than a high school
education, are at a severe disadvantage in their ability to understand and
act upon such information. For example, a Spanish-speaking patient may
have an English-speaking physician who prescribes a heart medication to be
taken once per day. Without an interpreter available, this patient, whose
prescription has been filled in English, may translate the English words
“once per day” as meaning “eleven times per day” in Spanish.

Another major factor contributing to the gap in knowledge, awareness,
and understanding of medications among both high- and low-literacy
groups is the inadequacy of drug information materials that are intended to
supplement provider–patient communications and self-management. Few
materials and resources are available to support providers in educating
patients about their medications. Generally, educational exchanges with
the provider are verbal; the provision of literature is relegated to the phar-
macy, yet pharmacy leaflets vary in comprehensibility, utility, and design
quality (Krass et al., 2002). The average pharmacy leaflet is written at a
college reading level, four grade levels above the average reading compre-
hension level (grades 11–12) (Rolland, 2000), and lacks important in-
formation about precautions, drug–drug interactions, and symptoms of
certain adverse reactions (Svarstad and Mount, 2001). Moreover, most
pharmacies do not provide leaflets in commonly spoken languages to ac-
commodate consumers with low English proficiency (Svarstad and Mount,
2001; Krass et al., 2002; IOM, 2004a). Knowledge deficits can be over-
come by providing patients with more information or providing them with
information in a more understandable forms, tailored to their level of edu-
cation and their cultural/ethnic background (FACCT, 2001a; IOM, 2004a;
AMA, 2005; AskMe3, 2005).
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Practical Barriers

Practical barriers for providers generally can be classified as problems
stemming from the health system itself, such as limited time for interactions
with patients, prescribing requirements associated with multiple formular-
ies, and lack of systems approaches and health information technology to
improve workflow.

Providers are constrained in the amount of time they can spend with
each patient for a number of reasons. Most visits to the doctor end with a
prescription being written in the last 30 seconds, with limited discussion
about the medication and the scope of important facts necessary for safe
and effective medication use (George and Rabin, 1993; Gallagher et al.,
2003; IOM, 2000). In a busy office practice, physicians often find it diffi-
cult to engage in lengthy discussions with patients about self-management,
including medication use (Debusk et al., 1999; Ditmyer et al., 2003; Trude,
2003). Increased time pressures associated with clinical practice have been
observed—patients waiting longer for appointments and more physicians
reporting having inadequate time with patients (Trude, 2003). Constrained
capacity also is the result of changes in the nature and prevalence of dis-
eases in the population. Medical advances mean more treatment options
are available to patients (Trude, 2003). People are living longer with chronic
conditions that require more time to discuss treatment options and disease
management, more complex coordination with other caregivers, and greater
emphasis on preventive services (Trude, 2003). Some physician practices
have employed physician assistants, nurse practitioners, nurse midwives,
and clinical nurse specialists to counter the pressures of time and capacity.
However, most ambulatory physicians cannot afford to hire additional
office staff to assist them with patient education and counseling (Woolsey,
2000).

Prescribing requirements associated with multiple payers and formular-
ies are another practical barrier affecting providers in their day-to-day
practice activities. Some aspects of managing multiple different formulary
requirements can be alleviated with the use of information technology.

For consumers, practical barriers to medication self-management in-
hibit an individual’s ability to follow through on a prescribed medication
regimen because of physiological, functional, or financial constraints. Such
barriers include visual, hearing, and cognitive impairment; the inability to
act on one’s own behalf; complex medication regimens and adverse drug
side effects; medication labeling and packaging that are difficult to read or
use; and a lack of health insurance and the cost of drugs (Cohen, 2000).
Seniors are particularly vulnerable as many of them are challenged by
several of these barriers (NCHS, 1995).

Estimates of the number of people in the United States with visual
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difficulty (even wearing their usual eyeglasses) range from 7 to 20 million
for all ages; 1.5 to 2.0 million are estimated to have severe visual impair-
ment (i.e., near-total or total blindness) (AFB, 2004). Of particular concern
is that four of the five major causes of vision impairment and blindness are
associated with aging,5 and the population of seniors is expected to double
by 2030. Compromised ability to read instructions printed on drug con-
tainers or pharmacy leaflets creates a high potential for errors in self-
managing medications. Consumers use a range of solutions, based generally
on the severity of their impairment. For example, they may rely on friends
or family members to read information on bottles or in leaflets, memorize
the shape of a pill as it feels in their hand, use extra lighting and magnifiers,
use a technological device (e.g., talking pill bottles, glucose meters with
alerts) or a computer program that can convert printed information to
Braille, or rely on their memory of oral communications (AFB, 2004).
Nonetheless, methods for meeting the medication safety needs of individu-
als with various levels of visual impairment need to be more fully developed
and widely distributed. Moreover, manufacturers need to make the printed
information on prescription bottles easier to read for consumers in general.

Hearing-impaired individuals are compromised in their verbal commu-
nications with providers and pharmacists, which can lead to misunder-
standings in the execution of the prescribed medication regimen. Since they
are able to obtain and read written medication information, however, er-
rors can be prevented more easily than for those with visual impairment.

Medication management requires not only a defined set of mental and
physical skills, but also higher-level cortical processing and integration
(Edelberg et al., 1999). With cognitive impairment, certain areas of the
brain involved in thinking and higher-level executive functions (e.g.,
memory, language, reasoning, judgment, perception, attention, learning)
are compromised to the point of interfering with the conduct of daily
activities (NIMH, 2000; IOM, 2006). Even mild impairment, such as
memory changes associated with the normal aging process, or fluctuating
impairment, such as that associated with type II diabetes, can be a barrier to
safe and effective medication self-management, especially when the ability
to generate problem-solving strategies is required (Asimakopoulou and
Hampson, 2002). Various interventions—psychosocial (e.g., caregivers,
behavioral modification), technological (e.g., weekly pill organizers, elec-
tronic pagers), and others—can be effective in enhancing cognition and
support for those with such impairment (Albert et al., 2003; Andrade et al.,
2005).

5The major causes of visual impairment and blindness related to age are macular degenera-
tion, cataracts, glaucoma, and diabetic retinopathy (NCHS, 1995).
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The inability to perform self-care is another barrier to medication man-
agement when the impairment is high, when individuals are too sick to care
for themselves, or when they are rendered unconscious. In such cases,
individuals must rely completely on providers and other caregivers (e.g.,
family members, friends, surrogates) for medication management, safety,
and error prevention. In these circumstances, informal caregivers require
adequate training, education, and emotional support to carry out this role,
whether for a short period, such as when a patient is postoperative, or for
chronic conditions that require long-term care. Such caregivers can experi-
ence a significant burden that affects their quality of life and mental and
physical health (McCullagh et al., 2005; Schrag et al., 2005; Vanderwerker
et al., 2005), which in turn can result in medication errors.

It must be stressed that any policy or provider action that prevents a
patient from having a designated surrogate present whenever the patient is
receiving medication can be considered a barrier to safe and effective medi-
cation management. Given the amount of evidence for the occurrence of
medication errors in hospitals, surrogates should be encouraged to question
any professional about medications, routes of administration, and doses,
and should be partners in reporting side effects patients may not be able to
report themselves.

Another practical barrier to medication self-management can be the
difficulty of opening a pill bottle or container, especially if an individual’s
manual dexterity has been compromised by his or her condition (e.g., ar-
thritis, broken arm, disability). Such individuals may give up trying to open
the bottle and simply not take the medicine.

Undesirable drug side effects (expected or not) distress patients, add to
the burden of their illness, and increase the costs of care (Barsky et al.,
2002). They may result in nonadherence or discontinuation of an otherwise
appropriate therapy, or they may increase the complexity of the regimen as
drug(s) are added to treat the side effects. Polypharmacy contributes signifi-
cantly to the likelihood of adverse drug reactions and drug–drug interac-
tions. Difficulties with side effects are exacerbated in those that have im-
paired renal and hepatic function as a result of either age (e.g., seniors) or
illness (e.g., HIV) (Cohen, 2000; Murray and Kroenke, 2001). Drug toxic-
ity can manifest as a decline in functional status (e.g., problems in perform-
ing activities of daily living, confusion, drowsiness, and depression) or a
more pronounced acute or long-term reaction (e.g., vomiting, heart ar-
rhythmia) (LeSage, 1991).

The inability to pay for medications (or for health care in general) is
one of the most frequently cited practical barriers to medication adherence,
as well as to overall self-management of health conditions (Safran et al.,
2005; Piette et al., 2006). To minimize out-of-pocket costs for drugs, indi-
viduals who are uninsured or underinsured may not fill a prescriptions at
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all, skip doses, or take smaller doses to make the medication last longer
(Cohen, 2000). Problems related to the cost of drugs are widespread; a
recent poll showed that one of every three families has difficulty paying for
prescriptions (AP, 2004). The elderly and those in lower income brackets
are particularly affected by drug prices (Prutting et al., 1998), as are those
subject to formularies that require high copayments even if no generic
equivalent is available (Kamal-Bahl and Briesacher, 2004). Growing num-
bers of consumers are using the Internet to purchase lower-priced drugs,
which may raise safety concerns (see Chapter 2).

Overcoming practical barriers requires a concerted effort to assist pa-
tients on the part of providers and other stakeholders. Providers should
develop an understanding of how a medication regimen fits into the patient’s
life, including the practical barriers likely to arise. Providers should be able
to direct patients and their surrogates to the appropriate resources for
further assistance with medication management. They also should follow
up with patients to see how they are handling the effects of their medication
and whether they are encountering any barriers that could interfere with
adherence. Pharmacists, drug manufacturers, and regulators should rede-
sign product labels and instructions to make them easier to read and under-
stand, and should redesign product containers so they are easier to use.

Attitudinal Factors

At the provider level, attitudinal factors that influence caregiving range
from organizational leadership, culture, and priorities to individual provid-
ers’ personal values. Improvements in patient safety (including medication
safety and error prevention) are best achieved when health care organiza-
tions adopt a culture of safety (IOM, 2004c). A culture of safety6 can be
defined as an integrated pattern of individual and organizational behavior,
based upon shared beliefs and values, that continuously seeks to minimize
patient harm that may result from the processes of care delivery (Kizer,
1999). Several studies have documented that the existing health care culture
is likely the greatest barrier to improving patient safety (Leape, 1998;
O’Leary, 1998; Cohen et al., 2003; Manasse and Thompson, 2005). Patient
safety and patient-centered care have not been made a priority (Gerteis et
al., 1993; Manasse et al., 2002). Most events are handled within the con-

6A culture of safety encompasses several elements: shared beliefs and values about the
health care delivery system; recruitment and training with patient safety as a priority; organi-
zational commitment to detecting and analyzing patient safety events, including near misses;
open communication about patient safety events (especially patient injury) within and outside
the organization; and the establishment of a just culture (Kizer, 1999: IOM, 2004c).
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text of a bureaucratic culture where errors are dealt with on an isolated,
local basis, and lessons from failures are not integrated throughout the
organization for purposes of improvement (Manasse and Thompson, 2005).
The attitudes embodied in a culture of safety are not widely present within
the majority of current health care organizations. To bring a culture of
safety and quality to health care, fundamental change is required at both
the organizational and individual practitioner levels (Bodenheimer, 1999).
A core element of culture change is the patient-centered approach to care
(Gerteis et al., 1993).

Patient-centeredness is an expression of organizational culture. While
every health care organization’s and practitioner’s purpose is to serve pa-
tients, those that have successfully implemented a patient-centered approach
to care have done so through a clear articulation of this mission of service,
specific definition of the components of such service, and espousal of the
approach by top management (Gerteis et al., 1993). Patient-centered care,
then, permeates every facet of institutional life and practitoners’ interac-
tions with patients. Some organizational environments are more conducive
to patient-centered care than others.7 Chief attitudinal barriers to the adop-
tion of patient-centered care from the organizational perspective are the
failure to make patient-centered care a priority and redesign processes to
support its multiple dimensions, lax or ineffective managerial intervention
when such intervention can shape the quality of patient-centered care (e.g.,
efforts to attract, retain, and motivate the right people and socialize them
into the institutional culture), and a lack of methods for measuring patients’
perceptions (Gerteis et al., 1993). At the level of the individual provider,
attitudinal barriers to patient-centered care are associated with a belief that
the care being given is patient-centered, whereas the provider in fact may
not fully understand the components of such interaction; external factors
that negatively impact the provider–patient relationship;8 preferences for
formal sources of information (e.g., randomized controlled trials) for clini-
cal decision making rather than patient preferences; frustration with poor

7It is more challenging to implement patient-centered care in large urban academic health
centers. These centers must balance the myriad interests of clinical specialists; medical educa-
tors; academic researchers; politicians or government officials; and a community that may be
deeply divided by class, race, and ethnicity. Complex lines of authority and governance typi-
cally connect the administration of a hospital with the medical school and the parent univer-
sity, and in public institutions extend to involve civil service systems, government bureau-
cracy, and even local legislative processes (Gerteis et al., 1993).

8Examples include limited time to establish a bond with patients, technology encroaching
on and replacing personal interactions, the litigiousness of medical practice, the comparison
shopping approach to seeking services that increasingly characterizes consumers, and eco-
nomic constraints that require uncomfortable discussions with the patient.
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patient adherence to medical regimens rather than taking an empathetic
approach to understand patient challenges; and challenges of the provider’s
own work environment (e.g., long hours).

Consumer-related attitudinal factors that affect medication self-
management are rooted in the individual’s belief system, culture, ethnicity,
family, personal values, and previous experience with the health system
(Cohen, 2000). Such factors affect everything from health beliefs to prefer-
ences regarding treatment, advance directives, organ donation, and disclo-
sure, as well as truth telling (Berger, 1998). For example, cultural and
religious beliefs can determine an individual’s role preference in decision
making. African Americans place greater emphasis on security, survival,
and community than do white Americans, who place greater value on
personal autonomy, empowerment, and control (Murray, 1992). Asian and
Hispanic cultures emphasize family support and involvement in decision
making, as well as high regard for and deference to the physician (Blackhall
et al., 1995). Euthanasia is broadly accepted in the Netherlands, and non-
disclosure of a cancer diagnosis is common practice in Italy and Japan
(Berger, 1998).

According to Berger (1998), assessment of both good and harm is
culturally mediated, and acceptance of medication varies by ethnic group.
In fact, the influence of attitudinal factors is so strong that some health care
interventions are unsuccessful because of the provider’s failure to account
for these factors. For instance, Afro-Caribbeans are less than half as likely
as whites to take an antihypertensive medication (Morgan, 1995). White
Americans are more likely to accept narcotic analgesics even if life is unin-
tentionally shortened (Caralis et al., 1993). Herbal remedies are used com-
monly by Puerto Ricans to treat asthma and by Hispanics to treat diabetes
(Zaldivar and Smolowitz, 1994; Pachter et al., 1995). Providers’ recogni-
tion of the cultural and religious contexts of their patients’ illnesses can thus
be essential to a successful therapeutic relationship (Berger, 1998).

Culture and ethnicity aside, patients’ personal experiences related to
their health condition can influence their attitudes toward treatment and
self-management. A growing portion of the population—36 percent in a
recent survey (NCCAM, 2004)—uses complementary and alternative medi-
cations as part of the treatment plan or as a first step prior to the use of
conventional medications. (Some organizations, such as the Dana Farber
Cancer Institute, refer to these as integrative therapies.) Patients’ prefer-
ences for these medications may engender a conflict between medical pater-
nalism (the desire to do what is best for patients and protect them from
foolish decisions) and patient autonomy (IOM, 2005). Moreover, individu-
als with serious and terminal illnesses may feel they are unable to tolerate
any further traditional medicines with significant noxious side effects and
prefer to seek relief with complementary and alternative therapies. Practi-
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tioners should demonstrate willingness, at the very least, to maintain a
professional knowledge base on such medications, including results of the
latest research studies, from which they can counsel their patients, guide
decision making, and protect patient autonomy.

Individuals may have negative attitudes about prescription medicines
and/or health care providers in general that may affect their willingness to
follow a treatment regimen (Getz and Borfitz, 2002). Educated consumers
may be cautious because providers have prescribed drugs in the past that
turned out to be dangerous to people’s health or have failed to prevent an
ADE. They may also be aware that new drugs are not tested sufficiently to
ensure that there will be no negative sequelae once the drugs are used
outside of tightly controlled clinical trials in relatively healthy populations.
Negative attitudes may be shaped as well by dislike of a medication’s side
effects or delivery method, concern about the perceived risk of using a
particular medication, or a general reluctance to take any medication
(Osman, 1997).

Conversely, people may overvalue the potential benefits of medications
while ignoring or minimizing their risks. A recent article in the New York
Times highlighted young people’s sharing of psychiatric prescription medi-
cines obtained from providers, their parents’ medicine cabinets, and the
Internet (Harmon, 2005). Youths are trading unused drugs with each other
not to get high, but to feel more focused, better rested, less stressed, and less
depressed. They also believe that general practitioners are too pressed for
time to be familiar with the increasing inventory of psychiatric drugs and
are happy to take suggestions from their friends. While they understand the
risks of illegal drugs, such as cocaine and heroin, they have no grasp of the
potential danger of misusing or overusing prescription drugs (Harmon,
2005). Additionally, older individuals struggling to pay for prescription
drugs will often trade drugs with their friends to save money (Schommer et
al., 2003).

The IOM’s recent report on mental health and substance-use health
care (IOM, 2006) expounds on the negative effects of stigma and dis-
crimination on providers’ recognition of the capacity of individuals with
these conditions for self-efficacy in making decisions about and manag-
ing their illness and its care. In fact, stigma and discrimination act as
direct impediments to patient-centered care. Those with mental health or
substance-use conditions can experience stigma (negative attitudes about
members of a group) and discrimination (behaviors that result from these
attitudes) from society at large or from unenlightened clinicians. Such
stereotypes (1) lessen patients’ ability to participate in the management of
their illness and achieve the desired outcomes; (2) encourage pessimistic
and nontherapeutic attitudes and behaviors among clinicians, making
them less likely to foster and support patients’ self-management efforts;
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and (3) promote discriminatory public policies that create barriers to
patient-centered care and recovery. In the present context, because mental
health care in America is highly medication-dependent, stigma and dis-
crimination may affect deliberations about medication choice, adminis-
tration modality, and who will monitor for side effects and determine the
level of satisfaction with treatment outcomes.

Religious beliefs can affect medical treatment in such areas as prenatal
and end-of-life decision making, as well as in more common decisions
about medication use. In these situations, conflicts with medical recommen-
dations are less about the clinical facts than about the meaning of the facts
and their implications for further action (Curlin et al., 2005). Individuals
who decline treatment for religious reasons do so more often in situations
of relative uncertainty and under conditions in which treatment modalities
offer modest benefit over faith in God for healing. However, some religions
require that all medical interventions be declined, while others preclude the
use of only certain treatments or medications (e.g., antidepressants). Re-
gardless of the individual’s reasons, courts have long held that patients have
the right to refuse both medical treatment (Schloendorff v. Society of N.Y.
Hospital, 211 N.Y. 125, 105 N.E. 92, 93 [1914]; Cobbs v. Grant, 502 P.2d
1, 12 [Cal 1972]), and mental health treatment or psychiatric medications
(Cruzan v. Director, Missouri Department of Health, 497 U.S. 261 [1990]).
For the majority of states, this includes the right of parents or guardians to
refuse medical treatment for a child in their care based on religious beliefs
without prosecution under federal laws governing abuse and neglect.9 In
life-or-death situations, however, a physician or hospital can obtain a court
order to proceed with treatment for the child (Annas, 2004).

Attitudinal factors are more difficult to address than the other barriers
discussed above as they embody an individual’s personal beliefs and values,
protected by the U.S. Constitution. Unless safety is seriously compromised
(e.g., by youngsters trading drugs), most attitudinal factors should be taken
into consideration when a medication regimen is being designed.

9Federal laws governing children and health care generally fall into two categories: (1)
protection from abuse and neglect, in which the failure to provide adequate medical care is
considered neglect (ACF, 2005), and (2) protection in clinical research through additional
measures appropriate to the children’s stage of development (IOM, 2004f). These laws rely
on state statutes to provide relevant definitions or other elements essential to interpretation
and application of the regulations. As a result, interpretations vary widely among the states.
In 45 states, reliance of parents or guardians on spiritual healing is exempt from child abuse
and neglect laws. The exceptions are Colorado, Hawaii, Massachusetts, Nebraska, and North
Carolina, which repealed their religious exemption clauses.
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RESOURCES TO SUPPORT THE
CONSUMER–PROVIDER PARTNERSHIP

Activating consumers on a national scale will require the development and
refinement of resources to provide support at all stages of the medication-use
process across all health care settings. Specifically, health and medication infor-
mation and educational tools must be revised to have consumer-friendly for-
mats; a variety of supportive interventions for medication safety and self-
management education should be developed and tested; systems that provide
around-the-clock access to clinical support should be developed; information
technology tools should incorporate programs that support medication man-
agement and general self-care; and regulatory councils should expand con-
sumer participation. All stakeholders in the health system (e.g., government
regulators, payers, employers, industry) should make contributions to the de-
velopment and implementation of these means of support for consumers and
providers.

Recommendation 2: Government agencies (i.e., the Agency for
Healthcare Research and Quality [AHRQ], the Centers for Medi-
care and Medicaid Services [CMS], the Food and Drug Administra-
tion [FDA], and the National Library of Medicine [NLM]) should
enhance the resource base for consumer-oriented drug information
and medication self-management support. Such efforts require stan-
dardization of pharmacy medication information leaflets, improve-
ment of online medication resources, establishment of a national
drug information telephone helpline, the development of personal
health records, and the formulation of a national plan for the
dissemination of medication safety information.

• Pharmacy medication information leaflets should be standard-
ized to a format designed for readability, comprehensibility, and
usefulness to consumers. The leaflets should be made available to
consumers in a manner that accommodates their individual needs,
such as those associated with variations in literacy, language, age,
and visual acuity.

• The NLM should be designated as the chief agency respon-
sible for Internet health information resources for consumers. Drug
information should be provided through a consumers’ version of
the DailyMed program, with links to the NLM’s Medline Plus
program for general health and additional drug information.

• CMS, the FDA, and the NLM, working together, should un-
dertake a full evaluation of various methods for building and fund-
ing a national network of drug information helplines.
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• CMS, the FDA, and the NLM should collaborate to confirm
a minimum dataset for personal health records and develop re-
quirements for vendor self-certification of compliance. Vendors
should take the initiative to improve the use and functionality of
personal health records by incorporating basic tools to support
consumers’ medication self-management.

• A national plan should be developed for widespread distribu-
tion and promotion of medication safety information. Health care
provider, community-based, consumer, and government organiza-
tions should serve as the foundation for such efforts.

Pharmacy Leaflets

Written information about prescription drugs for consumers is avail-
able in various forms (e.g., medication guides, pharmacy leaflets, patient
package inserts,10 websites). Consumers rely primarily on pharmacy-
distributed documents (i.e., medication guides and leaflets) for basic infor-
mation and instructions about their medications. Medication guides (as
defined in Chapter 2) are pharmaceutical company–produced and FDA-
approved labels that are required to be provided to consumers for drugs
that pose a serious and significant public health concern if certain circum-
stances exist.11 While the law (21 Code of Federal Regulations Part 208)
requiring distribution of medication guides was not formally passed until
1999 (NARA, 1999), the FDA began requiring additional warnings and
consumer-oriented information for certain high-risk drugs, such as isopro-
terenol products, in the late 1960s and for oral contraceptives (by means of
patient package inserts) in the 1970s (DHHS, 1996). Through these early
initiatives, the FDA recognized the benefit of such information to safe,
effective medication use. At several points in subsequent decades, the FDA
sought to pass formal regulations requiring the provision of consumer-
oriented information for all prescription drugs; each time, however, the

10Patient package inserts are labels written for consumers based on FDA and drug company
discussions. The inserts provide basic information about the drug, including its major and
common risks and efficacy, and pertinent disease-specific information in consumer-friendly
language. Unlike professional product labels, patient package inserts are generally not in-
cluded in the product container, and they are not required for most drugs. Pharmacies are not
required to dispense them, except for oral contraceptives and estrogen-containing products.

11Medication guides are to be handed out if (1) patient labeling could help prevent serious
adverse effects; (2) supplemental information about the seriousness of the drug’s risks (rela-
tive to its benefits) is warranted because such information could affect patients’ decision to
use or continue to use the drug; or (3) supplemental information on adherence to directions
for use is crucial to the drug’s effectiveness (FDA, 2005).
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legislation failed.12 Instead, Public Law 104-180 was passed in 1996, estab-
lishing a process for voluntary development and distribution of medication
information for consumers in the form of pharmacy leaflets.

Pharmacy leaflets (also known as consumer medication information or
CMI)—the computerized printouts that are attached to or placed in the
prescription bag at the pharmacy—are now the most common form of
medication information received by consumers. Neither the FDA nor state
boards of pharmacy regulate the content of the leaflets, although the FDA
did produce the Keystone report (DHHS, 1996), which provides guidance
on leaflet design and content. If written in a clear, understandable manner,
leaflets can be an important supplement to provider–patient communica-
tions. They can help bridge information gaps, clarify specific instructions,
reinforce safety precautions, and increase adherence (Bernardini et al.,
2000). For such results to occur, however, the leaflets must be easy to read,
understand, and act upon (Gustafsson et al., 2003).

Unfortunately, a number of studies have confirmed that the quality of
pharmacy leaflets remains inadequate, and varies widely from one phar-
macy vendor to another and from one drug to another (Morrow et al.,
1988; Svarstad and Mount, 2001; USP, 1999). Primary problems include a
lack of standardized consumer-friendly nomenclature, incomplete or inac-
curate information, inadequate layout and design for readability, and a lack
of regulatory review and approval prior to use. A U.S. Pharmacopeia (USP)
study found that these and various cognitive features can affect consumers’
ability to find, understand, remember, and use the information provided
(USP, 1999). Many types of health information, ranging from informed
consent forms and public health information to prescription instructions
and health education materials, are provided in written form characterized
by jargon and technical language that make them unnecessarily difficult for
consumers to use (Rudd et al., 2000). Cultural, language, and age differ-
ences exacerbate problems with comprehension, particularly since leaflets
cannot be adjusted to accommodate individual needs (Gustafsson et al.,
2003). There have been exceptions (such as the USP MedCoach leaflets
with gender-specific and easy-to-read versions), but they have proved diffi-
cult to maintain. Research has found that key information deemed by
consumers to be most important to them but missing or deficient in the
leaflets is that related to risks (i.e., contraindications and drug interactions),
followed by administration (i.e., directions and precautions) (Meryn, 1998;
Svarstad and Mount, 2001; Garfield et al., 2004; Raynor et al., 2004).

12Refer to the Action Plan for the Provision of Useful Prescription Medicine Information
(DHHS, 1996), also known as the Keystone report, for a historical review of the efforts of the
FDA and others in this regard.
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A major part of the problem has been follow-through on the processes
established by Public Law 104-180. Specifically, the law set basic standards
for content and design, and there are plans to study the extent of leaflet
distribution at two specific target dates (2001/2002 and 2006/2007). How-
ever, the standards were never fully developed or implemented, and the most
extensive studies on content and design have been undertaken by other orga-
nizations, such as USP, and individuals. As a result, most pharmacies distrib-
ute leaflets, but the only standard is a de facto one set by the market. To move
forward with leaflet design, the FDA published a draft guidance document in
May 2005 describing how vendors should implement the Keystone criteria.
However, those criteria need further improvement to address critical barriers
experienced by consumers when trying to read, understand, and act on medi-
cation information in the leaflets. Remaining concerns about leaflet readabil-
ity, comprehensibility, and usefulness to the consumer must be resolved to
support safe and effective medication use.

Additional work on human and cognitive factors engineering aspects of
content and design should be undertaken for the various consumer infor-
mation sources (i.e., pharmacy leaflets, medication guides). Expanded stud-
ies should be based on well-known cognitive principles identified in the USP
(1999) study, including the following:

• Information load (i.e., the amount of information presented)
• Study time (i.e., the limited amount of time someone will actually

spend reading the information)
• Depth of processing (i.e., the way information can be processed to

increase memory and understanding)
• Chunking (i.e., breaking up items into smaller, more manageable

pieces)
• Linguistic coding (i.e., internal ways of naming or coding informa-

tion to increase memory and understanding)
• Prior knowledge and knowledge structures from previous experi-

ences that may make it easier to learn and recall new information
• Cognitive task scenarios that test the ability to utilize the informa-

tion in problem solving situations (USP, 1999).

Along with work on human and cognitive factors, studies should be
undertaken to develop and evaluate pictograms that could be used in leaf-
lets to accommodate certain populations. Some studies have evaluated the
use of pictograms to improve readability and comprehensibility, but their
findings do not support major improvements in the comprehensibility of
leaflet information (TGA, 2002; Hameen-Anttila et al., 2004; USP, 1999).
In one study, reasons for neutral results included disconnects between pic-
tograms and leaflet information, nonuse of text within pictograms to rein-
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force the message, and too many visual elements (USP, 1999). For example,
pictograms meant to convey “ask/tell your doctor if you are pregnant”
were interpreted as “don’t use this drug if you are pregnant;” other picto-
grams meant to convey “don’t drive” and “don’t share medicines” did not
translate at all. Researchers agree, however, that standardized, well-
designed, and comprehensively tested pictograms would be valuable and
safe to use for intended patient populations, particularly those in vulnerable
groups (e.g., children, the elderly, those with poor sight or low literacy
skills) (Hameen-Anttila et al., 2004).

Implementation of the leaflets designs can be relatively simple. Phar-
macy database vendors can develop software programs that allow the phar-
macist to generate a leaflet according to selected characteristics to accom-
modate the individual needs of consumers.

Lastly, the lack of an established regulatory review prior to distribution
has compromised the effectiveness of leaflets. The committee believes FDA
leadership is necessary to ensure that leaflet content and design promote
safe and effective medication use and accommodate the needs of all con-
sumer populations. The FDA could establish an advisory council for this
purpose. Box 4-7 outlines specific tasks for leaflet improvement that en-
compass but go beyond those identified in the Keystone report (DHHS,
1996).

Pharmacy Container Labels

Along with pharmacy leaflets, the labels applied to medication contain-
ers dispensed at the pharmacy warrant significant improvement. Container
labels that are difficult to read or easy to confuse with those for other
medications increase the likelihood that an error will occur (Cohen, 2000).
(Issues concerning the external packaging and labeling generated by drug
manufacturers, which affect health care providers, are discussed in Chapter
6; the discussion here focuses on bottle labels generated at the pharmacy,
which affect consumers.)

At the community pharmacy, almost all medications are dispensed in
similar-looking brown, bottle-shaped containers with white labels provid-
ing basic drug information. Warnings (e.g., may cause drowsiness, take
with food) are placed horizontally on the containers on yellow stickers
that may include a pictogram. Typically for drug information and warn-
ings, the point size is quite small (i.e., 10 or smaller), and the labels may
contain abbreviations, acronyms, or other terms that are difficult for con-
sumers to read and understand. Moreover, the readability of label infor-
mation is compromised when the label is placed horizontally so that it can
be read only by turning the bottle around, and when characters are com-
pressed to fit the small space of the label (Wogalter and Vigilante, 2003).

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

AGENDA TO SUPPORT THE CONSUMER–PROVIDER PARTNERSHIP 197

BOX 4-7
Principles for Improving Pharmacy Medication

Information Sheets (Leaflets)

The FDA and the National Library of Medicine should:
• Develop a consumer-friendly set of terms and concepts (nomenclature)

that can be applied to all printed materials, including leaflets. This nomenclature
should be flexible enough to accommodate differences among patient popula-
tions, such as age, health status, ability to understand, and language. It should
be transferable to data standards associated with consumer-oriented informa-
tion technologies.

• Produce leaflets in multiple languages that can be printed from pharmacy
database systems on demand to meet the needs of consumers with low or no
English proficiency. Additionally, the FDA should work with the appropriate organi-
zations to make leaflet medication information available for the visually impaired
and the blind.

• Provide information in a format that progresses into greater detail.

The FDA should:
• Establish a visual standard for the layout of leaflets as a model for pharma-

cies to follow. The layout should place information in order of importance to and
use by the consumer. Specifically, information should be presented in the follow-
ing order:

– Name of medication and brief description of regimen
– Instructions for use (per clinician’s orders)
– Contraindications
– Precautions and warnings
– Other use information (e.g., how it works, monitoring of effects)
– Side effects (occurrence rate and what to do about them)
– Contacts for emergencies and patient safety information
– Additional information sources (e.g., MedlinePlus)

• Ensure that leaflet content is presented in 12-point type at a minimum.
Along with other criteria from the Keystone report (DHHS, 1996) study, descrip-
tions should be in active, short phrases or sentences.

• Review and approve all medication leaflets to be distributed by pharmacies.
Regulators should create a medication safety council with consumer representa-
tives to review and approve materials.

• Develop measures for regularly evaluating the readability, comprehensibil-
ity, and usefulness of leaflets.

Sometimes warning labels are stuck on the bottles over other important
information or each other. These problems of readability and comprehen-
sibility are compounded for those individuals with visual or hearing im-
pairment, memory problems, or language or literacy difficulties
(Drummond et al., 2004). Moreover, opening containers with safety caps
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can be problematic for older individuals, exacerbating their difficulties in
taking their medications (Beckman et al., 2005).

Several studies of all types of labeling have demonstrated the impor-
tance of label format—point size, font type, font compression, design/
layout, and terminology (including acronyms)—for readability, compre-
hensibility, and usefulness to consumers (Cramer, 1998; Cohen, 2000;
Wogalter and Vigilante, 2003). For example, Drummond and colleagues
(2004) noted significant improvements in comprehension and adherence
among older adults when the label font was Arial 22 or the equivalent—
almost three times the point size normally used on medication labels. Ad-
justing the format of pharmacy bottle labels is one of the simplest, lowest-
cost means of improving consumer understanding of the information
presented (Wogalter and Vigilante, 2003).

Some pharmacies are experimenting with new designs for the shape of
medication containers and for labels. For example, the new bottle and label
design implemented by pharmacies at Target™ retail stores, called Clear
Rx™, is an upside-down bottle made from red clear plastic with flat front/
back surfaces for printed information, including up to five warnings
(Hafferty, 2005). Removable colored rings can be added around the bottle
opening to differentiate family members’ medications or an individual’s
different medications. On the label, light blue bands separate each item of
labeling information. The name of the prescription is in bold and all capital
letters, highlighted by a light gray background. Below the drug name are
the instructions for use, followed by a colored band, then secondary infor-
mation, such as the number of tablets/capsules, date, number of refills,
prescriber’s name, drug routing information, and pharmacy phone num-
bers (Hafferty, 2005). Additional information about side effects and warn-
ings are printed on a small card that slips under the back portion of the
label.

The FDA is now exploring the development of a general set of require-
ments for redesigning pharmacy containers and labels to improve their
safety and quality. Comparative studies of different designs should be un-
dertaken to determine those optimally useful to consumers. Such efforts
should incorporate the principles of human factors engineering and include
thorough testing in the general population. As with pharmacy leaflets,
attention should be given to the needs of various consumer groups; differ-
ent designs may be necessary to accommodate these varying needs.

Drug Information on the Internet

The proliferation of Internet-based health information over the last
decade has given consumers immediate access to valuable resources such as
medical journals and libraries, disease management guidelines, medication
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information, and treatment alternatives, and consumers are increasing their
use of the Internet to obtain this information. The proportion of adults who
have sought health information online grew from 27 percent (54 million) in
1998 to 53 percent (117 million) in 2005 (HI, 2005). Many consumers
believe that Internet health information is highly reliable (37 percent) or
somewhat reliable (53 percent). In reality, however, the quality of health
and drug information on the Internet remains quite variable (Griffiths and
Christensen, 2000; Berendt et al., 2001; Eysenbach et al., 2002; Risk and
Petersen, 2002). This variability stems from the multitude of sources of
information and differing standards (or the lack thereof) for developing
content (Silberg et al., 1997; Berland et al., 2001; Eysenbach et al., 2002).

Most drug information on the Internet is not peer reviewed, but is
developed from lay or commercial sources. Those sources may include
other Internet sites that attempt to provide medical information for all
needs (e.g., http://www.drkoop.com, webmd.com), that target specific
health and medication information needs (e.g., American Cancer Society
[http://www. cancer.org], http://www.hopkins-aids.edu), or that are main-
tained by health care providers and pharmaceutical companies (Gawande
and Bates, 2000). Much drug information from nonpeer-reviewed sources
tends to be poor and on occasion can even be harmful (Doupi and van der
Lei, 1999; Boyer et al., 2001; Crocco et al., 2002). Many Internet phar-
macies that sell prescription drugs, OTCs, dietary supplements, and
complementary and alternative medications are particularly known for
presenting inadequate, inaccurate, misleading, or fraudulent information
(Eysenbach et al., 2002; Bessell et al., 2003; Molassiotis, 2004; Oakley,
2005). Yet in many cases, these sources are the first retrieved from Internet
search engines (Peterson et al., 2003). The commercial website of a drug’s
pharmaceutical manufacturer, which highlights the drug’s benefits and
downplays its risks, tends to be one of the first retrieved as well. Because
most consumers do not go beyond the first page of search results, they are
not easily or automatically accessing the highest-quality or most objective
drug information from the most respected sources, such as the National
Library of Medicine (NLM). They may not know exactly where to find
the best information or how to evaluate the quality of information from
various sites. Moreover, the most respected sources of drug information—
the NLM, the FDA, other government sources, peer-reviewed journals,
health care provider organizations, consumer organizations, and pharma-
ceutical companies—are available online in multiple formats, at various
levels of detail, and often with data that conflict with each other, further
confusing consumers (Eysenbach et al., 2002).

Government agencies are collaborating to develop reliable, high-quality,
consumer-friendly health and medication information available to the gen-
eral public online through the NLM. In particular, NLM’s MedlinePlus
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program provides information online in English that is easy to read, with
interactive tutorials and voice recordings to facilitate learning (Personal
communication, E. Humphreys, 2003). The tutorials, available for more
than 150 health topics, are a popular feature in part because they are
suitable for those with low levels of literacy. In addition to providing
standardized health information, the NLM has a leadership role in the
development of standardized electronic drug information for providers
through the DailyMed program. The DailyMed database, as its name sug-
gests, is intended to provide updates of medication information to the
public on a daily basis (Brown et al., 2003). The NLM’s MedlinePlus
program does provide consumer-oriented drug information developed
by several sources. However, greater standardization is needed. On
MedlinePlus, consumers should have access to the electronic versions of
standardized pharmacy leaflets and consumer-oriented versions of product
package inserts (or patient information sheets). The FDA has been work-
ing with pharmaceutical companies to standardize the latter inserts (see
Chapter 6), but more work is needed on current versions to employ more
consumer-friendly nomenclature.

An important aspect of raising public awareness of quality information
available at the NLM website is ensuring that this information is placed as
the first to be retrieved when consumers search the Internet for health and
medication information. Such placement of the NLM’s resources and peer-
reviewed literature is critical to improving consumer education and access
to information resources. The NLM, search engine developers, and Internet
service providers should collaborate to develop mechanisms that support
the NLM’s placement as a top resource for Internet health information.

The committee believes continued leadership by the NLM and the FDA
is necessary to make health and medication information widely available to
the public in standardized form and everyday language. The NLM should
receive funding for several specific tasks aimed at advancing the online
availability of quality health and medication information (see Box 4-8).

Telephone Helpline

Telephone intervention and helpline support programs in several coun-
tries have proven to be a successful resource for consumers seeking medical
advice and information. Consumers can receive advice around the clock
about general self-care and self-management of symptoms related to their
health condition, medication, or drug side effects, as well as information
about their health and prescription drug benefits. Helplines are an impor-
tant supplement to provider services, giving consumers immediate access to
effective care when they are unsure how best to care for themselves or for
another as a designated surrogate. Such interventions have resulted in im-
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proved health outcomes, decreased provider and emergency room visits,
and ultimately reduced health care expenditures (Reigel et al., 2002;
Bosworth et al., 2005; Caithain et al., 2005). Self-confidence and self-
efficacy in handling one’s own health problems are also noted benefits of
telephone interventions (Brooks et al., 2004).

Currently, most telephone helplines are available through health care
providers and target certain health conditions, such as cancer (Jefford et al.,
2005), chronic heart failure (Reigel et al., 2002), rheumatoid arthritis
(Hughes et al., 2002), hypertension (Bosworth et al., 2005), and mental
health problems (De Leo et al., 2002). Some address the needs of specific
patient populations (e.g., pediatric patients) and are manned by physicians
who share resources (Poole et al., 1993). For providers, the Physicians’
Desk Reference (PDR, 2005) provides lists of toll-free numbers for pharma-
ceutical companies staffed by nurses and pharmacists well qualified to
provide drug information.

In Western Australia, nurses provide health information associated with
general practice by telephone statewide (Turner et al., 2002); similar ser-
vices are offered nationally in Canada (Robb, 1996), Denmark (Christensen
and Olesen, 1998), and the United Kingdom (Caithain et al., 2005). The
National Health Service (NHS) in the United Kingdom has by far the most

BOX 4-8
Tasks the National Library of Medicine Should Undertake to

Develop Quality Internet Resources for Drug Information

• Expand the language offerings of MedlinePlus health information and inter-
active tutorials to accommodate those who do not possess proficiency in English.

• Develop interactive tutorials for medication information (i.e., pharmacy leaf-
lets). Such tutorials should be available to consumers in a number of different
languages.

• Develop and maintain a standardized glossary of medication-related terms
to help consumers understand the differences between particular medical con-
cepts or terms. A link to the glossary should be available on each MedlinePlus
medication information webpage.

• Maintain a patient safety library for consumers, containing general informa-
tion on medication safety practices and where to report problems.

• Work with other government agencies or private groups to develop criteria for
evaluating the quality of health information for consumers on the Internet. A “seal of
approval” or a “trusted site” designation (similar to the “Good Housekeeping seal of
approval”) should be developed that is easily recognizable to consumers.

• Work with Internet service providers and search engine developers to es-
tablish mechanisms for making the NLM-based health and medication information
and top-quality peer-reviewed literature first results of consumers’ online informa-
tion searches.
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well-developed telephone intervention and helpline support system in the
world—NHS Direct (Caithain et al., 2005). Individuals can call the service
and receive advice for a per minute fee; the average call costs £18.00 or
roughly US$31.00. In all cases, nurses are the primary health professionals
providing telephone intervention and helpline support (Greatbatch et al.,
2005). Strict protocols and standards for evaluating consumers’ health
needs, along with clinical decision-support software, guide the helpline
consultations.

In the United States, consumers receive telephone assistance with ques-
tions about their prescription medications by directly contacting their health
care provider, local pharmacist, or prescription benefit manager or going to
the emergency room. This approach may not be able to meet the growing
health demands and information needs and the changing demographics of
the U.S. population. Use of all medications has increased tremendously in
recent decades, now representing 11 percent of overall health care expendi-
tures (NCHS, 2005). Of these expenditures, ADEs are the largest safety-
related cost to the health system. Many of these events are the result of
misunderstanding proper use of a drug. There are also enormous gaps in
timely access to advice and information about medications, particularly for
the 43 million Americans who are uninsured (IOM, 2004b) and those with
literacy and language difficulties (IOM, 2004a).

Consumers need quick, easy access to drug information, advice about
minor problems, and information on what to do about side effects and
adverse reactions for the range of products on the market. The committee
believes establishing a national drug information telephone helpline (a
“drugline”) could serve this purpose. The drugline would give consumers a
third option for obtaining information about proper medication use, com-
plementing paper and online sources they may not be able to access, read,
or understand. In particular, establishing the drugline would accelerate the
availability of medication assistance to consumers with health literacy, lan-
guage, and other barriers. However, it will take significant time and fund-
ing to expand existing online resources. Building a national drugline similar
to that in the United Kingdom would be expensive. In fiscal year 2002–
2003, the cost of the NHS Direct program was £124 million (US$216.6
million). Thus, leveraging the existing health care and public health infra-
structure may be the best option for developing the drugline and trimming
the overall costs for doing so.

One possibility may be the expansion of poison control centers to
include drug safety counseling. Several centers have collaborated with
nearby universities and already initiated expansion in this capacity. For
example, the Arizona Poison and Drug Information Center operates as part
of the University of Arizona, Health Sciences Center, College of Pharmacy,
providing accessible poison- and medication-related emergency treatment
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advice; referral assistance; and comprehensive information on poisons and
toxins, poison prevention, and the safe and proper use of medications
(APDIC, 2005). As another example, along with counseling on poison-
related events, the Rocky Mountain Poison and Drug Center provides health
and safety information on the safe and effective use of medications, adverse
reactions, drug interactions, and drug use during pregnancy and lactation
(RMPDC, 2006). Pharmaceutical companies contract with the center to
provide their customers 24-hour access to medical information, to collect
information on adverse drug events, and to meet other regulatory require-
ments. The Denver Health Nurse Line also is part of the Rocky Mountain
Poison and Drug Center, providing 24-hour access to medical triage for
health concerns. Potentially, a combination of existing funds from local,
state, and private sources could be used, together with additional alloca-
tions from private and federal sources, to finance such expansion of poison
control centers nationwide.

A drawback to this approach may be the question of whether most
poison control centers are adequately funded and structured to handle drug
information and counseling services. Currently most are not, but they can
be. The 2004 IOM report Forging a Poison Prevention and Control System
highlighted many of the issues involved, citing financial instability, lack of
network or systems infrastructure (each operates independently), lack
of effective links to the nation’s public health system, and data collection
that operates through a proprietary system (IOM, 2004e). The report made
several recommendations for improvement, many of which have yet to be
implemented. Policy makers should revisit the recommendations of this
report in evaluating possibilities for development of the proposed drugline.

The federal government should undertake a full evaluation of various
methods for building a national network of drug information helplines and
develop strategies for their ongoing funding and financing. Knowledge
gained from the successful telephone intervention and helpline support
programs mentioned above can be incorporated into the strategy for devel-
oping these centers, along with other guidance outlined in Box 4-9. The
druglines should include a mechanism for consumers to report ADEs and
medication errors.

Personal Health Records

Emerging information and communications technologies have great po-
tential to improve consumers’ self-management of their health and health
conditions (Markle Foundation, 2005). Over the last 5 years, several initia-
tives have been launched to develop and market computerized personal health
records (PHRs) as a viable technology to support self-management. In gen-
eral, PHRs were intended to function as an extension of electronic health
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records (EHRs) that would allow individuals to access certain portions of
their health record (e.g., medication record, laboratory test results) through a
secure portal. Individuals would also be able to enter information in
the PHR/EHR system, such as that related to diet, exercise, adherence to
treatment/medication plans, and OTC medications. However, slow adoption
of EHRs by providers overall and some concerns about the privacy and
security of health information on the part of consumers have resulted in
several different types of web-based and stand-alone systems (Waegemann,
2002): (1) offline PHRs are composed of health-related documents carried in
paper-based files or booklets, or electronically on a CD-ROM or smart card;
(2) commercial PHRs store a consumer’s health information on a secure
webpage; (3) functional/purpose-based PHRs are web-based records acces-
sible for a specific service, such as emergency care; (4) provider-based PHRs
are those for which the provider or health plan makes portions of personal
health information available through the provider’s website/portal; and (5)
partial PHRs allow an individual to keep an electronic file of health informa-
tion and literature about diseases and conditions downloaded from the web,
and also can be used by the web provider for marketing purposes.

Most PHRs function simply as a file of data; only a few have capabili-
ties to support self-management. Yet even a holding file plus some modest
upgrades can be useful to facilitate medication self-management. Specifi-
cally, the following functionality should be required for PHRs: information
about safe medication use; printable medication record sheets with areas
for listing drug allergies; patient safety reporting forms; and links to online

BOX 4-9
Guidelines for a National Drugline

The drugline should:

• Provide telephone access to medication information consistent with the
standards for information available through the NLM’s MedlinePlus.

• Provide medication information in multiple languages, accessible through
touch- or voice-activated menus.

• Have qualified health care professionals (pharmacists, nurses) available to
discuss medications with consumers as requested.

• Provide consumers with information about when, where, and how to report
problems with their medications, through either the drugline or another system,
such as MedWatch.

• Be accessible to consumers around the clock, 365 days a year.
• Include options for obtaining general information about medication safety

and specific medications.
• Provide the opportunity to report an ADE or medication error.

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

AGENDA TO SUPPORT THE CONSUMER–PROVIDER PARTNERSHIP 205

drug libraries, drug interaction checkers, and medication adherence tools.
The Markle Foundation Connecting for Health Initiative identified compo-
nents of a minimum dataset for PHRs: (1) personal and emergency contact
information, (2) physician and insurance information, (3) health condition
information, (4) medications, (5) allergies, (6) immunization history, (7)
certain test results, (8) surgical history, (9) health risks, (10) lifestyle infor-
mation, and (11) advance directives (Markle Foundation, 2003).

Innovative tools designed for specific patient populations (e.g., seniors)
to support medication adherence and self-monitoring of medication effects
could prove highly useful to increase compliance. Eventually, PHRs and
more comprehensive disease management programs can be integrated; at
this time, however, they remain independent.

Information Dissemination

Important information and resources must be readily accessible to con-
sumers to increase their awareness, knowledge, and active involvement
with regard to medication safety on a national scale. Consumers should be
able to obtain information not only from their providers, but also through
community-based resources, consumer organizations, and public health net-
works. The information available should include general medication safety
practices or tips, as well as guidelines for specific medications and polyphar-
macy regimens, medication self-management strategies, and methods for re-
porting ADEs and medication errors. Also, information should be available in
both paper and electronic format, with variations to accommodate the
consumer’s individual needs and preferences. The lack of an overall strategy
and resources for dissemination of information on medication use and safety
has resulted in limited consumer knowledge and activation. Thus, the broad
array of organizations already interacting with the medication-use system
should develop strategic plans and leverage their resources to disseminate such
information more broadly to consumers. Some examples of organizations that
have developed consumer-friendly brochures or leaflets on general safe medica-
tion practices that providers can distribute to patients or consumers can print
from the Internet are highlighted in Box 4-10.

Along with brochures, other means of disseminating information should
be used, such as the development of health information resource centers.
For example, retail pharmacies could set up medication kiosks for consum-
ers13 who would like to look up or print out additional information about

13This idea was proposed in the early 1990s and considered by retail pharmacies
(Goldschmidt and Goodrich, 2004; Schuerenberg, 2005). The Baylor Sammons Breast Imag-
ing Center in Dallas has set up several kiosks as part of a pilot project to facilitate patient
registration and information retrieval (Fusco and Whiteside, 2005). A few small-scale studies
could be undertaken to evaluate the best use of resources for such purposes and areas of
greatest impact on consumers.
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BOX 4-10
Examples of Consumer Medication Safety Materials

The National Council on Patient Information and Education (NCPIE) has devel-
oped several brochures describing what consumers can do to improve medication
safety and prevent errors. Examples are Be MedWise: Use Over-the-Counter
Medicines Wisely (http://www.bemedwise.org/brochure/bemedwise_english_
brochure.pdf) and Prescription Pain Medicines: What You Need to Know (http://
www.talkaboutrx.org/assocdocs/ TASK/18/pain_bro.pdf).

The Massachusetts Coalition for the Prevention of Medical Errors has pub-
lished a guide for patients and families titled Your Role in Safe Medication Use
(http://www.mhalink.org/public/prodserv/Docs/consumerguide.pdf).

The FDA collaborated with the Council on Family Health to produce such bro-
chures as Be an Active Member of Your Health Care Team (http://www.fda.gov/
cder/consumerinfo/Active12panel.pdf) and Medicines and You: A Guide for Older
Adults (http://www.fda.gov/cder/consumerinfo/MedandYouEng.pdf).

The American Pharmacists Association has developed a brochure on Avoiding
Medication Errors (http://www.pharmacyandyou.org/aboutmedicine/med.html).

The Institute for Safe Medication Practices has produced a pamphlet titled Be
an Informed Consumer (http://www.ismp.org/Consumer/Brochure.html).

The above materials are a good start for information on safe medication use,
but their dissemination is not as widespread as is needed. Moreover, the materials
need to specify where to find additional information about health and medications,
such as the NLM’s MedlinePlus website (http://medlineplus.gov), and how to re-
port problems or ADEs through the FDA’s MedWatch Program (http://
www.fda.gov/medwatch).

their medications. Public libraries could establish health resource areas
for consumers interested in obtaining health and medication information
or leaflets. School health programs and libraries could distribute child- or
adolescent-oriented materials on safe medication use and what to do should
a problem occur. Waiting areas in ambulatory care offices could serve as
venues for patient education through videotapes, computers, and/or paper-
based information on health conditions and on good medication self-
management practices. The waiting area could display lively posters ex-
plaining the patient’s rights and responsibilities with regard to medication
safety (e.g., why it is important for the doctor to know if the patient is
taking herbal or other dietary supplements).

Communication networks already in place, such as those associated
with the public health infrastructure, should be utilized for medication
safety initiatives. The Centers for Disease Control and Prevention recently
completed the consolidation of its dissemination activities into one cen-
ter—the National Center for Health Marketing (NCHM). The goal of
NCHM is to help people actively use accessible, accurate, relevant, and
timely health information and interventions to protect and promote their
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health and that of their families and communities (CDC, 2005). The center
has a number of divisions that could be employed for dissemination of
medication safety information, including the divisions of Public and Pri-
vate Partnerships, Consumer Services, and State and Local Public Health
Systems. Other federal communication networks affiliated with the FDA,
the NLM, and CMS could provide additional resources to broaden dis-
semination activities. Consumer organizations (e.g., Consumers Union,
American Association of Retired Persons) could also serve as valuable
resources. As membership-based organizations, they have extensive net-
works reaching out to millions of Americans and offering significant op-
portunities to expand communications about medication safety. Their
members have access to information through online and paper publica-
tions that often include health and medication information. These organi-
zations also provide telephone information helplines to assist their mem-
bers in understanding important information, such as that on drug benefit
plans. Actions the committee believes should be taken to better dissemi-
nate information and resources on medication safety are summarized in
Box 4-11.
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5

Action Agenda for
Health Care Organizations

CHAPTER SUMMARY

Health care providers need to develop safer medication-use
systems. This chapter presents the committee’s recommendation
for systemic changes in three settings—inpatient, nursing home,
and outpatient—and in care transitions. Recognizing that systemic
change takes time, the committee proposes ways in which indi-
vidual physicians, pharmacists, and nurses can improve medication
safety in the short term. In addition, health care providers must
acknowledge that the work of making medication use safer is never
finished. Thus the chapter provides guidance on ways to monitor
for medication errors.

This chapter presents the committee’s recommendation for systemic
changes aimed at improving the safety of medication use. These recommen-
dations are directed at providers in three settings—inpatient, nursing home,
and outpatient—as well as in care transitions, which can be especially prob-
lematic with respect to the risk of medication errors. In formulating its rec-
ommendations, the committee bore in mind the diversity of each of these
settings; for example, the outpatient setting encompasses ambulatory care,
home care, community pharmacies, care in schools, and assisted living. Over-
all, the committee believes patients should be involved in their medication-
related care in all settings, with the extent of their autonomy being deter-
mined by their preferences and capacity.

The committee’s recommendation is intended to apply to all of the
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above settings, although the way it is implemented will vary by setting, as
will the medication-use systems and the errors and adverse drug events
(ADEs) that may occur. In the inpatient setting, for example, major safety
issues include medication selection and administration (Bates et al., 1995a).
By contrast, in nursing homes and the outpatient setting, monitoring is
especially important (Gandhi et al., 2003; Gurwitz et al., 2000, 2003). In
all settings, access to patient-specific and reference information is central to
delivering safe medication-related care.

Actions identified by the committee that can be taken to improve medi-
cation safety by individual prescribers are summarized in Box 5-1, by indi-
vidual pharmacists in Box 5-2, and by individual nurses in Box 5-3. The
committee’s recommendation for systemic changes across health care set-
tings is then presented. The remainder of the chapter provides a detailed
discussion of the specifics of this recommendation.

Many of the actions for providers listed in Boxes 5-1 to 5-3 are recom-
mended by the Joint Commission on Accreditation of Healthcare Organiza-
tions (JCAHO) and the National Quality Forum (NQF). Since 2003,
JCAHO has set annual National Patient Safety Goals (JCAHO, 2005) and
included a survey of compliance with the requirements as part of the ac-
creditation process. Many of the National Patient Safety Goals relate to
medications (see Box 5-4). The Agency for Healthcare Research and Qual-
ity (AHRQ) requested that the NQF use an expert consensus process to
define a list of best safety practices. The resulting NQF report, Safe Prac-
tices for Better Healthcare, listed 30 practices that should be universally
adopted in applicable care settings, 13 of which involve the use of medica-
tions (see Box 5-5), and another 27 practices (15 of which are medication-
related) that should receive high priority for additional research (NQF,
2003).

A number of additional key points should be emphasized. First, having
a safety culture is pivotal to improving medication safety. To institute a
safety culture, senior management must devote adequate attention to safety
and provide sufficient resources to quality improvement and safety teams.
Senior management must also authorize resources to invest in technologies
that have been demonstrated to be effective but are not yet widely imple-
mented in most organizations, such as computerized provider order entry
(CPOE) and electronic health records. It has become increasingly clear that
the introduction of any of these technologies requires close attention to
business processes and ongoing maintenance. A number of studies have
shown that these tools can have unintended and adverse consequences, and
that avoiding such consequences requires addressing business and cultural
issues.

Improvements in the safe use of medications need to be implemented
within the context of an overall quality improvement program, specifically
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BOX 5-1
Improving Medication Safety: Actions for Prescribers

• Reconcile medications at transition points, e.g., admission, discharge,
transfer. (All)

• Make routine the reconciliation of medication changes with the pharmacy
record. (NH/AL, Out)

• Avoid verbal orders except in urgent situations and emergencies. (In)
• Be aware of other medications the patient is taking when prescribing.

(NH/AL)
• Keep an accurate medication list (including over-the-counter and comple-

mentary and alternative medications). (Out)
• Ask patients to bring their medications in periodically. (Out)
• Ask about allergies when prescribing a new medication. (Out)
• Inform the patient of indications for all medications. (Out)
• Ask regularly whether patients are taking their medications, including as-

needed drugs, as nonadherence may signal issues other than knowledge deficits,
practical barriers, or attitudinal factors. (Out)

• Ask the primary pharmacy about the patient’s refill history. (Out)
• Consider that new complaints may represent side effects of medications.

(NH/AL)
• Explain common or significant side effects when prescribing. (Out)
• Ask regularly about side effects or adverse drug events (ADEs). (All)
• Prescribe electronically when possible. (All)
• Use readback with verbal orders when feasible. (All)
• Avoid abbreviations. (All)
• Include patient age and weight when applicable. (All)
• Work as a team with pharmacists and nurses. (In)
• Work as a team with consultant pharmacists and nurses. (NH/AL)
• Work as team with the primary pharmacist and nurses. (Out)
• Adhere to Class I clinical indications and guidelines. (All)
• Use special caution with high-risk medications (All), especially warfarin.

(NH/AL)
• Exercise particular caution in high-risk situations—when stressed, sleep-

deprived, angry, or supervising inexperienced personnel. (All)
• Consult electronic or other reference sources for questions. (All)
• Report errors and ADEs. (All)
• Include medications when transferring patients between providers. (In)
• Standardize and improve transfers between covering physicians and other

providers. (NH/AL)
• Standardize communication about prescriptions within the practice; stan-

dardize and improve handoffs to the primary pharmacist. (Out)
• Actively monitor the patient for response to medication therapy, and use

validated instruments when possible. (Out)
• Minimize the use of free samples; when dispensing free samples, apply

standards similar to those a pharmacy would use. (Out)

NOTE: All = all prescribers; In = inpatient prescriber; NH/AL = nursing home/assisted living
prescriber; Out = outpatient prescriber.
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BOX 5-2
Improving Medication Safety:

Actions for Individual Pharmacists

• Monitor the medication safety literature and other resources regularly for
information related to medication errors, and take action to ensure that similar
errors will be avoided in the local practice setting. (Amb and Hosp)

• Develop, implement, and follow a medication error avoidance plan. (Amb)
• As part of this plan, establish a routine procedure for double-checking filled

prescriptions waiting to be picked up and verifying the accurate entry of data on
new prescriptions into computer systems. (Amb)

• Monitor error frequencies, and correct system problems associated with
errors. (Amb and Hosp)

• Use the show-and-tell counseling method to detect and correct dispensing
errors; this should include verification of patient identity. (Amb)

• Educate consumers regarding error prevention techniques and resources
(e.g., websites such as http://www.ismp.org, http://www.safemedication.com, and
http://www.ahrq. gov). (Amb)

• Pharmacy managers designate a medication safety officer with responsibil-
ity for improving the safety of prescription filling processes. (Amb)

• Advocate for a medication safety officer with responsibility for improving
medication safety throughout the hospital. (Hosp)

• Create a safe work environment by optimizing lighting levels, using a mag-
nifying lens or resizable scanned prescription for viewing prescription slips, mini-
mizing distractions, and arranging drug storage areas to call attention to drugs
with a high potential for errors leading to patient harm. (Amb)

• Create a safe work environment by optimizing lighting levels and minimiz-
ing distractions and interruptions. (Hosp)

• Advocate for a statewide medication safety coalition, to include the state
board of pharmacy, pharmacy organizations, practitioners, and consumers. (Amb
and Hosp)

• Report errors and near misses to both internal and external medication
error reporting programs or systems to help others learn how to avoid similar prob-
lems. (Amb and Hosp)

• Request resources needed to promote accurate prescription dispensing
(clinical decision support, bar code verification technology, time for counseling
patients). (Amb)

• Be assertive in requesting resources needed to promote accurate medica-
tion processing and dispensing (clinical decision support, bar code verification
technology). (Hosp)

• Actively pursue a tiered system of clinical alerts that can facilitate better
response to serious medication safety issues (e.g., suppress trivial warnings and
retain those with a high probability of patient risk). (Amb and Hosp)

• Evaluate and continuously monitor new technologies (e.g., automated pre-
scription filling machines) regarding the risk of introducing medication errors.
(Amb)

• Evaluate and continuously monitor new technologies (e.g., infusion pumps,
automated medication dispensing machines) regarding the risk of introducing
medication errors. (Hosp)
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• Regularly make targeted follow-up calls to patients (e.g., those with asth-
ma, chronic pain, hypertension) to assess how they are faring with new medica-
tions, learn about any side effects or potential ADEs, and ensure that medications
are being taken properly. (Amb)

• Work with nurses to make regular targeted follow-up calls to discharged
patients (e.g., those with asthma, chronic pain, hypertension) or use mailed ques-
tionnaires to assess how these patients are faring with prescribed medications,
learn about any side effects or potential ADEs, ensure that medications are being
taken properly, and answer any questions patients may have.

NOTE: Amb = ambulatory care pharmacist; Hosp = hospital pharmacist.

BOX 5-3
Improving Medication Safety: Actions for Nurses

• Establish safe work environments for medication preparation, administra-
tion, and documentation; for instance, reduce distractions and provide appropriate
lighting.

• Maintain a culture of rigorous commitment to principles of safety in medica-
tion administration (for instance, the five rights of medication safety and cross-
checks with colleagues, where appropriate).

• Remove barriers to and facilitate the involvement of patient surrogates in
checking the administration and monitoring the effects of medications wherever
and whenever they are administered.

• Foster a commitment to patients’ rights as coproducers of their care.
• Develop aids for patient (or surrogate) self-management support.
• Enhance communication skills and team training so as to be prepared and

confident in questioning medication orders and evaluating patient responses to drugs.
• Actively advocate for the development, testing, and safe implementation of

electronic health records.
• Work to improve systems that address the most common near misses in

the work environment.
• Actively participate in or lead evaluations of the efficacy of new safety sys-

tems and technology.
• Contribute to the development and implementation of error reporting sys-

tems, and support a culture that values accurate reporting of medication errors.

BOX 5-4
National Patient Safety Goals of the Joint

Commission on Accreditation of Healthcare
Organizations Relating to Medication Use

Goal 1: Improve the accuracy of patient identification

1A. Use at least two patient identifiers (neither to be the patient’s room num-
ber) whenever administering medications or blood products, taking blood samples

continued
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and other specimens for clinical testing, or providing any other treatments or
procedures.

1B. Prior to the start of any invasive procedure, conduct a final verification
process to confirm the correct patient, procedure, site, and availability of appropri-
ate documents. This verification process uses active—not passive—communica-
tion techniques.

Goal 2: Improve the effectiveness of communication among caregivers

2A. For verbal or telephone orders or for telephonic reporting of critical test
results, verify the complete order or test result by having the person receiving the
order or test result “read-back” the complete order or test result.

2B. Standardize a list of abbreviations, acronyms, and symbols that are not to
be used throughout the organization.

2C. Measure, assess and, if appropriate, take action to improve the timeliness
of reporting, and the timeliness of receipt by the responsible licensed caregiver, of
critical test results and values.

2E. Implement a standardized approach to “hand off” communications, includ-
ing an opportunity to ask and respond to questions.

Goal 3: Improve the safety of using medications

3B. Standardize and limit the number of drug concentrations available in the
organization.

3C. Identify and, at a minimum, annually review a list of look-alike/sound-alike
drugs used in the organization, and take action to prevent errors involving the
interchange of these drugs.

3D. Label all medications, medication containers (e.g., syringes, medicine
cups, basins), or other solutions on and off the sterile field in perioperative and
other procedural settings.

Goal 8: Accurately and completely reconcile medications across the continuum of
care

8A. Implement a process for obtaining and documenting a complete list of the
patient’s current medications upon the patient’s admission to the organization and
with the involvement of the patient. This process includes a comparison of the
medications the organization provides to those on the list.

8B. A complete list of the patient’s medications is communicated to the next
provider of service when it refers or transfers a patient to another setting, service,
practitioner or level of care within or outside the organization.

Goal 13: Encourage the active involvement of patients and their families in the
patient’s care as a patient safety strategy

Define and communicate the means for patients to report concerns about safety
and encourage them to do so.

SOURCE: JCAHO, 2005.
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within the clinical unit—a small group of clinicians and staff working
together with a shared clinical purpose to provide care for a defined set of
patients (Mohr and Batalden, 2002). Research on highly effective clinical
units has indicated that they share a number of characteristics (Mohr and
Batalden, 2002). Such units (1) integrate information within the care deliv-

BOX 5-5
The National Quality Forum’s Safe

Practices for Better Health Care

Among the 30 safe practices identified by the NQF consensus report, the fol-
lowing 13 relate to medication use:

1. Create a health care culture of safety.
3. Specify an explicit protocol to be used to ensure an adequate level of nurs-

ing based on the institution’s usual patient mix and the experience and training of
its nursing staff.

5. Pharmacists should actively participate in the medication-use process, in-
cluding at a minimum, being available for consultation with prescribers on medica-
tion ordering, interpretation and review of medication orders, preparation of medica-
tions, dispensing of medications, and administration and monitoring of medications.

6. Verbal orders should be recorded whenever possible and read back to the
prescriber—i.e., a health care provider receiving a verbal order should read or
repeat back the information that the prescriber conveys in order to verify the accu-
racy of what was heard.

7. Use only standardized abbreviations and dose designations.
8. Patient care summaries or other similar records should not be prepared

from memory.
9. Ensure that care information, especially changes in orders and new diag-

nostic information, is transmitted in a timely and clearly understandable form to all
of the patient’s current health care providers who need that information to provide
care.

12. Implement a computerized prescriber order entry system.
25. Decontaminate hands with either a hygienic hand rub or by washing with

disinfectant soap prior to and after direct contact with the patient or objects imme-
diately around the patient.

27. Keep workspaces where medications are prepared clean, orderly, well lit,
and free of clutter, distraction, and noise.

28. Standardize the methods for labeling, packaging, and storing medications.
29. Identify all “high alert” drugs (e.g., intravenous adrenergic agonists and

antagonists, chemotherapy agents, anticoagulants and antithrombotics, concen-
trated parenteral electrolytes, general anesthetics, neuromuscular blockers, insu-
lin and oral hypoglycemics, narcotics and opiates.

30. Dispense medications in unit-dose or, when appropriate, unit-of-use form,
whenever possible.

SOURCE: NQF, 2003.
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ery process (often with technology playing a key role); (2) monitor pro-
cesses and outcomes routinely to assess the quality of care delivered; (3)
provide care through multidisciplinary teams sharing information among
providers and patients; (4) make resources available for quality improve-
ment, including staff training; and (5) work within a larger management
environment that is supportive of quality improvement. The application of
these ideas at LDS Hospital, Salt Lake City, Utah, led to reduced ADE rates
and postoperative deep wound and organ space infection rates (IOM, 2004).
Similarly, application of these principles in intensive care units (ICUs) has
led to reductions in medication errors in patient transfer orders using medi-
cation reconciliation (Pronovost et al., 2003a) and to reduced ICU lengths
of stay using a one-page daily goals form to improve the effectiveness of
communication among the care team (Pronovost et al., 2003b).

The committee also believes that all organizations in all settings need to
monitor rates of medication errors and ADEs more effectively. Most orga-
nizations have focused solely on spontaneous reporting, which is necessary
but not sufficient. While spontaneous reporting has and will continue to
produce highly valuable information, especially at the regional and national
levels, internal improvement at the organizational level requires ongoing
measurement of meaningful rates. Observation is valuable for assessing
administration. In addition, it will increasingly be possible to detect errors
and ADEs through computerized monitoring, and such monitoring pro-
duces much more reliable information about rates of errors and ADEs in
the patient population than does spontaneous reporting.

Recommendation 3: All health care organizations should immedi-
ately make complete patient-information and decision-support
tools available to clinicians and patients. Health care systems should
capture information on medication safety and use this information
to improve the safety of their care delivery systems. Health care
organizations should implement the appropriate systems to enable
providers to:

• Have access to comprehensive reference information concern-
ing medications and related health data.

• Communicate patient-specific medication-related information
in an interoperable format.

• Assess the safety of medication use through active monitoring
and use these monitoring data to inform the implementation of
prevention strategies.

• Write prescriptions electronically by 2010. Also by 2010, all
pharmacies should be able to receive prescriptions electronically.
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By 2008, all prescribers should have plans in place to implement
electronic prescribing.

• Subject prescriptions to evidence-based, current clinical deci-
sion support.

• Have the appropriate competencies for each step of the
medication-use process.

• Make effective use of well-designed technologies, which will
vary by setting.

ACCESS TO POINT-OF-CARE REFERENCE INFORMATION

Providers should have access to comprehensive reference infor-
mation concerning medications and related health data.

A number of studies have examined the information needs of practicing
clinicians (Covell et al., 1985; Gorman, 1995; Gorman and Helfand, 1995;
Ely et al., 1999, 2005; Shablinsky et al., 1999). These studies have found
that patient care generates a large number of clinical questions, regardless
of the provider’s specialty. Covell and colleagues (1985) found that internal
medicine physicians, both generalists and primary care, generated approxi-
mately two clinical questions for every three patients seen. Gorman (1995)
found that physicians asked slightly over one question per two patients
(Gorman, 1995), while Barrie and Ward (1997) found they asked just over
one question per five patients. Much less is known about the information
needs of providers other than physicians, but it is reasonable to assume that
nurses, pharmacists, and others have frequent needs for clinical informa-
tion. It should be noted that research indicates nurses prefer to gain knowl-
edge from personal experience and interactions with coworkers and pa-
tients rather than from journal articles, textbooks, or research resources
(Thompson et al., 2001; Estabrooks et al., 2005).

Most investigators have found that the majority of the questions raised
by clinicians during patient care go unanswered1 (Covell et al., 1985;
Gorman, 1995; Ely et al., 1999). Moreover, when clinicians do seek further
information, they spend, on average, only 2 minutes doing so. By contrast,
one study found that trained librarians took an average of more than 10
minutes to find answers to well-formulated clinical questions all focused on
a single illness (Giuse et al., 1994). The clinical impacts of the decision not

1Examples related to medications are: “This patient is already on a maximal dose of the
most potent statin. Which secondary drug—niacin, ezetimibe, or a fibrate—has the greatest
impact on stroke and myocardial infarction?” and “This patient is not doing well on valproic
acid for controlling bipolar symptoms. Would it be better to add an atypical antipsychotic or
switch to another primary medication?”
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to seek further information have not been rigorously evaluated, though it is
reasonable to assume that such impacts do occur.

Remaining current, even in highly focused areas, has become extremely
difficult for clinicians (Giuse et al., 1994). Thirty years ago, it was esti-
mated that there were 1 million facts in the core body of general knowledge
in internal medicine (Pauker et al., 1976). This number has likely increased
significantly since that time. Nonetheless, most clinicians still rely primarily
on memory and clinical experience. Despite the widespread availability of
data through the World Wide Web, little improvement in knowledge man-
agement has been documented over the past decade (Covell et al., 1985;
Gorman, 1995; Ely et al., 2005). Even when clinicians have access to elec-
tronic databases, the process of seeking information from these sources is
typically so time-consuming as to be impractical in many patient care set-
tings (Alper et al., 2001). With the continuing expansion of medical infor-
mation, this situation is unlikely to improve without new approaches to
knowledge management (Smith, 1996).

The decision to initiate a clinical intervention requires the synthesis of a
wide array of data, resulting at a minimum in a probable diagnosis and
logical therapeutic options. Medications are the most common options
offered (Woodwell and Cherry, 2004). The continuing availability of new
pharmacotherapeutic options creates an ongoing need for new knowledge
to ensure safe prescribing. Appropriate and safe pharmacotherapy demands
not only knowledge of the medication itself, but also appropriate decision
making prior to the start of therapy, an understanding of how the medica-
tion may interact with coexisting illnesses and medications, and knowledge
of requirements for monitoring for success and side effects. Dealing with all
these variables requires an extraordinary degree of information synthesis
(Smith, 1996). Not surprisingly, then, practicing clinicians indicate a need
for highly synthesized and abridged information (Grandage et al., 2002).

Access to the Clinical Knowledge Base

Given that the knowledge base and decision processes are often unique
to a particular care setting, clinicians require knowledge gathered from
studies conducted in appropriate settings with appropriate patient popula-
tions and in a particular stage of the care process (Oxman et al., 1993). The
concept of just-in-time information, a given in many businesses, has devel-
oped in medicine over the past decade in response to this challenge (Ebell,
1999; Ely, 2001). Practicing clinicians also require information that has
been critically analyzed, typically combining the results of a number of
studies and presented in clinically relevant form (Smith, 1996; Grandage et
al., 2002). The past two decades have seen a shift from teaching individual
clinicians how to evaluate the medical literature (Oxman et al., 1993) to
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answering clinical questions through larger, organized approaches, best
exemplified by the Cochrane Collaboration (The Cochrane Library, 2004),
national task forces on prevention (CTFPHC, 2005; DHHS, 2005), and the
Family Physicians Inquiries Network (FPIN, 2005), as well as numerous
commercial endeavors. Most of these approaches are focused on interpreta-
tion and analysis of the medical literature; far fewer focus as well on the
ability to search for and deliver the knowledge in a rapid and reproducible
fashion. Yet both of these aspects of the process are critical if improved care
and safety are to be realized.

There are two methods of delivering information to practicing clini-
cians—the passive lookup of information and the proactive interactive
search for information. The Cochrane Collaborative is an example of a
passive lookup information source. The collaborative has established a
quality standard for creating critically reviewed clinical answers. The re-
views are available through several channels, including the Internet, local
intranets, and programs available on handheld devices (CC, 2005). A num-
ber of organizations are now designing ways to produce answers for busy
clinicians (Epocrates, 2005; FPIN, 2005; JFP, 2005), including databases
with tags for rapid searches and multiple delivery methods. Applications of
this type are typically available in both web versions and versions that can
be run on personal digital assistants (PDAs) (Ebell et al., 2002; Beattie,
2003; Lu et al., 2003; Barrett et al., 2004; Taylor, 2005). The current lack
of Internet access from the bedside or examination room of most care
locations in the United States has helped fuel PDA-based approaches to
clinical information management (Rothschild et al., 2002). The rapid
growth of PDA computing capabilities has spurred major advances in health
information programs (Galt et al., 2005). The ability to update information
daily, offer robust search capabilities, and imbed clinical algorithms in
these programs enhances their utility for clinicians who are facile and regu-
lar users. Nonetheless, the stand-alone nature of these systems renders them
but an intermediate step in the quest for robust knowledge management
systems for health care providers.

Even with the enhanced compilation of clinical information and the
improved databases and search engines of current knowledge management
systems, applications that require the active engagement of a clinician will
not be used as often as they should be. Full clinical decision support re-
quires systems that support hyperlinks from data within an electronic health
record (EHR) to information repositories (Kamel Boulos et al., 2002;
Maviglia et al., 2005). Existing systems provide primarily links to static
data, such as greater information on a laboratory test or drug monograph
information. With improved capabilities for structured data capture, EHRs
could facilitate the review of diagnostic features and testing, as well as
choices among therapeutic options during patient care, through embedded
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hyperlinks and queries based on real-time data (Kamel Boulos et al., 2002).
The basic approach to data collection inherent in most EHRs in use today
may need to be reconsidered if the power of such systems is to be fully
realized. The power of appropriate structured clinical data linked to
data repositories is illustrated by the Transhis project (Hofmans-Okkes and
Lamberts, 1996; Okkes et al., 2001).

Pharmacotherapeutic Decision Support

As the complexity of medical care and medical treatments increases,
appropriate and safe care requires that just-in-time information be rou-
tinely available to guide diagnostic, treatment, and monitoring activities.
Linking of structured data in EHRs to clinical information repositories,
together with continuous monitoring of decisions associated with selected
activities, such as diagnosis, testing, and treatment, offers the best opportu-
nity for rapidly improving the safety of care. Current working examples of
this model are primarily in the pharmacotherapeutic arena, where monitor-
ing of drug–allergy, drug–drug, and drug–disease interactions is common
with computerized physician order entry (CPOE) packages. Unfortunately,
the benefits of active alert systems have been offset in many cases by the
high volume of clinically irrelevant messages, leading to frustration and
alert fatigue among clinicians (Payne et al., 2002; Weingart et al., 2003),
though this does not need to be the case (Shah et al., 2005). The poor
concordance of the output of decision-support tools has also been noted
(Abarca et al., 2004; Fernando et al., 2004). Indeed, low user acceptance of
current active clinical decision-support systems may hinder the acceptance
of EHRs overall, although reminder systems, typically based on patient
gender and age (for prevention and screening activities) or diagnosis (for
chronic disease care) are beginning to demonstrate the ability to improve
care and gain user acceptability (McDonald et al., 1984; Shea et al., 1996;
Burack and Gimotty, 1997; Hayes et al., 1999). Medication monitoring
systems with carefully defined metrics (such as depression scales or bipolar
screens) may become increasingly important as black box warnings become
more common (Personal communication, Wilson Pace, February 8, 2006).

COMMUNICATION OF MEDICATION-RELATED INFORMATION

Providers should communicate patient-specific medication-
related information in an interoperable format.
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Lessons Learned from Hurricane Katrina:
The Importance of Interoperable Medication Data

In 2005, after the devastation of Hurricane Katrina, the country wit-
nessed some of the consequences of the failure to have health care data in an
interoperable format. Until this time, although some experts and high-level
administrators had some appreciation of the potential role of a national
infrastructure for health care information, other key stakeholders, such as
payers, did not fully recognize that potential (Sung et al., 2003). After Katrina
left hundreds of thousands homeless and forced them to relocate, the health
care system was left scrambling to supply these people with lost medications
and medical equipment (GAO, 2005). Fortunately, companies such as Wal-
greens were able to retrieve patients’ medication lists, enabling providers to
serve these individuals. States with immunization registries were able to re-
trieve these data so that children could enroll in new schools. Health care
systems such as the Department of Veterans Affairs (VA) demonstrated the
potential of national EHRs by having available all the information needed to
piece together the pharmaceutical and other needs of their patients. Jonathan
Perlin, undersecretary for health at the VA, perhaps stated the issue best
when he said that after seeing how technology facilitated ongoing health care
for Katrina victims, “you wonder why people use horse and buggy tools in
the information age” (Bower, 2005).

The most significant event in terms of electronic access to Katrina
victims’ medical information was the creation of Katrinahealth.org, an
electronic medical record accessible to authorized doctors or pharmacists
managing Katrina evacuees. The information on the site was compiled and
made accessible within 4 weeks of the disaster by a broad group of private
companies, public agencies, and national organizations, including medical
software companies; pharmacy benefit managers; chain pharmacies; local,
state, and federal agencies; and a national foundation. Katrinahealth.org is
now a utility that can be used in any disaster.

Katrinahealth.org was formed from data that were in a format that
supported their sharing and reuse. Three lessons were reinforced by this
effort. First, it is vital that a medication list be accurate and complete.
Pharmaceuticals, durable medical equipment (such as eyeglass prescriptions
and settings for sleep apnea assistance devices), and important patient data
(including medical conditions) are all potential or standard components of
such a list. In addition, for these data to be maximally useful, they must be
in a structured format including such components as the medication name,
dose, route, frequency, duration, and start date. The messaging standard
National Council for Prescription Drug Programs script (NCPDP, 2005),
which is supported under the Medicare Modernization Act, already speci-
fies this level of detail in its medication segment. Finally, these data must be
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formatted in a way that unambiguously allows systems from different manu-
facturers to understand both their structure and content, so that, for ex-
ample, all versions of a generic medication are identifiable by all systems
required to review them. These last two principles are the essential charac-
teristics of interoperability (James, 2005; Wallace, 2005).

Interoperability allows data to be easily aggregated, stored, retrieved
into a single view, and shared. As emphasized in a recent report of the
Commission for Systemic Interoperability (CoSI, 2005), interoperability
allows national-level aggregation of data, making it possible to assess trends
in emerging diseases or to recognize patterns of symptoms in cases of
bioterrorism. Interoperability also has the potential to allow data access to
be governed by a single set of rules, thereby providing patients with greater
security and confidentiality.

Missing information is the rule rather than the exception in medicine
(Smith et al., 2005). In a recent study of medical errors by Woolf and
colleagues (2004), 80 percent of the errors were initiated by miscommuni-
cation, including a lack of communication between physicians, misinforma-
tion in medical records, mishandling of patient requests and messages,
inaccessible records, mislabeled specimens, misfiled or missing charts, and
inadequate reminder systems.

Almost all health care situations can benefit from interoperable medi-
cation lists. Emergency department clinicians typically see patients without
prior knowledge of their medications, problems, or allergies (Benson and
Westphal, 2005; Kobusingye et al., 2005; Lappa, 2005). Primary care pro-
viders often do not know which medications have been prescribed by other
providers or are actually being taken by the patient. In most health care
settings, the lack of an accurate list of medications, problems, and allergies
places patients at risk for ADEs due to drug–drug interactions or allergies
(Benson et al., 1988; Carpenter and Gorman, 2002; Weingart et al., 2004).
Although pharmacy chains may have a reasonably accurate list of medica-
tions, they rarely have accurate information about risk factors for potential
ADEs, and they have no information about alternative and complementary
medications, food supplements, or dietary habits that may affect drug me-
tabolism and drug interactions (Isetts et al., 2003). This lack of information
provided to pharmacists is especially concerning given their established role
as a safety net in detecting potential errors (Kuyper, 1993).

Those with the greatest stake in detecting potential errors are patients
and their families. Having an understandable list of medications, problems,
and allergies can give patients and their surrogates the information they
need to scrutinize their medications (Sutcliffe et al., 2004; Porter et al.,
2005).

Sharing of medication data offers the potential to mitigate overpre-
scribing and underprescribing (Waldron, 1977; Tafreshi et al., 1999); im-
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prove the follow-up of patients taking medications, such as antidepressants
(Simon et al., 2004, 2005); and address the rising problem of prescription
drug abuse (Brushwood, 2003). In some cases, interoperable data on pa-
tient medications, problems, and allergies is already shared among phar-
macy systems, but these data are accessible to few patients in their homes,
physicians in the ambulatory setting, or emergency departments (Peth, 2003;
Kaboli et al., 2004). These data could also provide important information
for school nurses and chronic care facilities (Stupalski and Russell, 1999;
Farris et al., 2003). The public health sector could benefit from such infor-
mation as well. After Hurricane Katrina, for example, the Centers for
Disease Control and Prevention was limited in its ability to conduct surveil-
lance for illness and injury by such factors as misclassification of illnesses or
injuries on the standardized form by participating facilities and the lack
of aggregate baseline data, both of which would be improved by inter-
operability (CDC, 2005).

Role of Interoperability in the Transfer of Patients Between Sites of Care

The process of transferring patients and their information from one
provider or site to another, also called “handoff,” is fraught with errors due
to poor communication (IOM, 2000; Volpp and Grande, 2003; Solet et al.,
2005). Many of these errors could be mitigated by the provision of an
accurate history of medications, problems, and allergies. For example, hos-
pitals do not routinely seek a medication record from a patient’s primary
pharmacy. As a result, the admissions medication record is anecdotal and
often omits or misrepresents medications that are being taken. Similarly, on
discharge there is no communication back to the primary pharmacist of
medication changes that have been ordered while the patient is in the
hospital. Work conducted in the emergency departments of Indianapolis
demonstrates the improvements that are possible when handoffs are sup-
ported by interoperable information systems (Overhage et al., 1995;
McDonald et al., 2005). The improved safety associated with the provision
of patient-specific medication information has been demonstrated for both
emergency departments (Anglemyer et al., 2004; Croskerry et al., 2004)
and the inpatient setting (Petersen et al., 1998). Indeed, interoperable medi-
cation data can improve the safety of care generally and of medication use
in particular in handoffs involving all care settings.

Both paper and electronic formats can be used to improve patient care
and patient safety (Tufo et al., 1977; Weed, 2004). However, electronic
tools for data capture (order entry) and retrieval offer automated consoli-
dation of data from multiple sources (Overhage et al., 1995; Finnell et al.,
2003), remote access as needed (Torre, 2004), and automated decision
support (Bates et al., 1995b, 1999, 2001; Abookire et al., 2000; Grasso et
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al., 2003; Kaushal et al., 2003; Field et al., 2004). CPOE systems for both
ambulatory and inpatient care support faxing, messaging, and bidirectional
communication of prescription information (eHI, 2004). Each of these tools
improves access to original data and provides these data in a format that is
legible and potentially interoperable.

In sum, the availability of interoperable data is a lynchpin of a safer
health care system, as noted by the Institute of Medicine (IOM) in its report
on patient safety (IOM, 2004). Systems provided with these data are
uniquely able to provide health care providers with feedback on aspects of
their medication prescribing practices about which they might otherwise be
unaware (Meyer, 2000; Galloway et al., 2002). This information can also
be used for continuing medical education (CME) and evaluation as a part
of maintenance of certification, helping providers remain current with the
best practices for safe health care delivery. Research suggests that when
provided with information on how their behavior can be improved in a
timely fashion, health care providers will make these changes (Neilson et
al., 2004). Finally, it must be emphasized that as noted by the Commission
for Systemic Interoperability, “Having an electronic medication record for
every American is a critical step toward achieving true interoperability in
healthcare, giving treating physicians the information they need when they
need it, allowing more effective care for their patients. It will bring all the
medications an individual is currently taking to the doctor’s attention at the
time important decisions about new prescriptions are being made” (CoSI,
2005).

In effect, interoperable medication data can facilitate more efficient
medication reconciliation,2 particularly at admission and discharge, when
discrepancies are an important problem and a frequent cause of ADEs
(Forster et al., 2005). Providing such data electronically is even more im-
portant now that JCAHO has established that by 2006, hospital organiza-
tions must institute a process for comprehensive medication reconciliation
at admission, at transitions to and from internal patient care units, and at
discharge with the “next provider of service.” Interoperable medication
data will be the most feasible approach to accomplishing this goal.

MONITORING AND SAFETY IMPROVEMENT

Providers should assess the safety of medication use through
active monitoring and use these monitoring data to inform the
implementation of prevention strategies.

2Reconciliation involves comparing what a person is taking in one setting with what is
being provided in another setting to avoid errors of transcription, omission, duplication of
therapy, and drug–drug and drug–disease interactions.
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Accurate counting of medication errors and ADEs using appropriate
detection methods is now possible and is critical for establishing the scope
of the error problem. Accurate counts also enable providers to assess the
impact of error prevention efforts. The discussion in this section focuses on
what health care providers can do to improve medication safety through
the use of error detection and monitoring techniques; the use of external
reporting programs for safety improvement, introduced in Chapter 2, is
discussed in Chapter 8.

Many health care systems monitor medication errors by tracking self-
reported errors. Experts generally acknowledge that such reports detect a
small percentage of the true number of errors and ADEs, but they believe
this approach is the only feasible option. There are, however, better meth-
ods for counting errors. The goal of the committee’s recommendation in
this area is to assist health care providers in selecting improved methods for
monitoring of medication errors and ADEs while maintaining the recog-
nized benefits of current reporting mechanisms.

Numerous detection methods for medication errors and ADEs have
been employed (see Box 5-6). The selection of a method for inpatient
settings can be facilitated by answers to the following questions:

BOX 5-6
Detection Methods for Medication Errors and ADEs

• Attendance at medical rounds or review of nurse change-of-shift reports to
look for clues that an error has occurred (Andrews et al., 1997; Baker, 1997)

• Chart review (Bates et al., 1995a,b)
• Comparison of drugs removed from an automated drug dispensing device

with physician orders (Shuttleworth and Ruelle, 1996)
• Computerized analysis to identify patients receiving target drugs that may

be used to treat a medication error or a search for serum drug concentration or-
ders that may indicate an overdose (Bates et al., 1995b)

• Direct observation for detecting medication administration errors (Allan and
Barker, 1990; Barker et al., 2002)

• Monitoring of doses returned to the pharmacy (indicating possible dose
omissions) (Gift et al., 1996)

• Examination of death certificates (Phillips et al., 1998)
• Comparison of medication administration records with physician orders

(Cunningham et al., 1996)
• Voluntary reports of medication errors (Phillips, 2002)
• Stimulated self-reports using interviews (Bates et al., 1995a,b)
• Urine testing as evidence of omitted drugs and unauthorized drug adminis-

tration (Ballinger et al., 1974)
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• Are we most interested in focusing on medication errors for inpa-
tient settings that lead to patient injury (ADEs)? If yes, review the methods
described in Table 5-1.

• Are we interested in detecting as many errors as possible for inpa-
tient settings so that real system problems can be identified more quickly
and prevention efforts prioritized? If yes, review the methods described in
Table 5-2.

• ADE and error detection methods for outpatient settings are summa-
rized in Table 5-3.

Some of the methods available for detecting errors and ADEs are de-
scribed in greater detail below. These include reporting, chart review, com-
puterized detection of ADEs (Classen et al., 1991; Evans et al., 1991; Bates
et al., 2003), observation of medication administration (Barker et al., 2002),

TABLE 5-1 ADE Detection Methods: Inpatient Setting
Detection Method Description Source of Data

Chart review (see Data sources are screened Medical record (including
Morimoto et al., 2004) for evidence that an ADE electronic notes), orders

occurred

Computer-generated signals Computer screens orders, Triggers from com-
laboratory values, and other puterized data (e.g.,
data for indicators that an laboratory results,
ADE may have occurred; order for antidote)
reviewer follows up on
results

Electronic notes Software screens chart for Electronic health record,
evidence of an ADE; discharge summaries
reviewer follows up on (Murff et al., 2003)
results

Self-report, voluntary Providers submit data Patients, medical record
about events

Self-report, prompted Providers are interviewed Providers
to see whether any inci-
dents have occurred
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Resources Advantages Disadvantages

Trained reviewers Most likely to identify More time-consuming if
(nurses, pharmacists) events resulting in computer-generated signals

patient harm; detects are unavailable
more events than self-reports
(Jha et al., 1998)

Software, trained reviewers Helps focus reviewer time Best at finding events associated
by using triggers; has the with numbers (Gandhi et al.,
highest positive predictive 2000); availability of electronic
value for ADEs (see Field data required
et al., 2004); identifies more
events than self-reports
(Jha et al., 1998)

Software, trained reviewers Detects high percentage Electronic record or discharge
of ADEs in an efficient summaries needed
manner (see Field et al.,
2004)

Providers, report monitoring With sufficient data, can Detects very small percentage
system and staff identify error and ADE of events

trends; description of event
can help trained staff find
cause

Trained staff to In addition to advantages of Detects small percentage of
conduct interviews voluntary self-reports, can be events

performed by attending
rounds and nurse shift changes

and audits of prescriptions filled in community pharmacies to monitor
dispensing errors (Flynn et al., 2003).

Reporting of Medication Errors and ADEs

Voluntary reports, while not appropriate for measuring the actual fre-
quency of errors, are useful as a basis for root-cause analysis and for
identification of error trends involving certain medications, doses, forms,
and routes. Trend analyses and data mining benefit from having very large
databases—hence the efforts being made to increase error reporting and to
combine databases (see Chapter 8).

Health care providers can take a number of actions to promote suc-
cessful medication error reporting in their respective settings. First, they
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TABLE 5-2 Medication Error Detection Methods: Inpatient Setting
Detection Method Description Source of Data

Chart review Data sources are screened Medical record
for evidence that an error
occurred

Observation Observer records medi- Personnel actions
cations administered and
compares with orders, or
observer shadows physician
(Rothschild et al., 2005)

Self-report, voluntary Providers submit data Patients, medical record
about events

Self-report, prompted Providers are interviewed Providers
to see whether any
incidents have occurred

can create a learning system whereby errors and recommended preventive
measures are reported and used as a tool for learning. Second, they can
make a commitment to learning about error problems, monitoring na-
tional trends and reports, and implementing plans designed to prevent
similar errors from occurring at their site. When errors and ADEs are
identified, reporting should be encouraged. For example, the Institute for
Safe Medication Practices’ (ISMP) Medication Safety Alert newsletter,
United States Pharmacopeia (USP) MedMARx reports, and case studies
from AHRQ’s Web M&M (http://www.webmm.ahrq.gov) should be re-
quired reading for health care practitioners, including community phar-
macists, who can learn about errors that have occurred and take action to
avoid them. Recommended preventive actions, based on expert review,
are included in the ISMP newsletter.

As noted, voluntary reporting is valuable for identifying large prob-
lems and providing a stimulus for change, but has recognized limitations
for evaluating the true frequency of medication errors and ADEs. In a
comparison of voluntary reports against observation in 36 health care
facilities, observation detected 456 times more errors (Flynn et al., 2002).
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Resources Advantages Disadvantages

Trained reviewers Detects more events than More time-consuming if
self-reports (Flynn et al., computer-generated signals
2002) are unavailable

Trained observers Detects greatest number Focuses on administration
(nurses, pharmacists) of medication administra- errors

tion errors (Flynn et al.,
2002); identifies clues to
causes of errors that may
not be found with other
methods

All providers, report With sufficient data, can Detects small percentage of
monitoring system and identify error and ADE events
staff trends; description of

event can help trained
staff find cause

Trained staff to conduct In addition to advantages Detects small percentage of
interviews of voluntary self-report, events

they can be performed
during attending rounds
and nurse shift changes

To increase the strength of the evidence that errors truly are being reduced
(or are increasing), additional, more robust error detection methods are
needed.

Chart Review

Chart review to identify medication errors involves looking for events
in patient documentation that indicate a medication error may have oc-
curred, for example, a change in mental status, a new rash or diarrhea, or
orders for antidotes. Chart review is an effective way of finding medication
errors and ADEs, but is costly to perform and requires special training for
the chart reviewers. Recently, chart review has begun to make use of an
ADE trigger tool designed by the Institute for Healthcare Improvement
(Rozich et al., 2003), which is based on the automated surveillance method-
ology created at LDS Hospital, Salt Lake City (Classen et al., 1991). Such
ADE trigger tools do not require computerized technology and have been
used successfully to demonstrate the benefits of low-cost error prevention
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TABLE 5-3 ADE and Medication Error Detection Methods: Outpatient
Setting
Detection Method Description Source of Data

Chart review Review of patient’s clinic Medical record
(Gandhi et al., 2003; medical record for evidence
Morimoto et al., 2004) of an ADE

Computer-generated Computer screens orders, Triggers from computerized
signals (Field et al., 2004) laboratory values, and laboratory data

other data for indicators
that an ADE may have
occurred; reviewer follows
up on results

Evaluation of prescriptions Contents and labels of Filled prescriptions
(Flynn et al., 2003) filled prescriptions are

compared against the
original order for dis-
crepancies (detects
dispensing errors)

Reports, voluntary Patients or providers may Patients (symptoms or filled
identify an error and report prescriptions)
it to the provider or other
organization

Survey of patients Patients are interviewed Patients
(Wertheimer, 1973; after care or receipt of a
Forster et al., 2003; prescription to find
Morimoto, 2004) evidence of ADEs or

dispensing errors

strategies focused on high-risk medications in community hospitals (Cohen
et al., 2005).

Computerized Detection Methods

Electronic detection of ADEs should be included in clinical software
programs in all areas of health care by 2010. This capability can support
early detection of patient harm, with subsequent intervention to correct the
problem and treat the patient. Incorporation of this critical feature is im-
portant today, at a time when CPOE and EHRs are being developed and
implemented. The IOM’s Patient Safety report describes the functional
requirements for electronic ADE detection systems, including rules for de-
tecting possible ADEs using automated surveillance (Evans et al., 1991;
Classen et al., 1991; Bates et al., 2001; IOM, 2004).
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Resources Advantages Disadvantages

Trained reviewer Most likely to identify Fewer ADEs detected
events resulting in patient compared with patient
harm surveys

Software; trained Most likely to identify Limited availability of
reviewers events resulting in patient software in this setting in

harm the short term

Pharmacist Good measure of dis- Dependent on availability of
pensing errors; provides staff and time
clues to causes of errors

Health care provider Can provide clues to the Small numbers involved;
causes of errors should not be used for rate

calculations

Health care provider Can be used to follow up May be time-consuming if
on symptoms, obtain no electronic screening is
additional information available

Computerized detection of ADEs is based on the use of screening crite-
ria for triggering events. Techniques used by such systems include examin-
ing medication orders for antidotes (indicating a wrong dose or wrong
drug) and screening clinical laboratory data for results that exceed critical
values. These techniques may be employed at various levels of sophistica-
tion (Bates et al., 2003). Once a potential ADE has been identified, clinical
review is necessary to confirm whether it was in fact such an event.

Observation of Medication Administration

Since 1960, studies have used nurses to observe medication adminis-
tration in hospitals because the results provide an accurate measure of
how often medication administration errors actually occur (Flynn et al.,
2002). Observation involves a trained nurse or other health care profes-
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sional shadowing the nurse who administers medications, recording the
medications prepared and administered, and comparing this information
with what the prescriber ordered. Any discrepancy between what the
patient received and what the prescriber ordered is an administration
error. These data have been used to evaluate the accuracy of the output of
the entire medication distribution system—whether the patient received
the right drug, dose, form, and route—from the patient’s point of view
(Barker et al., 2002). An important advantage of observation over volun-
tary reporting is that it does not rely on the heath care provider’s being
aware of the error (providers typically do not realize they have made an
error, and if they do, they may be reluctant to report it). Observation is
best performed by nurses or pharmacists, although less costly resources,
such as pharmacy residents, pharmacy or nursing students, or experi-
enced pharmacy technicians, can also be used. The average cost of obser-
vation per dose was measured in one study as $6.65 when performed by a
registered nurse and $4.56 by a licensed practical nurse (Flynn et al.,
2002). Observation has been recommended for studying ADEs as well
(Rothschild et al., 2005).

To derive the benefits of the lessons that can be learned from observa-
tion while keeping the process affordable, observation is best conducted for
limited or periodic studies of settings of interest. The number of observa-
tions depends on the goal of the study, ranging from 100 per nursing unit
over a day or two to see whether there is an error problem to over 1,000 for
evaluations of technology effects. A hospital might conduct an observation
on several nursing units selected as “typical” every few months to learn
from the errors detected and determine whether there is a serious error
problem. This process would be part of the hospitals routine quality moni-
toring program.

Audits of Prescriptions Filled in Community Pharmacies

Detection of medication errors and ADEs in ambulatory care settings is
a fairly recent development. For example, incident reports and review of
patient records have been used to study ADEs among elderly ambulatory
patients (Gurwitz et al., 2003). Medication dispensing errors on prescrip-
tions filled in community pharmacies have been studied using a double-
check by an independent observer pharmacist (Flynn et al., 2003); however,
the standard in pharmacies is to rely on self-reports of errors detected by
patients who notify the pharmacist. National databases of voluntary re-
ports contain few error reports from the ambulatory setting, in part because
of unawareness of such errors and in part because pharmacies do not want
this information reported to external organizations. With the enactment of
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the Patient Safety and Quality Improvement Act of 2005 (P.L. 109-41),
protecting such data reported to patient safety organizations, community
pharmacies should start sharing this information.

Audits in community pharmacies involve random inspections of pre-
scriptions waiting to be picked up. A double-check of the contents of the
prescription vial compared with the drug and strength listed on the label
can help detect wrong-drug and wrong-strength errors that may have
avoided detection during the normal processes. The patient name on the
vial can be compared with the identifying information on the bag to help
detect wrong-patient errors. An additional audit technique is to review
information entered into the computer for new prescriptions for accuracy.
Use of such a quality improvement process at a VA outpatient pharmacy
resulted in a decrease in serious errors (ones that could have led to patient
harm) from 0.6 percent to 0.1 percent of prescriptions over a 1-year period
(Boneberg et al., 1991).

Analysis of Safety Data

Time spent detecting, reporting, and analyzing medication errors and
ADEs is wasted if the resulting information is not used to prevent future
errors and injuries. USP publishes focused analyses based on voluntary
reports made to the MedMARx database, which are helpful in identifying
problem areas and can serve as one model for how to use this type of data
(Young, 2002; Hicks et al., 2004; Santell et al., 2004). As noted earlier, the
ISMP newsletter contains not only descriptions of problems reported, but
also suggestions for preventing future errors (ISMP, 2005a). And AHRQ’s
Web M&M site also provides clinically useful analyses of medication er-
rors. Medication error databases at all levels should have a greater ability to
track effective methods for preventing the errors described, with a require-
ment to report on follow-up actions taken and their effectiveness.

An important benefit of using the techniques of computerized detection
and observation described above is that they can be used to evaluate inter-
ventions (Evans et al., 1994a, 1998). Observation, for example, enables
valid measurement of the effects of error prevention efforts on medication
administration errors. Studies that use voluntary reports to assess interven-
tions cannot determine whether an intervention led to a decrease in errors
or whether staff were unaware of errors that occurred.

The knowledge base on effective error prevention techniques should be
advanced at all levels (local, state, and national). The ultimate goal is to
have in place a system that facilitates the identification of best practices for
preventing errors and dissemination of this information to providers across
settings of care.
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ELECTRONIC PRESCRIBING

By 2010, all prescribers should write and all pharmacies should
be able to receive prescriptions electronically. By 2008, all pre-
scribers should have plans in place to implement electronic pre-
scribing. Providers should subject prescriptions to evidence-based,
current clinical decision support.

Increasing evidence demonstrates that paper-based prescribing is asso-
ciated with high error rates (Bates et al., 1995a; Kaushal et al., 2003) and
that electronic prescribing is safer (Bates et al., 1998). Electronic prescrib-
ing has a number of advantages (Bates et al., 1999; Teich et al., 2005): it
eliminates handwriting, helps ensure that the key fields (for example, drug
name, dose, route, and frequency) contain meaningful data, and makes it
possible to suggest a default dose. More important, however, computerized
prescribing enables a range of clinical decision support (Teich et al., 2005),
including checks for allergies, drug–drug interactions, overly high doses,
clinical conditions, drug–laboratory issues, and pregnancy-related issues, as
well as suggestions about dose given the patient’s level of renal function
and age.

While all decision-support checks contribute to an effective medication-
use system, results of recent studies suggest that dose adjustment may be
especially important. It is clear that 10-fold dosage calculation errors in
particular are a major clinical issue, especially in pediatrics (Rowe et al.,
1998). One inpatient study found that suggesting a dose appropriate for a
patient’s level of renal function substantially improved the likelihood that
the patient would receive the appropriate dose of medication (Chertow et
al., 2001); another demonstrated that alerts decreased the likelihood that
patients would receive too high a dose of medication given their level of
renal function (Galanter et al., 2005). Another study (Peterson et al., 2005)
demonstrated that suggesting an appropriate starting dose of medication
for geriatric inpatients improved the likelihood that the recommended daily
dose would be prescribed, reduced the likelihood of 10-fold overdose, and
was associated with a lower rate of falling.

It is not easy to implement decision supports, however, and problems
can arise with all of them. For example, many issues remain to be addressed
with regard to allergy checking, although some best practices have been
suggested (Hsieh et al., 2004). Drug–drug interactions are especially com-
plex since so many have been identified, but the number that are clinically
important is more modest (Hansten et al., 2001; Peterson and Bates, 2001;
Glintborg et al., 2005). Fewer data are available regarding the frequency of
problems in such areas as diagnoses contraindicating drugs, generic checks
for overly high doses, and drug–laboratory decision support.
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It is also essential that any decision support be practical. Overalerting is
a frequent and important problem (Teich et al., 2005), especially for drug–
drug interactions. To avoid this problem, it would be helpful if decision
support rules were available in a publicly available location. AHRQ should
consider approaches for developing a database to which organizations could
contribute decision-support rules, expressed in a standard format, that could
then be accessed by interested parties. This database would require periodic
external vetting to ensure that it included only appropriate rules and to
update the decision-support knowledge base. The need for such quality
checks is illustrated by ISMP’s recent audit of pharmacy decision support,
which found a very high rate of deficiencies and no improvement over a
6-year period (ISMP, 2005b).

An important adjunct to electronic prescribing is that all pharmacies
should be able to receive prescriptions in coded form—a much lower-risk
method than current paper or oral approaches (Bates, 2001), which are
error-prone and require transcription and verification. A commonly used
approach in the outpatient setting, for example, is to call prescriptions in to
the pharmacy. These prescriptions are frequently left on voice mail. This
approach, while efficient in some respects, has several limitations: there is
no possibility of readback; if there is a problem, the pharmacist must con-
tact the prescriber later; and the prescription cannot be checked at the time
it is delivered to the pharmacy. Similarly, in the reverse direction, most
communication by the pharmacist to the prescriber’s office must be left on
voice mail, and sometimes the prescriber’s staff do not respond appropri-
ately to queries requiring a clinical response. At the same time, a number of
issues must be addressed for electronic transmission of prescriptions to be
practical. Many of these issues are regulatory. For example, a number of
states have laws that preclude the practice, particularly for narcotics, al-
though there is no evidence that handwritten prescriptions are safer. In
other situations, pharmacies can decide whether they will accept electronic
transmission, a situation that creates substantial problems for providers
attempting to implement safer prescribing practices.

It is also important to recognize that any technology can induce new
errors as well as prevent them, and that computerization of prescribing thus
does not represent a panacea (Koppel et al., 2005). When any intervention
is introduced, it must be monitored, problems it creates must be identified,
and appropriate changes must be made in the application and underlying
databases to eliminate these problems. Typically, insufficient resources and
energy are dedicated to this process, yet results of human factors research
clearly demonstrate that it is more efficacious than training staff to work
around difficulties (Gosbee, 2004).

Finally, to achieve the desired safety benefits, electronic prescribing
must include basic clinical decision support (Bates et al., 1999; Gandhi et
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al., 2005), which in turn requires a defined set of clinical data—the patient’s
age, gender, allergies, other medications, problems, and selected laboratory
results. Thus to achieve major safety benefits, electronic prescribing should
be linked with electronic health records. It should be carried out using a
device such as a desktop, laptop, or tablet computer. To date, it has been
impossible to deliver adequate clinical decision support on palm-top plat-
forms, primarily because of the infeasibility of incorporating sufficient clini-
cal information in these devices in a timely fashion, the shortage of space on
palm-top screens, lack of interoperability, and issues related to transmis-
sion speed. The tablet PC provides more screen space than the palm-top
device at the cost of some portability.

MULTIDISCIPLINARY TEAMS

Providers should have the appropriate competencies for each
step of the medication-use process.

The use of multidisciplinary teams to care for patients receiving com-
plex medication regimens offers the potential to improve substantially the
quality of drug therapy and reduce the occurrence of medication errors and
ADEs (Leape et al., 1999). Such teams may include nurses, clinical pharma-
cists, and other health professionals, complementing and extending the
efforts of the physician. In most instances, it is useful to enlist the patient
and family members as part of the overall team. In certain instances, having
specific individuals on the team can be beneficial. For example, having a
pharmacist conduct rounds with the team has been found to reduce ADE
rates in the intensive care unit setting (Leape et al., 1999). While it probably
does not make sense to have pharmacists present during rounds with all
teams because of the cost of their services, their input on teams providing
care that involves high medication use (for example, chemotherapy units) is
likely to provide important benefit.

Multidisciplinary approaches have been employed to optimize pharma-
cotherapeutic management of patients across a variety of clinical settings,
from the intensive care unit to the ambulatory setting. These approaches
have often focused on specific medical conditions, such as diabetes mellitus
and congestive heart failure (Rich et al., 1995; Whellan et al., 2005), or
specific drug therapies, such as anticoagulant therapy.

Cohesive health care teams possess five key characteristics (Grumbach
and Bodenheimer, 2004):

• Clear goals with measurable outcomes
• Clinical (e.g., for prescription refills) and administrative (e.g., for

making patient appointments) systems
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• Division of labor—identifying which people on the team perform
which tasks

• Training for the functions each team member routinely performs
• Effective communication (e.g., minute-to-minute communication

through brief verbal interactions among team members)

How these characteristics play out in the care of patients on drug
therapy can be illustrated by the example of anticoagulation therapy with
warfarin. Such therapy is risky, for example, because of the possibility of
bleeding due to drug interactions and suboptimal dosing. Specialized anti-
coagulation clinics employ a team approach to optimize the treatment
(Ansell et al., 1997). Such an approach can help achieve improvements in
anticoagulation control (Samsa et al., 2000) and reductions in bleeding and
thromboembolic event rates (Chiquette et al., 1998; Hamby et al., 2000).
One measurable outcome for patients on warfarin therapy is whether the
level of anticoagulation has been maintained within the target therapeutic
range at least 80 percent of the time, so as to reduce the risk of bleeding and
provide optimal therapeutic benefit. Accordingly, key features of effective
warfarin therapy teams are as follows:

• A clinical system with a set of procedures for informing patients of
laboratory results and of any needed changes in the warfarin dose.

• An administrative system with procedures for scheduling the next
laboratory test and notifying the nurse and scheduler when a patient does
not present for the test.

• Adequate training of each team member in the specific functions
each must perform. For example, the nurse or pharmacist managing the
care of patients on warfarin must be trained in the use of protocols and
computer programs for dosing and monitoring of the therapy, as well as in
surveillance for important drug interactions.

• Communication structures for promptly conveying information to
the physician when there is a need for decisions regarding response to a
warfarin-related bleeding event or complex dosing and monitoring deci-
sions not encompassed by the usual protocols.

It is important to note that despite the potential benefits of multi-
disciplinary approaches and their increasing use in the care of patients with
a variety of medical conditions, such approaches have not always proven to
be more effective than conventional care (Matchar et al., 2002; Strom and
Hennessy, 2002). Furthermore, multidisciplinary teams are used most com-
monly in care for a single medical condition or management of a single type
of therapy. Care provided by several different multidisciplinary teams may
not be the optimum way to care for patients with multiple chronic medical
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conditions. Indeed, such a fragmented approach could place patients at
increased risk for medication errors, similar to the risk that results from
having multiple different health care providers each independently prescrib-
ing medications in their own discipline. An example of an alternative is the
Program of All-Inclusive Care for the Elderly (PACE), which has shown
great promise for providing comprehensive care for the very frail elderly
using a multidisciplinary approach (Bodenheimer, 1999).

The committee believes that a team approach to medication use is
essential. Different providers will be involved at each step of the process.
But all providers who are prescribing, whether a physician, nurse practi-
tioner, or physician’s assistant, or administering, whether a registered nurse
or licensed practical nurse, need to have the appropriate competencies,
which should be determined by their professional organizations and the
care organization for which they work.

EFFECTIVE USE OF WELL-DESIGNED TECHNOLOGIES

Providers should make effective use of well-designed technolo-
gies, which will vary by setting.

Judicious use of technology will be important in improving medication
safety (Bates and Gawande, 2003). While the evidence supporting this
statement is strongest for the inpatient setting (AHRQ, 2005), the use of
technology will undoubtedly result in major improvements in all settings,
although the specific technologies and relative benefits will likely differ by
setting. Much remains to be learned in all settings. Moreover, as noted
earlier, any technology can introduce errors as well as prevent them (Ash et
al., 2004), and it is essential to monitor any new technology and make
appropriate midcourse corrections. And even highly promising technolo-
gies may not yield the desired safety benefits if issues of safety culture and
efficiency are not adequately addressed (Rothschild, 2004).

Inpatient Setting

In the inpatient setting, strong evidence demonstrates that CPOE re-
duces rates of serious medication errors in adults (Bates et al., 1998; AHRQ,
2005), although the impact on preventable ADEs is uncertain since a large
randomized controlled trial has not been conducted. A key issue regarding
CPOE is the depth and breadth of the decision support provided. Moroever,
the main impact of CPOE is on ordering and transcription errors; the
technique has relatively little impact on administration errors. For reducing
the frequency of the latter errors, machine identification techniques such as
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bar coding—especially when linked to an electronic medication administra-
tion record—hold substantial promise, although the evidence for their effi-
cacy is less strong than is the case for CPOE (AHRQ, 2005). Bar coding will
likely be especially important for medications taken orally, although it will
probably also be important for intravenous medications. The latter are
particularly risky because they are especially potent, have rapid action, and
are given to critically ill patients, and because it is easy to give an intrave-
nous dose that exceeds the norm by 10 (or more) times. Another technology
that appears likely to have an impact on improving the safety of intrave-
nous medications is “smart” pumps. These pumps can be programmed
according to the medication being given, warn the nurse if the dose is too
high, and record what happens if the dose is overridden. The first large trial
of this technology demonstrated that it could be used to identify many
instances in which doses were too high, but it did not reduce the rate of
serious medication errors because nurses often ignored even important
warnings (Rothschild, 2004).

Although dispensing appears to be relatively safe compared with other
steps in the medication-use process, it, too, can be made safer by bar coding
(Poon et al., 2005). The use of robots for filling prescriptions in pharmacies
may also have the potential to improve dispensing (Bates, 2000). Auto-
mated dispensing devices on clinical units may improve safety as well,
although the one study evaluating their impact failed to demonstrate any
benefit (Barker, 1995; Barker et al., 1998).

Monitoring should also benefit from computerization in two ways.
One is that the standard approach to identifying ADEs—spontaneous re-
porting on paper—should be replaced by on-line reporting, which has many
advantages (Bates, 2002). Specifically, on-line reporting makes it possible
to use branching logic; makes it easier to update the reporting scheme; and
facilitates collection of the data in standard formats, which in turn facili-
tates analysis. Much more important, though, is implementation of com-
puterized ADE monitoring (Classen et al., 1991) that uses signals to iden-
tify situations in which an ADE has occurred or is likely to occur. In many
instances, it may be possible for someone—usually a pharmacist—to inter-
vene either before the event occurs or before it becomes as severe as it might
otherwise have been.

There have been a few studies of override problems related to technolo-
gies designed to reduce medication errors. As noted above, a smart pump
can fail to reduce serious medication error rates because nurses ignore
important warnings (Rothschild, 2004). At the prescribing stage, Hsieh and
colleagues found that overrides of allergy warnings were common, and 1 in
20 of these overrides, while appearing to be clinically appropriate, resulted
in an ADE (Hsieh et al., 2004). At the pharmacist order entry stage, Grisso
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and colleagues (2004) found that 6.5 percent of overdose and underdose
warnings for pediatric patients were inappropriate, and a daily review of
pharmacist overrides is now performed to correct problems early in the
process. At the medication administration stage, Oren and colleagues (2002)
studied overrides of antimicrobial withdrawals from an automated dispens-
ing machine and found that medication errors occurred in 21 percent of
cases. Kester (2005) found that 12 percent of overrides were associated
with variances from written orders, and 2 percent were related to medica-
tion errors or near misses. A unit-based pharmacist can help decrease medi-
cation errors resulting from overrides (Haas et al., 2004), and a well-
implemented system should include education about the possible
implications of overriding system warnings.

Ultimately, it will be important to implement all of the above technolo-
gies at the same time and link them electronically. Orders can then be
transmitted electronically to the pharmacy, where they can be evaluated
and filled. It should be possible to do this for many medications, with
manual filling being checked using bar coding for a small minority of
medications. The electronic medication record can then be populated. Nurse
administration of medications taken orally can be checked through bar
coding, while intravenous medications can be screened using smart pumps.
All of these techniques should be able to communicate wirelessly. Many of
these approaches, especially CPOE and automated dispensing in the phar-
macy, will be easier to support in larger, rather than smaller, hospitals.
With this combined approach, it might be possible to reduce the medication
error rate in hospitals on the order of 100-fold.

Nursing Home Setting

In nursing homes, electronic prescribing will likely be important, al-
though there are few data to date regarding its efficacy in this setting, and
the key decision support required will likely differ somewhat from that in
the inpatient setting (Gurwitz et al., 2005; Rochon et al., 2005). Therefore,
CPOE is likely to yield substantial benefits, especially if it can be done
remotely, enabling the physician to review the patient’s medication list and
perform checks, such as those for drug–drug interactions, in real time
(Rochon et al., 2005). This is a particular problem in nursing homes as
many residents are taking multiple medications, and most physicians are
not located at the site. Nonetheless, implementation of CPOE in this setting
will be challenging since most nursing homes have very limited resources,
and many have relationships with large numbers of physicians who spend
relatively little time at each site.

Bar coding and computerized medication administration records can
also be expected to have an impact in this setting. Barker and colleagues
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(1982) demonstrated relatively high rates of medication administration er-
rors in nursing homes and the potential of bar coding to decrease these
rates, although controlled trials of this technology have not been conducted
in this setting.

Outpatient Setting

In the outpatient setting, electronic prescribing will be important
(Gandhi et al., 2003), although evidence to date for its effectiveness in this
setting is limited, and electronic prescribing without associated decision
support is unlikely to yield the potential safety benefits (Gandhi et al.,
2005). Indeed, it may be more important to improve communication be-
tween patients and providers; the available evidence suggests that many
ADEs might have been prevented or ameliorated had communication oc-
curred earlier in the medication-use process (Gandhi et al., 2003). In this
regard, personal health records that are linked to provider EHRs represent
one attractive approach that deserves further evaluation (Katz et al., 2004).
Other technologies, such as on-line communications, also warrant further
investigation. In addition, automation may be useful in pharmacies to im-
prove the likelihood that prescriptions will be filled accurately, and to free
pharmacists to do more counseling with patients, which too often does not
occur today.

Return on Investment

The adoption of CPOE with computerized decision support has been
slow (Kaushal et al., 2005). High upfront capital costs and the difficulty of
demonstrating the financial benefits have been major barriers to the adop-
tion of CPOE. A recent study demonstrated that the investment in CPOE
with decision support at the Brigham and Women’s Hospital, Boston, Mas-
sachusetts, has resulted in substantial operating budget savings (Kaushal et
al., 2006). Over the period 1993–2002, the hospital invested $11.8 million
to develop, implement, and operate a CPOE system and achieved net oper-
ating budget savings of $9.5 million. The majority of the savings were
derived from a relatively small number of interventions. The annual savings
generated in 2002 dollars were from renal dosing guidance ($2.24 million),
ADE ($1.05 million), improved nursing time utilization ($0.96 million),
and specific/expensive drug guidance ($0.88 million).

A key lesson from the implementation of CPOE with computerized
decision support at Brigham and Women’s Hospital is that hospitals should
focus initially on a small number of high-impact interventions (for example,
renal dosing guidance, ADE prevention, and specific/expensive drug guid-
ance). There are other high-impact interventions not implemented at Brig-
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ham and Women’s Hospital, such as the antibiotic assistant implemented at
LDS Hospital, Salt Lake City (Evans et al., 1994b). More research is needed
to identify further high-impact interventions, particularly regarding the use
of intravenous medications because of their high toxicity.

Another key lesson from the implementation of CPOE at Brigham and
Women’s Hospital is that hospitals should pay careful attention to workflow
design to save nursing and physician time. At Brigham and Women’s Hospi-
tal, the greatest efficiency was achieved through automation of the medica-
tion administration record. Other savings were derived from reduced rework
of problematic orders to avoid medication errors or ADEs since the CPOE
system was performing many of these checks at the time of order creation.

Further cost/benefit studies are urgently needed. The system imple-
mented at Brigham and Women’s Hospital was developed in house, so
studies of vendor-based systems are particularly desirable. Also needed are
studies addressing care settings other than hospitals and a broader range of
decision-support tools.

Implementation of Systems

The overall design and implementation of new technologies are fun-
damental to a successful outcome. Groups of researchers have documented
implementation problems for electronic prescribing systems and unin-
tended consequences arising from the implementation of such systems
(Ash et al., 2004; Han et al., 2005; Berger and Kichak, 2004; Koppel et
al., 2005; Fernando et al., 2004). Achieving the safety benefits of any
technological intervention, but perhaps especially CPOE, requires that it
be implemented well and routinely maintained. A number of best prac-
tices for implementing CPOE and the associated clinical decision support
have been described:

• There are many CPOE systems available, and careful analysis is
needed to identify the best system to meet the needs of the clinical situation.
Entry and retrieval of information is an aspect of CPOE that must be
examined with particular care (Ash et al., 2004).

• The success of the implementation of information systems in health
care is determined by organizational factors (Aarts et al., 2004). Care deliv-
ery processes and the technologies to support these processes need to be
designed in conjunction. A corollary is that significant effort must be de-
voted to staff training in the use of CPOE systems.

• All electronic prescribing applications should be subjected to usabil-
ity testing and evaluation with test scripts before implementation. Leapfrog
is developing a tool for evaluating hospital CPOE systems with decision
support (Kilbridge et al., 2006). Currently, EHRs are being certified by the
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Certification Commission on Health Information Technology, which will
be certifying electronic prescribing applications if they are part of EHRs. It
is also useful to pilot the CPOE in a limited setting prior to full implemen-
tation to identify and rectify any problems.

• During the implementation period, it is best to include as many
order sets as possible at the outset and to provide intensive support to all
users so that any problems can be rapidly addressed.

• After implementation, use of the CPOE system must undergo a con-
tinuous quality improvement process (Bates, 2005) with frequent evalua-
tion to determine whether the system is functioning as intended, and new
errors that are introduced must be tracked and addressed. The clinical
processes involved are complex. Errors and problems will continue to oc-
cur. Sufficient resources must be available to analyze problems and imple-
ment process improvements. Several models of successful quality improve-
ment in clinical units have been documented (IOM, 2004; Batalden et al.,
2003; Pronovost et al., 2002). The above practices apply for any clinical
decision support system as well.

Care Transitions

Data increasingly suggest that care transitions are associated with high
levels of risk (Forster et al., 2003), especially for ADEs (Forster et al.,
2005). Many of these ADEs are due in part to the changes in medication
that are made at the time of admission or discharge. Thorough reconcilia-
tion of medications is crucial in these situations (Rozich et al., 2004), but
difficult to achieve. Technology can assist in this process. In addition, out-
reach to patients who have recently been discharged will likely be neces-
sary, and it appears likely that technology such as telemedicine and per-
sonal health records can be used to leverage this outreach.

Conclusions

In the future, it is inevitable that technologies will serve as increasingly
important tools for improving medication safety in all settings, though the
specific technologies involved will differ by setting. For inpatients, the core
challenge appears to be accurately delivering the appropriate and intended
medications. Outside the hospital, improving the safety and efficacy of
prescribing is essential, together with improving monitoring and communi-
cation. In all settings, safety culture is pivotal, and there are many things
that individual providers can do to that end, though achieving high levels of
safety will demand that providers have tools appropriate for their setting.
These tools must be implemented well, and all carry the potential for unin-
tended consequences.
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6

Action Agenda for the Pharmaceutical,
Medical Device, and Health Information

Technology Industries

CHAPTER SUMMARY

Pharmaceutical, medical device, and health information tech-
nology companies represent the chief drug product-related industry
sectors of the medication-use system. If designed well, their prod-
ucts can improve the health and well-being of consumers, advance
medical science, and enhance clinical practice. As with other com-
ponents of the medication-use system, however, certain features of
design processes and communication mechanisms warrant signifi-
cant improvement to better serve the health needs of consumers
and the practice needs of providers and, most important, prevent
medication errors. This chapter provides an action agenda for the
pharmaceutical, medical device, and health information technol-
ogy industries that, in collaboration with appropriate government
agencies, can begin to address key problems that affect the safety
and quality of the medication-use system.

This chapter presents an action agenda first for the pharmaceutical
industry, and then for the medical device and health information technol-
ogy industries.

PHARMACEUTICAL INDUSTRY

As discussed in Chapter 2, improving the safety of medication use
requires improving the quality of information generated by industry and
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other researchers regarding drug products and their use in clinical practice.
Also required are improvements in the way drug information is presented
to providers and consumers through labeling and packaging since such
materials have a direct effect on medication errors and adverse drug events
(ADEs). This section reviews key problems involved in the generation and
presentation of information that should be addressed by the pharmaceuti-
cal industry and the Food and Drug Administration (FDA).

Generation of Information

Current methods for generating information about medications are
insufficient to meet the changing medical needs of the population, particu-
larly given expected increases in the numbers of elderly people with mul-
tiple chronic conditions (IOM, 2000, 2001). While a comprehensive review
of the drug research and development process and recommendations for its
redesign are beyond the scope of this report, certain key aspects of informa-
tion generation germane to medication safety merit discussion here.

Clinical Data

Determining that a medication error has occurred presumes that the
correct dose of a drug for a given patient at a particular time is known, and
that the indication for that drug is correct relative to alternative approaches
to treatment. Unfortunately, this fundamental presumption is too often
unwarranted.

The benefits of drugs can be categorized as improvement in longevity,
improvement or stabilization of symptoms (improvement in quality of life),
prevention of adverse events, or reduction in the costs of other medical
interventions. To determine whether the benefits of a drug outweigh its
risks, both the benefits and the risks must be measured in the population to
whom the drug will be given for a relevant period of time (Yusuf et al.,
1984; Prentice, 1989; Fleming and DeMets, 1996). Ideally, after these mea-
surements have been made, individuals should be informed about both the
benefits that can be expected and the potential risks. Since the benefits and
risks are measured with different metrics, it is important to recognize that
in the end, a subjective judgment regarding the balance of benefit and risk
is necessary, since a ratio cannot be calculated (CERTS, 2003; Tsintis and
La Mache, 2004; Edwards et al., 2005).

Over the past several decades, our understanding of therapeutic evalu-
ation has advanced significantly. Nonetheless, the balance of benefit and
risk of a drug compared with alternative treatments usually is not known. A
variety of examples can be used to illustrate this point. Hormone replace-
ment therapy, for instance, was once the most prevalent drug prescription
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globally, with its most common indication for use being prevention of
cardiovascular disease in postmenopausal women. Many years after the
therapy was marketed, however, both the HERS (Heart and Estrogen/
progestin Replacement study) Trial and the Women’s Health Initiative dem-
onstrated its association with an excess of vascular events (Hulley et al.,
1998; WHI Steering Committee, 2004). As a second example, the COX-2
(cyclo-oxygenase-2) inhibitors were expected to be a safer alternative to
nonsteroidal anti-inflammatory drugs (NSAIDs). Vioxx and Bextra (among
others), however, were removed from the market after the FDA Advisory
Committee meeting in February 2005. Some experts believed the true bal-
ance of benefit and risk was not known for any of the COX-2 inhibitors
(Psaty and Furberg, 2005). Perhaps even more startling, it was pointed out
at the hearing that the same could be said for the traditional NSAIDs,
which had been considered safe enough to sell over the counter. As a final
example, a variety of antihypertension drugs have been developed and
marketed as superior to the older, generic drugs used for this indication.
However, when the National Institutes of Health (NIH) funded a prag-
amatic clinical trial involving more than 40,000 patients, it was found that
the newer drugs provided no greater protection against stroke, heart fail-
ure, or death than the generic drug chlorthalidone (ALLHAT, 2002). Given
that these examples involve some of the most commonly used and inten-
sively studied drugs, there is uncertainty that drugs receiving less attention
are better characterized. Since the only way to be confident about the
balance of benefit and risk is empirical measurement, this information is
lacking for most prescriptions that are written, especially those for chroni-
cally administered drugs.

The above issues are magnified in certain populations that bear much
of the risk of drug prescription and administration:

• The majority of prescriptions written for children are off label,1 with
no empirical demonstration of safety and efficacy (Roberts et al., 2003).
The Best Pharmaceuticals Act for Children has stimulated a major increase
in clinical trials in children, but the legacy of sparse evidence remains
substantial, and few of these trials have provided definitive information
about indications and doses for the drugs involved. Pediatric oncology has
been at the forefront in terms of enrolling a significant number of children
in trials and could possibly be used as a model for other drug categories.

• Almost nothing is known about the balance of benefit and risk in the
fastest-growing segment of the population—those over age 80. These pa-
tients have only recently been enrolled in clinical trials (Alexander and

1The FDA permits the prescribing of approved medications for other than their intended
indications. This practice is known as off-label use.
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Peterson, 2003). Given the major changes in organ physiology that occur in
the elderly, people over age 80 have unique characteristics related to drug
metabolism and pharmacodynamics.

• Patients with renal dysfunction represent a large and growing popu-
lation requiring more comprehensive studies. Over 10 percent of the popu-
lation now has a creatinine clearance below 60 milligrams per deciliter (mg/
dl), indicating moderate or worse renal function (Reddan et al., 2003). The
fact that many drugs are excreted by the kidneys raises obvious issues about
dosing as a function of renal clearance. In addition, however, almost every-
one with impaired renal function is either elderly or chronically ill, so that
a simple mathematical calculation of clearance will not yield an accurate
estimate of the balance of the benefit and risk of a drug at a particular dose.

• Patients with multiple comorbidities are typically excluded from
premarketing clinical trials, yet many of the major problems involving drug
toxicity have occurred in those taking multiple medications because of
multiple diseases (Gurwitz, 2004). Drug interactions and additive toxic
effects are common, and while they can be anticipated based on studies in
other populations, the cumulative effects of multiple drugs cannot be pre-
dicted accurately without empirical study.

• Drugs for patients with psychiatric illnesses are particularly contro-
versial. Most studies in these populations have been small and incapable of
providing pragmatic, comparative information (March et al., 2005). Recent
studies funded by the National Institute of Mental Health (NIMH) have
fueled concern about the basic knowledge base for treatment of depression,
manic-depressive illness, and schizophrenia.

The theory of clinical pharmacology has not been well supported by the
academic community or the NIH. In particular, the characteristics of pa-
tients that determine the manner in which the pharmacokinetics and phar-
macodynamics of drugs will be manifest are poorly understood and often
overlooked (Fitzgerald, 2005). As a result of marketing considerations, the
industry has tended to attempt to develop drugs that are given once a day
and intravenous formulations that have fixed doses for ease of administra-
tion. Thus recommended doses are not specifically tailored to the needs of
the individual patient.

The field of clinical pharmacology needs to be invigorated. Few train-
ing programs in this area exist today in the United States, prompting the
Institute of Medicine (IOM) to initiate its own national course in drug
development. With the anticipated availability of pharmacogenomic data, a
cadre of experts will be needed to evaluate the modifiers of drug concentra-
tion and activity.

A large increase in the number of patients for whom clinical outcomes
are measured is needed to elucidate the proper dosing of drugs in individu-
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als (Califf and DeMets, 2002a,b). The case of anticoagulant drugs illus-
trates this need. These drugs are characterized by a complex balance of
benefit (prevention of blood clots) and risk (bleeding) (Schünemann et al.,
2004). Aspirin has been available for over 100 years and heparin for over
50 years. Yet the best dose of each for preventing arterial thrombosis
remains controversial. Multiple new drugs, including direct antithrombins,
low-molecular-weight heparins, P2Y12 inhibitors, and glycoprotein IIb/IIIa
inhibitors, have been developed in the past two decades and have been
demonstrated to provide a net balance of benefit on average in patients
entered into clinical trials. Yet little is known about the appropriate dose of
these agents in children, the very elderly, and patients with renal impair-
ment. The adjusted dosing regimens for heparin and coumadin, each of
which has been marketed for more than four decades, were delineated
relatively recently after thousands of patients had been entered into clinical
trials that included outcome measurement to determine the degree of an-
ticoagulation with each agent that led to prevention of thrombosis without
unacceptable bleeding.

Once a drug is on the market, the expansion to new indications contin-
ues throughout its life cycle. Most postmarket studies funded by industry
are intended specifically to expand the market for a drug, and such studies
are usually not undertaken unless the calculated probabilities indicate that
the study will yield a positive financial return (Tunis et al., 2003). Direct
comparisons of a drug with an alternative drug or other treatment rarely
meet this financial test because there is too great a risk of finding that there
is no difference or that the competing treatment is better.

An increasing number of reports over the past several decades have
called for a marked increase in pragmatic clinical trials that answer ques-
tions relevant to clinical practice (Crowley et al., 2004). A new approach is
needed that includes industry participation, but also independent oversight
to stimulate more such trials. Lacking the results of such trials, neither
prescriber nor patient can know what treatment plan is best.

A critical issue is where to draw the line between the premarketing
development phase and the point at which the drug is allowed on the
market. Scientifically, the gaining of knowledge about a drug should be a
continuous process in which new information is used to refine understand-
ing of the drug’s uses, benefits, and risks at particular doses in particular
patients. In actuality, however, the development of scientific knowledge
about drugs is quite discontinuous, and the process is dependent on clearing
a series of hurdles with defined criteria. In particular, tremendous effort
and expense go into the New Drug Application (NDA) required to obtain
initial approval for marketing (see Chapter 2). Ideally, at the time of initial
marketing, the balance of a drug’s benefit and risk would be known so that
the label for its use could be clear. In reality, however, the costs of drug
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development and the length of time required to develop this information,
particularly for drugs used to treat chronic diseases, make this impractical
(Wood, 1999). Accordingly, an increasing number of experts advocate
greater use of provisional drug approval to allow access to new therapies,
with the requirement for long-term studies in heterogeneous populations
after the drug is on the market.

Key Finding

Providers require better-quality information about medications
and their effects if they are to meet the needs of their patients. For
example, to facilitate safety and quality in the medication-use sys-
tem, there is a need for more comprehensive benefit/risk informa-
tion, clinical outcome data, and effectiveness data. Open access to
such data is important not only for developing clinical understand-
ing, but also for populating clinical knowledge and decision-
support systems.

Disclosure of Clinical Data

The current state of disclosure of the findings of clinical studies is
inadequate to support safety and quality in medication use, although the
situation is improving. Of the multitude of drug products on the market,
mandatory registration of clinical trial data applies only to those used for
serious and life-threatening conditions. Moreover, requirements do not in-
clude disclosure of the results of Phase III trials—a key tool for educating
patients and health care providers about drug benefits and risks—while
results for only selected Phase IV studies are voluntarily included. Registra-
tion of clinical trial data is done at http://www.ClinicalTrials.gov, a federal
government website operated through the NIH.

Until recently, information about other drugs was scattered over sev-
eral database systems operated by different entities (IOM, 2006). However,
the International Consortium of Medical Journal Editors now requires reg-
istration of clinical trial data at ClinicalTrials.gov as a condition for journal
publication. Until this new requirement and its associated public scrutiny,
the overall quality of the information reported was low in terms of useful-
ness, comprehensiveness, and standardization. A recent report from
ClinicalTrials.gov documents improvement in the quality of reporting, but
considerable progress is still needed (Zarin et al., 2005).

Providers and others have historically relied on medical journals publi-
cations to obtain results of different types of clinical studies and compen-
sate for the limitations of repositories. While medical journals will remain
important to the dissemination of objective clinical trial and practice infor-
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mation, a more flexible system is needed to ensure that the demands of the
public for complete disclosure of drug benefits and risks are met.

The recently released IOM workshop report Clinical Trial Registra-
tion: Developing a National Registry to Improve Public Access and Reli-
ability states that the best course of action to build the nation’s repository
of information about therapeutics and improve the quality of that informa-
tion may be a broad expansion of the ClinicalTrials.gov database (IOM,
2006). A single national registry populated with information generated
through clinical studies of all drug products would be a critically important
resource for all stakeholders in the medication-use system. Each stake-
holder group (e.g., patients, providers, researchers, medical journal editors,
pharmaceutical companies, health insurers, information technology ven-
dors, and regulators) has different needs and uses for the information con-
tained in such a registry (see Box 6-1) (IOM, 2006). For optimal function-
ing, the registry should serve several purposes:

• List and track the status of ongoing clinical trials.
• Provide information on patient recruitment.
• Report results of clinical trials, including late Phase II, Phase III, and

postmarketing studies; “head-to-head” comparisons of drugs; comparisons
of drugs and alternative treatments; and effectiveness studies.

Full disclosure of the results of all clinical trials and postmarket studies
in a national registry is particularly important to fill the current knowledge
gaps that affect clinical practice, patient self-management, and medication
safety. The distortion of information that results from the design of post-
marketing studies has been described above. Well beyond this distortion,
however, positive study results are much more likely to be published than
negative results. This publication bias yields an incomplete picture of the
drug characteristics that must be known for more accurate medication use
and error prevention, and can therefore have a detrimental effect on pa-
tients. This has clearly been a major issue with COX-2 inhibitors and
NSAIDs (see the discussion above). Thus all clinical trial results must be
disseminated in a comprehensive, objective, and unbiased manner (IOM,
2006). Clear communication of risk information (not just benefits) is essen-
tial to preventing errors and potential adverse reactions.

The same holds true for other study results that should be incorporated
into a national registry (i.e., postmarket, comparison, and effectiveness
studies). Postmarket studies are especially important in relaying new safety
information revealed as a drug is used in clinical practice. Comparative and
effectiveness studies contribute further to understanding a drug’s character-
istics and therapeutic value. Given the proposed national registry, patients,
providers, and others would not have to search multiple database systems
for these study results but could easily maneuver within one comprehensive
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system to learn more about a particular medication. The registry would
also facilitate more efficient use of clinical data for such purposes as cross-
referencing patients’ response to a drug during clinical trials and their
response in clinical practice, patients’ response to one drug and their re-
sponse to another, and patients’ response to a drug and their response to
other treatment options. Also, a drug’s overall effectiveness in terms of
patient outcomes is becoming a valuable measure of therapeutic success.

Further discussion and recommendations concerning such a national

BOX 6-1
Diverse Expectations and Perceived Needs
for a National Registry of Clinical Trial Data

The public and various entities within the medical community have different
expectations and perceived needs regarding a public registry of clinical trial data:

• Individuals suffering from various diseases—and their family mem-
bers—want to know that appropriate therapies are being offered and that patient
safety is being ensured. Patients today want to be able to search on their own for
research results that pertain to their disease and potentially to enroll in a clinical
trial if appropriate.

• Health care professionals need both unbiased summary information de-
rived from all trials conducted on a drug or therapy and the capacity to review the
clinical data from any single study. They do not want to confine their review to the
approved drug labeling or articles published in medical journals.

• Researchers may generate new ideas for investigation or look for data
trends by accessing all the trials conducted on a drug or therapy.

• Medical journals have an enormous impact on clinical practice and medi-
cal policy. When journal editors receive clinical trial manuscripts for publication,
they are concerned that they understand the research fully. They want to know
whether clinical trials exist that may conflict with the submitted manuscript. And
they want to know whether the authors failed to follow the original research plan,
because such discrepancies may reflect serious defects in the research. Indeed,
the integrity of the journal is at stake, as is the entire scientific enterprise, when
research is published through the peer-review process.

• Regulators would use the information in a registry to develop policies re-
garding clinical research.

• Health insurers want to remain abreast of evidence-based results as the
basis for insurance coverage policy.

• Sponsors of research aimed at developing a new therapy or drug incur
great expense. Some of the information involved is highly proprietary and confi-
dential to the sponsor. Companies are concerned that if all such proprietary infor-
mation were required to be made broadly available to the public at the outset of
clinical trials, they could not recoup their investment because competitors in the
United States or abroad could copy their innovations. At the same time, industry
recognizes its responsibility to do everything possible to ensure patient safety and
secure the public trust.
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registry will be provided in the forthcoming report of the IOM Committee
on the Assessment of the U.S. Drug Safety System.

Communication of Information

Drug information is communicated to providers and consumers through
labeling and packaging, marketing practices, and advertisements. Poorly
designed materials and inadequate representation of drug benefits and risks
has led to errors across the medication-use continuum, such as inappropri-
ate prescribing, confusion among products affecting dispensing and admin-
istration, and compromised ability to monitor a drug’s effects adequately.
This section addresses these issues.

Recommendation 4: Enhancing the safety and quality of the
medication-use process and reducing errors requires improved
methods for labeling drug products and communicating medica-
tion information to providers and consumers. For such improve-
ments to occur, materials should be designed according to desig-
nated standards to meet the needs of the end user. Industry, the
Agency for Healthcare Research and Quality (AHRQ), the FDA,
and others as appropriate (e.g., U.S. Pharmacopeia, Institute for
Safe Medication Practices) should work together to undertake the
following actions to address labeling, packaging, and the distribu-
tion of free samples:

• The FDA should develop two guidance documents for indus-
try: one for drug naming and another for labeling and packaging.
The FDA and industry should collaborate to develop (1) a common
drug nomenclature that standardizes abbreviations, acronyms, and
terms to the extent possible, and (2) methods of applying failure
modes and effects analysis to labeling and packaging.

• Additional study of optimum designs for all drug labeling and
information sheets to reflect human and cognitive factors should be
undertaken. Methods for testing and measuring the effects of these
materials on providers and consumers should also be established,
including methods for field testing of the materials. The FDA, the
National Library of Medicine (NLM), and industry should work
with consumer and patient safety organizations to improve the
nomenclature used in consumer materials.

• The FDA, the pharmaceutical industry, and other stakehold-
ers should collaborate to develop a strategy for expanding unit-of-
use packaging for consumers to new therapeutic areas. Studies
should be undertaken to evaluate different unit-of-use packaging
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and design approaches that will best support various consumer
groups in their medication self-management.

• AHRQ should fund studies to evaluate the impact of free
samples on overall patient safety, provider prescribing practices,
and consumer behavior (e.g., adherence to the medication regi-
men), as well as alternative methods of distribution that can im-
prove safety, quality, and effectiveness.

Naming, Labeling, and Packaging

Drug names that look or sound alike increase the risk of medication
errors (Cohen, 2000). Confusion over the similarity of drug names for pre-
scription, generic, and over-the-counter (OTC) products accounts for up to
25 percent of all errors reported to the U.S. Pharmacopeia (USP) (NCC
MERP, 2001). Abbreviations, acronyms, certain dose designations, and other
symbols used for labeling also have caused a number of errors (FDA, 2005b).
Even the layout and presentation of drug information on the drug container
or package label can be visually confusing, particularly when designed for the
marketplace instead of clinical practice. From January 2000 to March 2004,
close to 32,000 reports were submitted to USP’s MedMarx Reporting System
that linked errors to look-alike or sound-alike drug names (Santell and Camp,
2004). The Joint Commission on Accreditation of Healthcare Organizations’
(JCAHO) National Patient Safety Goals reference several look-alike/sound-
alike generic drug names that have contributed to 9 of 10 serious medication
errors in the hospital setting (JCAHO, 2006). And labeling and packaging
issues were cited as the cause of 33 percent of errors, including 30 percent of
fatalities, reported to the USP–Institute for Safe Medication Practices (ISMP)
Medication Error Reporting Program (MERP) database (USP, 1998). Box 6-
2 outlines the major problems in drug naming, labeling, and packaging that
contribute to medication errors. Addressing these problems requires under-
standing the processes and requirements involved in naming, labeling, and
packaging drug products.

Drug naming is a complex process. Each drug has multiple names
assigned by different organizations for different purposes (Berman, 2004).
The chemical name is assigned by the International Union of Pure and
Applied Chemistry and identifies molecular structure. It serves the needs of
scientific researchers. The nonproprietary or generic name is assigned by
the United States Adopted Name Council (USAN) using a series of guide-
lines to ensure uniformity and safety.2 These guidelines require that the

2The World Health Organization (WHO) coordinates international  efforts to create a
single worldwide standard and has established an International Nonproprietary Name (INN)
for every product (Berman, 2004).
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BOX 6-2
Examples of Major Naming, Labeling,

and Packaging Problems

• Brand names that look alike or sound alike—Celebrex® (celecoxib),
Cerebryx® (fosphenytoin), and Celexa® (citalopram) (Zoeller, 1999). Celebrex® is
a nonsteroidal anti-inflammatory drug; Cerebryx® is an intravenous antiepileptic;
and Celexa® is an antidepressant.

• Generic names that look alike or sound alike—Amrinone (used to treat
heart failure) and Amiodarone (an antiarrythmic). Amrinone was renamed In-
amrinone to avoid confusion with Amiodarone (FDA, 2005b).

• Different formulations with the same brand name—Dulcolax (bisa-
codyl—a stimulant laxative) and Dulcolax (docusate—a stool softener).

• Different formulations of a generic drug—Four different versions of am-
photericin B products are on the market—conventional amphotericin B (Ampho-
cin®, Fungizone®, and a generic), amphotericin B cholesteryl sulfate complex
(Amphotec®), amphotericin B lipid complex (Abelcet®), and amphotericin B lipo-
somal (AmBisome®) (USP, 2005).

• Multiple abbreviations to represent the same concept—The extended-
release version of a drug can use any number of different suffixes (e.g., LA, XL,
XR, CC, CD, ER, SA, CR, XT, SR) to indicate long-acting or slow, delayed, or
extended release (Berman, 2004).

• Word derivatives or abbreviations that can be confused—Similar pre-
fixes (e.g., chlor-, clo-) (Aronson, 2004) can be misinterpreted, as can abbrevia-
tions used for labeling (e.g., AD [aura dexter or right ear] can be confused with “as
directed,” OD [oculus dexter or right eye], QD [once daily], and PO [by mouth])
(ISMP, 2002).

• Unclear dose concentration/strength designations—The contents of a
20 ml, 40 mg/ml gentamicin vial can be mistaken for a 40 mg/ml vial single dose
(Cohen, 2000).

• Lack of terminology standardization—Use of the term “concentrate” for
oral morphine sulfate products is inconsistent among manufacturers. Roxanol
Concentrated Oral Solution and Roxanol-T Concentrated Oral Solution (with tint-
ing and flavoring) both contain morphine sulfate 20 mg/ml, but one is expressed
as 20 mg/5 ml. A nurse could easily misread the label and think they are the
same.

• Use of symbols that can be confused—Symbols such as the ampersand
(&) and the slash mark (/) can be misidentified as numbers (Cohen, 2000; JCAHO,
2003).

• Cluttered labeling, small font, and serif typeface resulting in poor
readability of printed information—Containers with labels that have line after
line of small print, identical-looking text, and extraneous, unnecessary commercial
information are difficult to read and to differentiate from others that look similar
(Cohen, 2000). Serif typeface is more difficult to read correctly than sans serif.
At home, older adults also have difficulty reading cluttered labels (Wogalter and
Vigilante, 2003).

• Lack of adequate background contrast—Drug information printed di-
rectly on a clear product container (e.g., vial, intravenous bag) is extremely difficult
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appropriate name stem from a standardized list and be incorporated into
the generic name to give clinicians some indication of the chemical and/or
therapeutic characteristics of the drug (USAN, 2005). The official title of a
medication is determined by the USP Expert Committee on Nomenclature
using the nonproprietary name plus dosage, formulation, and route of
administration.3 The proprietary or brand name is created by pharmaceuti-
cal companies to facilitate brand recognition and promote brand loyalty
(Berman, 2004). The brand name for a drug may be different among coun-
tries, and drugs marketed by more than one pharmaceutical company may
have more than one brand name (Hoffman and Proulx, 2003). Neverthe-
less, all drugs are promoted and marketed in the United States to providers
and consumers under their brand name, although many providers and
payers prefer to use the nonproprietary name.

Mixups resulting in medication errors can occur with either generic or
brand names. In cases where the generic names are similar, the brand name
can be used to differentiate products. Brand names are almost always easier
to pronounce, spell, and remember than generic names (Cohen, 2002). The
reverse is also true: similar brand names can be differentiated by using or
including the generic name. In very rare cases the generic and brand names
are similar for a particular drug. Thus, using both the generic and brand
name is one of the easiest means of decreasing the likelihood of medication
errors due to name confusion (Cohen, 2000; Hoffman and Proulx, 2003;
Berman, 2004). It is particularly important to use both names when a drug
has been involved in a name mix-up that led to an adverse event.

to read and violates an established standard.* Depending on the color of the print,
the background, and lighting conditions, labeling may be illegible (Cohen, 2000).

• Inadequate prominence of reminders and warnings—In some cases,
warnings are nonexistent or not prominently displayed.

• Overemphasis on company logos and trade dress—Occasionally, com-
pany information is more prominent than information identifying the product, con-
centration/strength, and total volume (Berman, 2004).

*Standard D4267-89, established by the American Society for Testing and Materi-
als, requires manufacturers to use contrasting type for the proprietary and estab-
lished names of a drug, and for the amount of the drug per unit and either the
immediate drug container or an opaque background (ASTM, 1988).

3USP also works with WHO and USAN to assess the utility and safety of generic drug
names.
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Because generic names are assigned from a limited list of word stems,
there are a limited number of ways to represent a drug, increasing the
likelihood that a name similar to that of another drug will be selected.
Analysis is usually based on peer review. In contrast, brand names are
cleared and trademarked4 through the U.S. Patent and Trademark Office.
In addition, brand names are analyzed by pharmaceutical companies them-
selves and the FDA (after submission of a regulatory approval application)
using failure modes and effects analysis (FMEA). FMEA is a systematic
approach used to identify and prevent product and process problems before
they occur (IOM, 2004). With FMEA, a topic (e.g., drug name) is analyzed
using a flow diagram of each step involved in the processes and subpro-
cesses affecting the end user (e.g., using the drug in the clinical setting). A
failure analysis is conducted to identify all possible points (i.e., modes) and
causes of an error, and the severity and probability of each error. The final
evaluation determines which modes to eliminate, control, or accept, and
actions that can be taken to eliminate or reduce the error. If the company
decides that the benefit/risk of the drug name is acceptable, it obtains a
trademark for that name and includes the name in its application for regu-
latory approval.

From that point, the FDA’s Division of Medication Errors and Techni-
cal Support (DMETS) reviews brand names for prescription and certain
OTC drugs to determine the potential for naming-related medication errors
(FDA, 2005b).5 The FDA’s FMEA review includes several evaluations. First,
FDA staff undertake a handwriting and verbal analysis (through internal
testing) to determine the degree of confusion in visual appearance or pro-
nunciation between the brand name and the names of other products on the
market. Second, the FDA uses a computer software tool, the Phonetic
Orthographic Computer Analysis (POCA) program, to identify names with
similar spelling, letter strings, or syllables. Third, additional risk informa-
tion (e.g., overlapping strengths, dosage forms, dosing recommendations,
indications for use) and container labeling/packaging are evaluated (but not
using FMEA) to identify areas of potential confusion and improvement
(FDA, 2005a). When errors occur after approval, DMETS has limited abil-
ity to require manufacturers to make name or labeling changes.

Generally, FMEA is not used by either pharmaceutical companies or
the FDA to evaluate external labeling and packaging. As a result, many of
the problems listed in Box 6-2 (e.g., cluttered labeling, small font, serif

4The U.S. Patent and Trademark Office examines the similarity between new and existing
trademarks in terms of appearance to avoid infringing on an established trademark (Berman,
2004).

5Brand names for OTCs are analyzed only for a drug that is a prescription-to-OTC switch
for which an NDA exists, or for an NDA or Abbreviated New Drug Application (ANDA).
The brand names of monograph drugs do not undergo FMEA analysis.
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typeface, lack of background contrast, inadequate prominence of reminders
and warnings, overemphasis on company logos and trade dress) continue to
have a direct effect on the readability and comprehensibility of product
labels, and hence on rates of medication errors (Cohen, 2000; Berman,
2004). An important example is the redesign of the labels for potassium
chloride concentrate. The older bottle label was poorly designed and looked
very similar to the label for dextrose. Many mix-ups between potassium
chloride concentrate and dextrose occurred that resulted in fatalities (Cohen,
2000). The labeling was redesigned to eliminate clutter and emphasize the
drug name, concentration, and warnings. Another example is lidocaine
hydrochloride, used for cardiac arrhythmias, which is administered via a
loading dose followed by a continuous intravenous infusion (Berman,
2004). The prefilled 100 mg syringes (most common loading dose) were
frequently confused with the prefilled 1 or 2 g syringes (for injection into a
bag of 5 percent dextrose) because of similarities in appearance and design.

When problems with labeling and packaging do occur, they are usually
addressed on a case-by-case basis, if at all. An exception to this policy is related
to the labeling for small vials and injection syringes and for high-alert medica-
tions, which are particularly susceptible to errors due to such problems (Cohen,
2000). In 1994, a USP–FDA advisory panel made a number of recommen-
dations for improving labeling and safety for injectable medications (http://
www.nccmerp.org/council/council1997-09-16.html). Because USP functions as
a standards organization for medication safety, most companies are complying
with these recommendations and a few others cited in the Code of Federal
Regulations (e.g., replacing “Federal Law Prohibits Dispensing without a Pre-
scription” by “Rx Only”). In 1997, following the USP–FDA lead, the National
Coordinating Council for Medication Error Reporting Programs developed a
set of general recommendations for improving the labeling and packaging of all
drug products. However, these are just recommendations and not formal re-
quirements or standards, and compliance is inconsistent.

Once a product is on the market, adjustments to naming, labeling, and
packaging are made only when providers and patient safety experts exert
significant effort to get problems acknowledged and accepted by industry
and FDA representatives. In many instances, however, known problems
continue to be inadequately addressed over extended periods of time. For
example, from 2000 until the present, ISMP, USP, and the Centers for
Disease Control and Prevention (CDC) have notified the manufacturer and
the FDA about repeated medication errors due to labeling confusion be-
tween tetanus toxoid and tuberculin vaccines (ISMP, 2005). Vaccine mix-
ups can place hundreds, if not thousands, of patients at risk for serious
ADEs. For about a year, the response by industry and the FDA to the error
notification was that “providers should read the label.” The FDA did pro-
duce a safety video on the vaccine mix-up, but errors continued to be
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reported. When the manufacturer sent the FDA a revised label for approval,
it remained at the agency for 6 months without action being taken. More-
over, when the change in labeling was finally approved, the FDA would not
discuss it and did not notify patient safety organizations or the public about
it. This example illustrates the problems that can occur when human fac-
tors issues are not incorporated into labeling and packaging designs, and
communications about problems are not transparent.

The FDA has held public meetings to address some of the problems
identified above (e.g., naming, need for color coding). Progress is being
made incrementally on certain naming issues. For example, the FDA has
instituted a requirement that medications have bar codes to facilitate accu-
rate drug dispensing and administration. And at the FDA’s request, the
generic drug industry agreed to use a mix of upper- and lowercase letters to
highlight the differences between similar generic names, such as vinBLAStine
and vinCRIStine (FDA, 2005b). Still, an overall guidance document that
formally and comprehensively advises companies on naming, labeling, and
packaging for safety has not yet been produced. As a consequence, there is
great inconsistency among products and companies as regards follow-
through on the detailed aspects of labeling and packaging that can reduce
medication errors. In contrast, the National Health Service in the United
Kingdom recently released Guidance Note 25: Best Practices for Labeling
and Packaging of Medicines, which expanded requirements to increase the
clarity and safety of drug labeling on external packaging and blister pacs
(MHPRA, 2003). This document addresses several of the issues (e.g., font
size, color, design) discussed at FDA public meetings.

The proliferation of manufacturers, medications, formulations, and
doses will likely continue, increasing providers’ difficulties in differentiating
drug products (Berman, 2004). Thus, a formal action plan to address nam-
ing, labeling, and packaging problems is critical to improving the safety of
medication use.

The committee believes strongly that industry and the FDA should take
several specific actions to address the remaining key problems with drug
naming, labeling, and packaging (see Box 6-3). This proposed action plan is
founded on two overarching principles:

• Product naming, labeling, and packaging should be designed for the
end user—the provider in the clinical environment and/or the consumer.

• Safety should always take precedence over commercial interests.

Unit-of-Use Packaging

Chapter 4 examines one possible way of improving consumers’ medi-
cation self-management—redesigning pharmacy containers and warning
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BOX 6-3
Actions to Improve Drug Naming, Labeling, and Packaging

• Drug-naming terms should be standardized to the extent possible to im-
prove safety and minimize misinterpretation. Thus, a controlled vocabulary for
certain drug-naming terms should be developed and implemented. Organizations
that have been working in this area (i.e., U.S. Pharmacopeia [USP], Institute for
Safe Medication Practices [ISMP], Joint Commission on Accreditation of Health-
care Organzations [JCAHO]) should work with industry and the Food and Drug
Administration (FDA) to formalize a single vocabulary. All companies should be
required to use the controlled naming terminology. The terms decided upon should
be integrated with the efforts of the National Committee on Vital and Health Statis-
tics to formulate standardized drug terminologies for the national health informa-
tion network (NCVHS, 2003).

• Failure modes and effects analysis (FMEA) should be required as part of
the design and assessment of labeling and packaging for all prescription drug
products. For example, warnings and reminders should be clearly displayed and
highlighted, and logo size and placement should not interfere with readability. In-
dustry, the FDA, third-party organizations (e.g., USP, ISMP), and others should
collaborate to develop FMEA methods for drug labeling and packaging. This effort
should involve practitioners as well as expert panels external to the FDA and the
drug sponsor to ensure that real-world conditions are considered in the analysis.
In turn, industry should fulfill these requirements and submit the results of FMEA
as a required part of the New Drug Application (NDA)/Abbreviated New Drug Ap-
plication (ANDA). When the safety of proposed labels and packaging remains a
concern to the FDA, additional requirements should be imposed.

• A new coordinated effort should be undertaken by the FDA, USP, ISMP,
and Pharmaceutical Research and Manufacturers of America (PhRMA) to exam-
ine the problems associated with drug naming, labeling, and packaging, and to
develop a plan of action for addressing those problems by the end of 2007. This
effort should include regular meetings among the parties involved to address newly
reported medication errors related to these problems. A means should be devel-
oped for effectively communicating about medication errors to practitioners, regu-
latory authorities, standards organizations, and manufacturers when such errors
are reported by consumers or providers, as well as for obtaining a response from
the manufacturer to the FDA and the other parties that identifies necessary steps
to resolve the problem(s) identified. The plan also should establish time limits on
negations, voting, and implementation of new measures.

• By the end of 2006 or early 2007, the FDA should publish two comprehen-
sive guidance documents: one on naming, and the other on labeling and packag-
ing. The agency should work with USP, ISMP, and PhRMA to develop specific
measures for each of these documents. The documents should address such is-
sues as acceptable and nonacceptable naming practices; the procedure for chang-
ing names, labeling, and packaging after marketing as a result of high rates of
medication errors; how warnings should appear on labels; the use of suffixes to
modify various dosage forms that share the same drug name; and the placement
of information, such as company names and logos, that may distract readers.

• The FDA should improve communication between Office of Drug Safety
staff and others at all levels within the agency. In addition, the FDA’s expert group

continued
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labels. Another method is the provision of medications to consumers in
unit-of-use packaging. Unit-of-use packaging refers to drug products sup-
plied in containers that provide enough medication for patients’ use during
a specified time interval (Szeinbach et al., 2003). The unit can be dispensed
directly to a patient without pharmacists’ repackaging or modification other
than the application of a prescription label6 (USP, 1993).

The most common forms of unit-of-use packaging for solid medica-
tions (tablets or capsules) are (1) the blister pack—a sheet of 10 to 30
individually wrapped doses of a particular medication (more than one sheet
may be dispensed to the consumer); (2) the calendar blister pack of indi-
vidually wrapped doses, organized for administration according to a calen-
dar, such as that used for oral contraceptives; and (3) the multidose packet
or sachet, which contains doses of more than one medication (Ientile et al.,
2004). Semisolids (creams) and liquids are typically packaged in unit-of-use
plastic tubes or ampoules.

for product-related safety issues should have a greater say in final decision mak-
ing on such issues. The agency also needs to engage in more interactive commu-
nication with patient safety organizations (e.g., USP, ISMP) about known/reported
serious drug safety problems.

• Industry should provide patient safety organizations (e.g., ISMP, USP) with
complete contact information (i.e., names and telephone numbers) for specific
company representatives or a company division to improve communication about
reported product-related safety issues (e.g., labeling and packaging). Currently on
official correspondence, company representatives may use a first name only and/
or omit a contact number.

• Additional research applying the principles of human factors engineering
and cognitive psychology should be undertaken to study error prevention strate-
gies such as the use of color, contrast, tall man letters,* and hazard statements
and warnings on labels.

• For all consumer-related materials, research should engage experts in
communications and health literacy to facilitate the development of designs and
ways of presenting information that support readability, comprehensibility, and
usefulness.

*The printing/writing of sections of words in capital (“tall man”) letters to emphasize differences
between similar words (e.g., EPINEPHrine and ePHEDdrine).

6Unlike a unit-dose package or container that holds just enough medication for one dose, a
unit-of-use package contains enough medication for the duration of a specified therapeutic
regimen (Szeinbach et al., 2003).
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Unit-of-use packaging is employed broadly for both prescription and
nonprescription drugs in Europe, Australia, Asia, and Latin America as an
important part of product approval requirements (Ientile et al., 2004).
There are several reasons for instituting unit-of-use packaging standards.
First, such packaging promotes child safety by providing greater protection
against death or serious injury from accidental poisoning (HCPC, 2003).
Second, because medicines are often distributed in the manufacturer’s origi-
nal packaging, errors that occur as a result of repackaging at the pharmacy
can be minimized or prevented (HCPC, 2003). Third, several studies have
shown that unit-of-use packaging is easier for consumers to use, facilitates
more accurate self-administration, and improves adherence to treatment
regimens (including complex regimens) and health outcomes (Becker et al.,
1986; Wright et al., 1999; Huang et al., 2000; Simmons et al., 2000).
Lastly, unit-of-use packaging is “tamper evident” (i.e., it is easy to detect
product tampering), which can reassure consumers of product safety amidst
growing concern about contamination or counterfeits (Allen, 2002).

In the United States, only certain medicines, such as oral contracep-
tives, azithromycin, prednisone, and many OTCs, are packaged in this
manner (Schneider et al., 2006). Some vitamin and supplement combina-
tions are available in multidose packets. Though the positive effect of unit-
of-use packaging on many aspects of medication use are well documented
in Europe and other regions, fewer than 20 percent of all prescription and
OTC drugs in the United States are produced in blister packs (Erickson,
1998). Until recently, a few practical issues hindered more widespread
adoption in the United States: (1) the cost to shift manufacturing from bulk
distribution to unit-of-use packaging; (2) limited space and storage in com-
munity pharmacies; (3) rigidity of dispensing, making it more difficult to
customize doses for patients; and (4) the lack of regulatory requirements
(Allen, 2002). Changes taking place in the marketplace are now addressing
many of these issues: (1) passage of the FDA’s final rule requiring unit-dose
packaging and bar codes for all medicines distributed to hospitals (FR,
2004); (2) growth in the number of repackaging companies, resulting in
competitive pricing for such services; (3) a shift among community pharma-
cies to just-in-time inventories; (4) advances in packaging machinery, mak-
ing unit-of-use packaging more efficient and less costly; and (5) revisions to
and adoption of international packaging standards by manufacturers (Allen,
2002; HCPC, 2003; FG, 2003). Some are even predicting that the higher
costs of unit-of-use packaging could be offset by increased adherence and
decreased waste (Valero, 2005). Current trends suggest that unit-of-use
packaging will generate the highest worldwide growth prospects among all
pharmaceutical packaging products (FG, 2003) and gain momentum in the
United States, possibly achieving the same level of use as in European and
other countries where it is standard (Szeinbach et al., 2003).
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The potential to improve patient safety and prevent errors has gener-
ated interest among U.S. regulators, providers, consumers, industry repre-
sentatives, and other stakeholders in expanding unit-of-use packaging to
medications for chronic conditions (Schneider et al., 2006). The strategy of
using calendar blister packs could help large numbers of patients (including
seniors, children, and those challenged by cognitive, physical, or functional
impairment) take their medication more reliably and safely and enhance
their treatment outcomes. In a 2003 survey of state boards of pharmacy,
two-thirds of respondents expressed their belief that unit-of-use packaging
would improve efficiency, reduce errors in dispensing, improve patient com-
pliance, and increase opportunities for patient counseling (Szeinbach et al.,
2003). Schneider and colleagues (2006) believe that packaging prescription
medicines in easy-to-remember forms should be an important component
of health care redesign for quality and safety.

The committee believes that stakeholders should collaborate to develop
a strategy for expansion of unit-of-use packaging to new therapeutic areas.
Additional head-to-head studies should be undertaken to evaluate various
approaches to unit-of-use packaging and determine optimum designs to
support different consumer groups in their medication self-management.

Distribution of Free Samples

The prescription drug industry defines a drug sample as “. . . a package
containing a limited quantity of pharmaceutical product sufficient to evalu-
ate clinical response, distributed to authorized health care practitioners free
of charge, for patient treatment” (Groves et al., 2003). Such distribution of
samples to physicians during detailing visits is the number one promotional
tool used by industry. According to IMS Health, the estimated retail value
of free product samples distributed in 2003 was over $16 billion (IMS
Health, 2004). The actual cost to the manufacturer is much less, however—
about 20 to 30 percent of the retail price (Petersen, 2000).

Few studies have been conducted to evaluate the true impact of the
distribution of drug samples (Groves et al., 2003). Those studies that have
been carried out have found conflicting attitudes about the use of free
samples (Chew et al., 2000). Some early studies emphasized the benefits of
the practice, including allowing physicians to start patients on medications
quickly, to evaluate early effectiveness or adverse effects, to adjust pre-
scribed doses before a full prescription is filled, to offset the cost of drugs to
indigent and underinsured patients, and to demonstrate appropriate use to
patients (Rasmussen, 1988; Weary, 1988). One more recent study high-
lighted the benefits of a sample pack in helping consumers detect a drug
dispensing error because of visual familiarity with the product (Dodds-
Ashley et al., 2002). Visual familiarity can change, however, when a generic
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product is dispensed, particularly since generics are manufactured by mul-
tiple different vendors, and have different colors (and sometimes shapes) to
differentiate among competitors.

Historically, concerns about the safety of sample use were focused
on the products themselves—on diversion of samples to the wholesale mar-
ket for repackaging and retail sale, as well as outright counterfeiting
(Rasmussen, 1988). Attempts by Congress to pass legislation banning or
regulating the distribution of free samples were unsuccessful, and these
concerns persist. In general over the past decade, there has been growing
unease among the provider community and others about the use of samples
and their direct effects on physician behavior and medication safety (see
Box 6-4) (Chew et al., 2000).

Because sampling is reserved for newer, higher-priced, brand-name
drugs, prescribing is skewed toward these drugs (versus generics, older
drugs, or OTC medications). Overall health expenditures increase as a
result of the cost of additional office visits to obtain more samples or the
higher cost of the prescription (Taira et al., 2003).

In efforts to lower prescription drug costs to payers, several insurers,
such as BlueCross BlueShield, have recently started to provide free samples
of generics to health care providers to encourage use of these products
(Davia, 2003; Sipkoff, 2003). The free generic samples are supplied on a
trial basis for consumers who are currently using a brand name version or

BOX 6-4
Safety Issues Related to the Distribution of Free Samples

A number of critical medication safety and quality-of-care issues related to the
distribution of product samples can contribute to errors:

• Physician disregard of evidence-based guidelines
• Prescribing based on samples rather than clinical appropriateness or the

physician’s preferred drug choice
• Prescribing of products not in hospital or managed care formularies
• Drug switching based on availability of samples rather than clinical need
• Inability of patients to receive the benefit of pharmacy services (e.g., drug

interaction checking) and counseling
• Information gaps in health plan and pharmacy database systems
• Poor documentation in medical records
• Nonreporting of adverse effects
• Unregulated handling and dispensing of samples by physicians

SOURCE: Chew et al., 2000; Groves et al., 2003; Taira et al., 2003.
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are about to start a new treatment. Other practices traditionally in the
realm of brand name manufacturers, including aggressive advertising and
voucher campaigns, are being used by payers to promote generics. Insurers
mail thousands of vouchers to members, along with educational materials
to help consumers understand the FDA review process for approving gener-
ics, as well as brand–generic comparative pricing information. Consumers
bring the vouchers to their provider and receive the generic sample if clini-
cally appropriate.

Comprehensive change in the delivery of free samples for prescription
drugs is important to ensuring safety and quality in the medication-use
system. Increasing numbers of health care providers are either banning drug
samples altogether or experimenting with alternative means of dispensing
them (Blumenthal, 2004; Simon et al., 2005; Brennan et al., 2006). Alterna-
tives being evaluated include the use of coupons or vouchers to receive a
sample dispensed by the pharmacy, policies restricting samples, and a smart-
card system (Paterson and Anderson, 2002; Groves et al., 2003). Brennan
and colleagues (2006) recently advocated a total ban on the direct provision
of samples to physicians, and the institution of a voucher system for low-
income patients or other arrangements that would distance a company and
its products from physicians (Brennan et al., 2006). Some health care orga-
nizations have already instituted voucher systems. For example, the Univer-
sity of Wisconsin Hospital now uses a voucher program to replace free
samples from drug companies (Charatan, 2001). Vouchers issued to pa-
tients at the hospital cover part of the cost of their prescription drugs.
Participating manufacturers reimburse the hospital pharmacy for brand-
name drugs, but the hospital pays for generic medications. The Everett
Clinic in Washington State also has implemented a voucher program, which
it believes has allowed greater assistance to the uninsured and financially
impoverished (Charatan, 2001). Technology companies such as TrialCard
Inc. (smart cards) and eMedRx (electronic prescribing) are developing sys-
tems to deliver pharmaceutical company coupons and vouchers electroni-
cally to physicians and/or pharmacies (Levy, 2002; Security Biometrics,
Inc., 2004). Extensive studies are needed to evaluate the impact of free
samples on physician and consumer behavior and patient safety and deter-
mine alternative methods of distribution.

MEDICAL DEVICE AND HEALTH INFORMATION
TECHNOLOGY INDUSTRIES

Information technology systems and applications are valuable tools
that can improve the safety and quality of care across the medication-use
continuum. Some drug-related technologies are already in use, including

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

ACTION AGENDA FOR THE INDUSTRIES 287

knowledge-based systems used for laboratory and pharmacy data, patient
safety reporting systems, infusion pumps, and applications for computer-
ized provider order entry (CPOE) and electronic prescribing (IOM, 2004).
Bar code medication administration systems have been implemented in
some institutions. A key feature of pharmacy database systems, infusion
pumps, and bar code and decision-support applications is the alert function
that warns clinicians of potential medication safety problems. In general, a
fully developed set of drug alerts includes drug–dose defaults, drug–dose
checking, allergy checking, drug interaction checking, drug–laboratory
checking, drug–condition checking, and drug–diet (food) checking. Other
rule-based alerts (e.g., a required laboratory test for the use of particular
drug) and automated surveillance for ADEs and near misses also are impor-
tant to improving safety and reducing errors. Yet most providers currently
use these technologies as independent, stand-alone systems rather than as
integrated components of comprehensive clinical information systems—the
overarching goal in building the national health information infrastructure
(IOM, 2004). Nurses rely on the medication administration record gener-
ated by infusion and bar code systems to administer medications; physi-
cians rely on CPOE and, if linked, pharmacy database systems for prescrib-
ing; and pharmacists rely on their databases for preparation and dispensing
of prescriptions. As a result, each component of the medication use-system
remains compartmentalized, increasing safety risks.

The lack of common drug information standards and integration of
pharmacy database, decision-support, infusion, and bar code systems can
have particularly devastating effects on patient safety (Patterson et al.,
2002; Han et al., 2005; Koppel et al., 2005). For example, Koppel and
colleagues (2005) found that medication errors increased as a result of data
fragmentation, failures of system integration, and poorly designed human–
machine interfaces. Because all of the above systems produce medication
administration records, they must be able to communicate with each other
to produce a comprehensive view of the patient’s medication regimen. If
they operate as stand-alone systems, no one has the full medication admin-
istration record, and clinicians have incomplete information.

Recommendation 5: Industry and government should collaborate
to establish standards affecting drug-related health information
technologies. Specifically:

• The NLM should take the lead in developing a common drug
nomenclature for use in all clinical information technology
systems, based on standards for the national health information
infrastructure.
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• AHRQ should take the lead in organizing mechanisms for
safety alerts according to severity, frequency, and clinical impor-
tance to improve clinical value and acceptance.

• AHRQ should take the lead in developing intelligent prompt-
ing mechanisms specific to a patient’s unique characteristics and
needs; provider prescribing, ordering, and error patterns; and
evidence-based best-practice guidelines.

• AHRQ should take the lead in developing user interface de-
signs based on the principles of cognitive and human factors and
the context of the clinical environment.

• AHRQ should support additional research to determine speci-
fications for alert mechanisms and intelligent prompting, as well as
optimum designs for user interfaces.

Data Standards

Unresolved problems with data standards inhibit the development and
use of drug-related technologies, especially the alert functions described
above. Data standards serve as the basis for representing and exchanging
information electronically. Uniform data standards act as a common lan-
guage, allowing communication and interoperability between different tech-
nologies. For example, a CPOE application on a handheld personal digital
assistant (PDA) must be able to communicate with a pharmacy database
system to process an electronic prescription. Although different types of
data standards serve different functions, uniformity in the representation of
similar data is required to optimize the usefulness and efficiency of tech-
nologies among systems and institutions.

Four problems are associated with data standards for drug informa-
tion. First, there is no complete, standardized set of terms, concepts, and
codes to represent drug information. Providers compensate for this lack of
standards by piecing together different, incomplete datasets from multiple
vendors, standards organizations, and internal sources. Second, there is no
standardized method for presenting safety alerts, which should be ranked
according to severity and/or clinical importance. Instead, providers are
inundated with too many nonrelevant alerts, resulting in alert fatigue and
high rates of alert overrides (Glassman et al., 2002; Hsieh et al., 2004).
Third, systems lack intelligent or intuitive mechanisms for recognizing
patient-specific data and relating those data to allowable overrides, such as
those associated with a particular patient and drug allergy alert or duplicate
therapy request (Abookire et al., 2000). Fourth, the bar codes stamped on
drug packaging labels are designed differently by each vendor. Resolving
these problems requires standardization on several levels: drug nomencla-
ture, organization of alerts, intelligent prompting, and bar coding.
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Drug Nomenclature

As the group overseeing the development of national data standards to
support the technologies composing electronic health record systems, the
National Committee on Vital and Health Statistics (NCVHS) should ensure
that the appropriate organizations formulate a comprehensive set of stan-
dards for drug information (IOM, 2004). These standards should accom-
plish the following:

• Representation of all attributes of a drug needed for electronic com-
munication about prescriptions, medication administration, and monitoring

• Representation of drug data specified according to the clinical needs
of a specific patient population (e.g., pediatric, geriatric, pregnant women,
those with renal or hepatic impairment)

RxNORM, developed by the NLM, standardizes certain components
of the clinical drug nomenclature—active ingredient, strength, physical
form, and dosage form. Work also is being carried out by the Veterans
Health Administration (VHA) and the NLM to complete the national drug
file reference terminology (NDF-RT), which will standardize many addi-
tional components (see Figure 6-1 and Box 6-5). NCVHS has designated
RxNORM and NDF-RT as the core clinical drug nomenclature for elec-
tronic health records and the national health information network. How-
ever, these terminologies have not been widely adopted by most technology
vendors or provider groups. Moreover, critical information needed for alert
functions and for specific patient populations (e.g., dose limits, units of
measure) have not been developed for NDF-RT. In the interim, proprietary
standards for drug alerts developed by different pharmacy database ven-
dors (e.g., First Data Bank, Multium) are being used in decision-support
applications since they are the terminologies that cover the widest range of
attributes listed in Table 6-1. To facilitate the transition to a standardized
drug nomenclature, the NLM is planning to map the NDF-RT terminology
to pharmacy database terminologies.

A similar effort is needed to address the lack of standardization among
the drug terminologies used in medical devices (i.e., infusion pumps, patient-
controlled analgesia [PCA]) and bar code medication administration sys-
tems. Infusion pumps with smart-pump technology contain datasets for
drug libraries and error reduction software that facilitates programming of
standardized concentrations, approved dosing units, general drug informa-
tion, and dose limits (Vanderveen, 2005). The needs of specific populations
(e.g., neonates, pediatric populations) can be addressed within one infusion
system by programming the drug libraries to reflect the characteristics of
the patient. However, the drug libraries used in smart-pump software are
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uploaded by each hospital using drug terminology from the pharmacy data-
base system of choice. The device’s software program helps organize the
data, but each hospital determines how the drug terminology will be used
by its staff. Bar code medication administration systems are no different;
they rely on the National Drug Code (NDC) for the bar code used on
external package labels and on software programs that allow hospitals to
upload drug terminology to generate drug alerts.

The lack of common data standards among provider organizations not
only prevents systems from communicating with one another, but also
compromises the comparability of data from one organization to another,
as well as epidemiological analysis of medication errors and ADEs in all
health care settings. To remedy this problem, the NCVHS, the NLM, and
the VHA need to develop a strategy for completing the development of all
attributes of a comprehensive drug nomenclature. Once this standardized

FIGURE 6-1 Veterans Health Administration’s national drug formulary reference
terminology.
NOTE: See Box 6-5 for a discussion of this figure.
SOURCE: Brown, 2006
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BOX 6-5
Overview of the Veterans Health Administration’s National

Drug Formulary Reference Terminology (NDF RT)

Figure 6-1 depicts NDF-RT, a drug terminology knowledge base derived from
the U.S. Department of Veterans Affairs’ (VA) National Drug File. NDF-RT was
developed over the past 5 years with input from a variety of government and other
stakeholders. The figure outlines NDF-RT’s structure, and may be interpreted as
follows. Each triangle represents a hierarchy of related concept definitions, with
labels explained below. Thick arrows represent additional hierarchical connec-
tions. Solid black and dotted arrows represent semantic relationships. The trian-
gles represent data contained in NDF-RT.

The heart of NDF-RT is labeled VA Product, such as ASPIRIN 325MG ORAL
TABLET. The VA Product is generally equivalent to the RxNORM Semantic Clin-
ical Drug. Each VA Product is a “child” of two separate parents, a VA Class (e.g.,
ANALGESICS) and a Drug Preparation (e.g., ASPIRIN PREPARATIONS). Drug
Preparations are described by relationships to their Mechanism(s) of Action (MoA
triangle) (function at the cellular or subcellular level), Physiologic Effect(s) (PE
triangle) (function at the organ, tissue, or body system level), and Disease State
actions (diseases treated, caused, or prevented by the drug).

Each VA Product also is characterized by its therapeutically active Chemical
Ingredient(s), which in turn are characterized according to a structural class. In
addition, each VA Product has a Dose Form (e.g., ORAL TABLET); a VA Dis-
pense Units entry (e.g., TABLET); and a variety of other attributes, including links
to RxNORM and commercial drug knowledge bases (not shown).

For each active ingredient in a VA Product, there is an entry in the Unit Str.
(Unit and Strength) hierarchy (325MG in the aspirin example).

Each VA Product also encompasses some number of Packaged Products,
which are identified by National Drug Code (NDC) numbers from the Food and
Drug Administration (FDA).

Each Packaged Product includes dispensing information, such as Route of
Administration (RoA) (e.g., ORAL, INTRAMUSCULAR), Package Type (Pkg.
Type) (e.g., BOX or BOTTLE), Package Size (Pkg. Size) (e.g., 500, 8 FL OZ), and
Manufacturer (e.g., LILLY, SEARLE).

NDF-RT’s multiaxial hierarchical structure is designed to provide a balance of
rigor in terminology and compatibility with deployed systems, while simultaneously
streamlining the maintenance required to keep pace with the thousands of changes
to drug products that occur each month. Existing and planned extensions to NDF-
RT (not shown) support a variety of clinical decision-support cases, such as dose
adjustment based on individual pharmacogenomic characteristics. Currently, the
VA is extending a commercial terminology management system to support the
semiautomated integration of data from pharmacy personnel, the FDA’s Struc-
tured Product Label (SPL) project, and commercial drug knowledge sources.
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drug nomenclature is completed, the NCVHS should ensure that all ven-
dors incorporate it into their technology software.

Organization of Alerts

Standardizing the organization of alerts in pharmacy database systems,
infusion pumps, and decision-support applications is required to reduce
alert fatigue. The knowledge bases from which drug-related technologies
derive their alerts are often highly inclusive, placing more emphasis on
breadth of coverage than on clinical relevancy or severity of adverse events
(Reichley et al., 2005). Unless alerts are ranked according to a severity–
frequency scale and clinical importance, too many alerts tend to be deliv-
ered. The need to override excessive, inappropriate, nonspecified alerts can
cause clinicians to miss critical safety alerts or to refuse the application
altogether because of disruptions in workflow (van Bemmel and Musen,
1997). By the same token, many overrides are clinically appropriate and do
not lead to ADEs (Hsieh et al., 2004).

Several studies have demonstrated improvements in clinician accep-
tance and reductions in inappropriate alerts through the ranking of alerts
for all technologies (Kilbridge et al., 2001; DHA, 2002; Weingart et al.,
2003; Shah et al., 2006). For example, a study of CPOE systems conducted
by Shah and colleagues (2006) used a three-tiered alert structure:

• Level 1—alerts of the highest severity (i.e., life-threatening or with
the potential to cause permanent damage). Clinicians could not proceed
with a prescription without either eliminating the contraindication or re-
sponding to specific information requested about the patient.

• Level 2—alerts of strong severity (i.e., serious, capable of aggravat-
ing the patient’s condition). Clinicians could proceed if they provided a
reason for an override.

• Level 3—alerts of significant severity (i.e., important for the clini-
cian to know). Clinicians could view clinical information in the alert, but
the alert was noninterruptive.

Rather than using an all-inclusive knowledge base to determine the
alerts, the researchers used a subset of only the most clinically relevant
contraindications that pertained to the ambulatory care setting. Alerts of
moderate to low severity were not included. The result was a significantly
higher rate of acceptance among clinicians (67 percent) than that found in
other studies (11 percent), although acceptance rates differed substantially
by alert type (Weingart et al., 2003; Shah et al., 2006).

Alert fatigue and frequent overrides experienced with infusion pumps
and bar code medication administration systems are no different than those
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experienced with CPOE and pharmacy database systems. Alerts with infu-
sion systems can be of particular concern since the highest percentage of
medication errors is associated with intravenous medicines (Cohen, 2000;
Billman, 2004). Smart-pump alerts may occur during programming or ad-
ministration regardless of whether infusion rate limits are available for the
drug (Malashock et al., 2004). The most common override occurs when the
infusion rate is either above or below the maximum/minimum rate limit
(Malashock et al., 2004). Other alerts can include informing the program-
mer of a duration change, a secondary stop, cancellation of drug selection,
weight change–related dose recalculation, and same-drug infusion on mul-
tiple channels. Alerts can also occur for low battery power, venous occlu-
sion, and similar conditions. The development of methods to rank the alert
functions of infusion pumps could improve their functioning and safety.

While studies have clearly indicated that a tiered severity structure is
important, additional work on how to differentiate, select, and integrate a
separate tier for certain moderate-level alerts is required. A moderate-level
warning may not be clinically important to one patient but may be for
another, or may be important to a patient’s quality of life and adherence to
medication therapy (Ahern and Kerr, 2003). A method for ranking the
most frequent types of ADEs for each severity level also should be incorpo-
rated into the alert structure (Kilbridge et al., 2001; Miller et al., 2005).
There have been many evidence-based studies identifying the frequency and
severity of ADEs that can be used to determine these parameters (Classen et
al., 1997; Forester et al., 2003, 2004; Gurwitz et al., 2005). Miller and
colleagues (2005) suggest that the frequency rating might be based on
percentage of total administrations, or 100 and 1,000 administrations.
Table 6-2 provides a sample of the most common occurrences of alerts and
the reasons for overriding them.

Standardization, however, does not imply rigidity. The alert configura-
tion must remain flexible enough to reflect the inherent variability in clinical
practice, such as the off-label use of a drug. In addition to severity and
frequency, clinical importance is a third essential element of an alert struc-
ture. Alert ranking should be flexible enough to target the needs of specific
patient populations (e.g., pediatric, geriatric) and medical disciplines (e.g.,
oncology, psychiatry) (Fortescue et al., 2003; Grasso et al., 2003). Most
drug-related technologies allow for alert configurations according to patient
age and weight, but are not designed to incorporate other individualized
patient information. Hospital pharmacy database systems are the exception
where laboratory test values can be linked to the patient’s medication man-
agement profile (IOM, 2004). As in the ambulatory care setting, alert rankings
should reflect considerations specific to a patient’s condition or provider’s
medical discipline (e.g., the alert ranking related to drug toxicity may be
different for oncology than for nephrology). Such considerations do not
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imply that known dangerous drug interactions or contraindications will
change; instead, they reflect a recognition that in some cases, certain clinical
preferences should take precedence. Thus, ranking of alerts according to all
three dimensions—severity, frequency, and clinical importance—is necessary.

Intelligent Prompting

Technology that could use intelligent or intuitive mechanisms to prompt
alerts would require the application of additional parameters beyond sever-

TABLE 6-2 Sample of Alert Types, Most Common Occurrences, and
Most Common Reasons for Alert Override

Most Common Occurrences Most Common Reasons
Alert Type of Highest Alerts for Alert Override

Therapeutic • Analgesic (29%) • Transitioning from one
duplication • Psychiatric (26%) drug to another (42%)

• Gastrointestinal (19%) • Long-term therapy with
• Cardiac (17%) combination (21%)
• Endocrine (9%) • Short-term combination (7%)

• Advice from consultant (5%)

Drug–drug • Sildenafil and isorbide mononitrate • Clinician would monitor
interaction • Gatifloxacin and levofloxacin patient (49%)

• Linezolid and methylphenidate • Patient previously tolerated
drug (21%)

• Clinician would adjust dose
as recommended (14%)

• No reasonable alternatives (4%)

Drug– Not documented • Clinician would monitor/
laboratory manage as recommended (67%)

• Most recent laboratory test
results available (18%)

• Patient on dialysis (11%)

Drug– • Hepatic disease contraindications • Patient previously tolerated
disease • Seizure disorder contraindications drug (56%)

• Coronary artery disease • New evidence for use (22%)
contraindications • Advice from consultant

• No reasonable alternative (11%)

Drug– • Isotretinoin • Patient is not pregnant (93%)
pregnancy • Leflunomide • Advice from consultant (1%)

• Misprostol • No reasonable alternative (1%)
• Patient previously tolerated

drug (1%)
• Short-term use (1%)

SOURCE: Shah et al., 2006
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ity and frequency ranking and generalized patient data delineated only by
age and weight. Such intelligent mechanisms would generate alerts specific
to a patient’s unique characteristics and needs; physician prescribing, order-
ing, and error patterns; and evidence-based best-practice guidelines. For
example, a patient might be allergic to one medication in a drug class but
not others (Abookire et al., 2000). The software configuration should rec-
ognize the patient’s unique drug allergy without requiring that an alert be
generated for every drug ordered in that class. As another example, a
physician might have a preference for therapeutic duplication in tran-
sitioning a patient being prepared for discharge. The software configura-
tion should accommodate the duration of the therapeutic duplication and
the specific dosing transition of the two drugs without issuing repeated
alerts requesting the same information. For this type of intelligent prompt-
ing to be possible, drug-related technologies must be linked not only to each
other, but also to more comprehensive clinical information systems.

Incorporating rule-based physician monitoring features within prescrib-
ing systems is considered important for safety and learning. Anton and
colleagues (2004) designed a more structured ranking of message severity
according to seven categories, and system capabilities for monitoring based
on storage functions and unique numbers for each prescription, provider,
and patient. The system creates warnings using the incorporated rules and
maintains a record of every occasion on which an alert is displayed. Each
message can be linked to the user, the individual prescription key, and the
outcome of the warning. Queries of the data were used to assess providers’
proficiency in preventing errors with the system and overall skill in using it
(Anton et al., 2004).

In addition, evidence-based decision-support algorithms are necessary
to ensure the adequacy of software configurations that incorporate specific
protocols for real-time decision making and clinical action (Cole and
Stewart, 1994; Sawa and Ohno-Machado, 2001; Fields and Peterman,
2005; Miller et al., 2005). Ideally, the algorithms should be developed
according to three principles: (1) they should be system tested before full
implementation; (2) they may have to be facility tailored based on process
and workflow; and (3) they should be monitored and updated over time
(Sawa and Ohno-Machado, 2001; Bates et al., 2003; Reichley et al., 2005).
The algorithms, similar to any computer program, can never be finished or
finalized as medicine is always changing; therefore, expiration labeling or
update notices may be helpful to maintain currency.

One method for testing systems is to develop and test software configu-
rations as well as train clinicians using simulation programs. The Anesthe-
sia Patient Safety Foundation is the first medical community to adopt this
technique successfully and apply it to anesthesia information management
systems (AIMS) (Sawa and Ohno-Machado, 2001; Weinger and Slagle,
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2002; Wachter et al., 2003; Pierce, 2006). Anesthesiologists administer
anesthetics and observe the condition of their patients aided by multiple
electronic monitors (e.g., electrocardiograph, pulse-oximeter, blood pres-
sure monitors), which determine real-time decision making and actions.
The AIMS records electronically all data generated by these technologies.
The simulation programs allow clinicians to test themselves under various
surgical situations. More recently, the Leapfrog Group commissioned the
development of a simulation application both to test the decision-support
algorithms of CPOE systems implemented in health care organizations and
to train clinicians (Kilbridge et al., 2006). The methodology simulates dif-
ferent clinical scenarios using a wide variety of test patients and orders to
evaluate how a hospital’s CPOE system responds to unsafe medication
ordering and clinical situations.

Bar Coding

Another area requiring standardization is the bar codes used for drug
labels and bar code medication administration systems. The ability of bar
coding to affect medication error rates depends largely on the ability of
hospitals to scan and interpret the data in the bar codes. A commonly used
standard that scanners can easily read will have a greater impact on patient
safety than a unique symbology that few scanners are programmed to read
(FR, 2004).

A number of different stakeholders—drug manufacturers, distributors,
repackagers/relabelers, manufacturers of bar code medication administra-
tion systems, and hospitals—use bar codes on drug products. As with the
lack of a common drug nomenclature, there is no single, common bar code
standard or symbology. Among hospitals, repackagers, and vendors of bar
code medication administration systems, up to six different bar code stan-
dards are being used, each with its own special characteristics, features, and
methods for encoding product information (see Figure 6-2). This situation
creates several problems. First, the lack of a common standard drives costs
up throughout the drug delivery system, particularly for hospitals that incur
the expense of repackaging/relabeling drugs to the unit dose level and/or
purchasing additional software or technology to read the different bar
codes. Second, error rates associated with hospital relabeling are estimated
at 17 percent nationwide, increasing the risk of ADEs (FR, 2004). Third,
the multitude of standards inhibits integration of clinical systems. Designa-
tion of a single, common bar code standard could resolve these problems.

Efforts to standardize bar codes are linked to a rule establishing federal
requirements for labeling of products down to the unit dose level. In the
rule, the FDA requires all stakeholders using bar codes to choose one of two
standards: (1) European Article Number/Uniform Code Council (EAN/
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UCC) or (2) Health Industry Business Communications Council (HIBCC).
The NDC drug code must be incorporated into the bar code as it will serve
as the unique product identifier. The different codes serve different pur-
poses. The EAN/UCC standard was originally developed by the medical
device industry, which uses Universal Product Numbers to meet the needs
of retailers (HIBCC, 2001). Because no other standard was available at the
time, drug manufacturers adopted the standard and integrated the NDC
codes. However, many stakeholders consider the EAN/UCC standard to be
inadequate for the specific applications and needs of the health care envi-
ronment, especially those associated with patient safety (HIBCC, 2001).
The HIBCC standard was designed to allow for more extensive and precise
encoding and quicker tracking and tracing of specific drug products.

While narrowing choices down to two standards represents improve-
ment, stakeholders believe that other aspects of the FDA rule need revision.
In particular, the rule states that bar code symbology will be limited to a
linear model that constrains the ability to encode a significant amount of
information. This capability will be needed as health information technolo-
gies and clinical information systems advance. Therefore, these stakehold-
ers are seeking to have the rule revised to allow for the use of three-
dimensional models as well.

In addition, there are sizable cost implications when a hospital imple-
ments a bar code medication administration system. Thus, software pro-
grams will be required to be compatible with both the EAN/UCC and
HIBCC standards, to accommodate various dimensional encoding models,
and to be easily upgraded to meet demands for the encoding of additional

FIGURE 6-2 Bar code symbologies.
SOURCE: Combes, 2004.
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information. Further, radio frequency identification (RFID) technology may
replace bar codes on external packaging altogether, particularly in light of
the growing problems with counterfeit drug imports entering the U.S. mar-
ket. However, RFID will not replace the need for standardized bar code
systems for patient care.

User Interface

The ability of clinicians to use a medical device or decision-support
system successfully depends on how well the technologies have been de-
signed at the level of the human–machine interaction (i.e., user interface).
From the user’s perspective, the interface is the system (Shortliffe et al.,
2001). When interacting with technology, clinicians aim to carry out tasks
in which information is assessed, manipulated, or created (van Bemmel and
Musen, 1997). The quality and style of the interface directly affect this
processing of information. Well-organized information that is presented in
a logical and meaningful way results in a higher degree of usability, whereas
the display of information in a cluttered, illogical, or confusing manner
leads to decreases in user performance and satisfaction (van Bemmel and
Musen, 1997). Most important, a poorly designed user interface can even
contribute to medication errors for all drug-related technologies (Patterson
et al., 2002; Ash et al., 2004; Koppel et al., 2005).

As noted earlier, several studies have confirmed that many medication
errors resulting in patient harm involve intravenous infusion devices, with
the most common cause of the errors being incorrect programming (Kaushal
et al., 2001; Taxis and Barber, 2003; Tourville, 2003). Several problems
with the interface design for these devices in terms of programming keys,
display screens, and menu structure have contributed to these high rates of
ADEs. In an effort to simplify programming and reduce pump size, a lim-
ited number of programming keys are provided on the pumps. Each key
serves multiple functions, and clinical protocol is selected through scroll
menus. However, menu structures are so complex that even skilled users
could easily get confused (Nemeth, 2003). Device programming is often
further complicated by small display screens that are difficult to read and
follow. As a result, the state of the infusion pump is not always obvious
during each step of the process. Even small data entry errors can result in
numerous unforeseen medical complications that cause patient harm. Clini-
cians frequently must power down the pumps and start over to clear pro-
gramming mistakes. Device manufacturers have been working to improve
the user interface by incorporating the principles of human factors engi-
neering into the pumps’ design structure. Standards for human factors
design have been established by the Association for the Advancement of
Medical Instrumentation (AAMI) and approved by the American National
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Standards Institute (ANSI), and are a part of the FDA’s Good Manufactur-
ing Practices (GMP) regulatory requirements (IOM, 2004). The standards
do not go far enough to address user interface issues, however, and addi-
tional work is needed.

Medication errors also result from comparable problems in the user
interface design for decision-support systems. A recent study of CPOE
systems found that human–machine interface flaws facilitated 22 types of
medication errors (Koppel et al., 2005).

A number of factors affect the ability of clinicians to interact effec-
tively and efficiently with decision-support systems (whether CPOE, elec-
tronic health records, or pharmacy database). First, most of the commer-
cial systems on the market were designed according to rigid machine rules
that do not correspond appropriately to the clinician’s workflow and
behavior (Koppel et al., 2005). The natural chain of clinical events is
disrupted while clinicians are forced to accommodate the rigid data
requirements of the technology (Han et al., 2005). Often, a second physi-
cian devoted solely to entering orders is needed when time-sensitive thera-
peutic interventions must be administered, such as in emergency or inten-
sive care. Second, many interface designs are highly impractical or
outdated. Information is presented in numerous lines of identical-looking
text, without a windows-based structure or intuitive graphical navigation
aids (Ash et al., 2004). Even when the information is there, it is difficult to
find. Clinicians must click on multiple different screens to either retrieve
all of a patient’s information or enter new clinical information. Informa-
tion becomes fragmented, and clinicians lose their ability to develop a
more comprehensive overview and conceptual understanding of the case
(Ash et al., 2004). For example, in many inpatient CPOE systems, patient
names are grouped alphabetically rather than by clinical staff or rooms.
Thus similar names, combined with small fonts, hectic workstations, and
interruptions, can easily be confused (Koppel et al., 2005). Equally trou-
bling, a patient’s medication information is seldom synthesized on one
screen; a clinician may need to access up to 20 screens to view all the
medications included in the patient’s regimen. Although decision-support
systems use standard computer monitors to display information, a signifi-
cant amount of work is needed to develop optimal user interface designs
that can make data capture and manipulation easier for clinicians and
more accurate for patient safety.

Data presentation and the user interface affect the usability of bar code
medication administration systems as well. Although there are no studies
indicating that the design of such systems directly caused medication errors
(Johnson et al., 2002), several studies have confirmed that negative unin-
tended consequences resulting from the introduction of these systems may
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create new paths to ADEs (Patterson et al., 2002; Patterson, 2003). The
information display of the systems is much like that of other decision-
support systems that rely on computer-based monitors and graphical inter-
faces. Specific issues with interface design vary depending on the vendor,
but generally relate to the incompleteness of the medication information
displayed and its effect on clinical coordination (Cipriano, 2003; Patterson,
2003). For example, the more inflexible systems require a long, confusing
sequence of programming activities for a simple change to medication ad-
ministration times. Moreover, important medication information is either
not available or not displayed in a timely manner. Key problems identified
include (1) pending and discontinued medication orders not displayed; (2)
inability to document medications not displayed as administered when they
had been administered; (3) automated removal of medications from bar
code medication administration systems, resulting in confusion; (4) inabil-
ity to view changes to medication orders without opening a patient record;
(5) difficulty of undoing actions: (6) difficulty of revising database informa-
tion once entered; and (7) poorly organized data screens, resulting in missed
medications (Patterson et al., 2002; Rogers et al., 2005). The fragmentation
of patient data also contributes to clinicians’ inability to obtain at a glance
a comprehensive overview of patients’ medication information, as well as
to degraded coordination between physicians and nurses—one of the more
noted negative side effects of bar code medication administration systems
(Patterson et al., 2002).

Efforts in the United Kingdom have started to address user interface
issues through an agreement with Microsoft Corporation. Microsoft will
develop a health-specific user interface for clinical systems used by the
National Health Service to improve patient care and safety. Under the
terms of the agreement, Microsoft will supply code based on the full ship-
ping versions of its desktop software that can be used by independent
vendors and supply customized versions of Office and Windows (NHS,
2004). However, use of common coding to link and present data is only one
aspect of improving the user interface.

Addressing user interface issues will require greater attention to the
cognitive and social factors influencing clinicians in their daily workflow
and interaction with technologies (van Bemmel and Musen, 1997). Yet
little emphasis has been placed on physicians’ ability to learn and use these
systems or on the technologies’ effects on physicians’ reasoning. From the
perspective of cognitive psychology, designers must develop a better under-
standing of how clinicians best comprehend information, as well as of the
limits of human perception and memory. The context of the clinical envi-
ronment, in which clinicians must perform multiple tasks simultaneously
and manage numerous interruptions by beepers, telephones, and colleagues,
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must be taken into account (Ash et al., 2004). Designers should understand
that cognitive overload can result from overemphasizing complete informa-
tion entry or retrieval.

A prime example of how comprehensive design strategies such as these
have been successful in transforming health technology interfaces to im-
prove patient safety is in the high-risk area of anesthesia (IOM, 2000;
Hallinan, 2005; Pierce, 2006). Anesthesiology has reduced anesthesia mor-
tality rates from two deaths per 10,000 administrations to one death per
300,000 administrations (JCAHO, 1998). This success was accomplished
through a combination of the following:

• Technical changes (new monitoring equipment, standardization of
existing equipment)

• Information-based strategies, including the development and adop-
tion of guidelines and standards

• Application of human factors to improve performance, such as the
use of simulators for training

• Formation of the Anesthesia Patient Safety Foundation to bring
together stakeholders from different disciplines (physicians, nurses,
manufacturers)

• Having a leader who could serve as a champion for the cause (Leape
et al., 1998; IOM, 2000)

No single one of these changes has been sufficient to have a clear-cut
impact on mortality, yet, the application of human factors principles in
conjunction with the other factors has been highly effective (Leape at
al., 2002; Sawa and Ohno-Machado, 2002; Wachter at al., 2003). Mea-
suring progress over time and regularly integrated lessons learned into
clinical systems created a dynamic process for ongoing quality and safety
improvement.

It can be challenging to capture the richness and complexity of clinical
data in a manner that is concise and precise, but still comprehensive enough
for medical care (Cimino et al., 2001). Screen layout and the visual salience
of the information presented critically affect the way the information is
interpreted by clinicians using decision-support systems (Kushniruk et al.,
1996; Kaufman et al., 2003). Menus, graphics, and colors can all help
differentiate data and make systems more attractive and simpler to learn
and use. Interfaces must offer clear presentations, avoid unnecessary detail,
and provide consistent interaction to be effective (Shortliffe et al., 2001).
Designers also should recognize the inherent differences among clinician
user groups, and seek to design multidimensional interfaces that can ac-
commodate the information requirements of individual clinicians and com-
prehensive conceptual views of patient information.
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7

Applied Research Agenda for
Safe Medication Use

CHAPTER SUMMARY

In this chapter, the committee proposes an applied research
agenda for the safe use of medications across all care settings. This
agenda, based on gaps in the medication error knowledge base,
encompasses research methodologies, incidence rates, costs of medi-
cation errors, reporting systems, and testing of error prevention
strategies.

In developing the recommendations presented in this chapter, the com-
mittee reviewed the literature on the incidence and costs of medication
errors and on error prevention strategies. From this review, the committee
identified important methodological issues and gaps in the medication error
knowledge base. Overall, the committee believes the emphasis of research
on safe medication use should gradually shift away from incidence rates,
the current focus, to error prevention strategies. The committee believes the
nation should invest about $100 million in research addressing medication
safety, starting at $50 million per year.

Recommendation 6: The Agency for Healthcare Research and
Quality (AHRQ) should take the lead, working with other govern-
ment agencies such as the Centers for Medicare and Medicaid
Services (CMS), the Food and Drug Administration (FDA), and the
National Library of Medicine (NLM), in coordinating a broad
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research agenda on the safe and appropriate use of medications
across all care settings, and Congress should allocate the funds
necessary to carry out this agenda. This agenda should encompass
research methodologies, incidence rates by type and severity, costs
of medication errors, reporting systems, and in particular, further
testing of error prevention strategies.

DEFINITIONS

Researchers use a variety of definitions for medication errors, near
misses, and adverse drug events (ADEs). There is a clear need to standardize
terminology and measures for these phenomena if the field is going to
advance.

Much of the literature reviewed by the committee failed to specify in
sufficient detail the definition of a medication error used in the study. When
detail was given, the definitions varied widely. Studies of medication errors
in pediatric populations illustrate the problem: in one study, the definition
of a medication dosing error was any dose greater than 10 percent over the
recommended dose, while in another study, the definition was any dose
greater than 10 times the recommended dose. In another set of studies
examining the entire medication delivery system, some research teams did
not include as errors events that were detected before they reached the
patient, whereas other researchers counted these events as errors. As an-
other example, some studies counted an order that was lacking a prescriber’s
signature as a medication error; although this is clearly an error, the poten-
tial for harm to patients is substantially different from that resulting from
orders with dosage errors. If the definitions of medication errors and their
subtypes are not standardized, and outcome data are not collected in a
manner that permits assessment of the potential for harm, it is difficult to
compare incidence rates across studies and to identify areas of high priority
for intervention. The existing variations also result in a broad range of
reported frequency and severity of errors.

To address this issue, the committee recommends that an international
consensus conference be held to define the terms medication error, near
miss, and ADE, as well as the subtypes of these terms, and to identify the
practical applications of these definitions in various care settings. This
conference could be similar to a session organized by the American College
of Chest Physicians/Society of Critical Care Medicine in August 1991 to
agree on a set of definitions that could be applied to patients with sepsis and
its sequelae (Bone et al., 1992). The definitions introduced as a result of this
conference have been widely used in practice and have served as the foun-
dation for inclusion criteria for many clinical trials of therapeutic interven-
tions (Levy et al., 2003). This uniform set of definitions has also made it
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much easier to compare results from different sepsis studies and to better
understand the various syndromes.

ROLE OF THE PATIENT AND FAMILY

The public at large needs to develop a healthy respect for the risks as
well as the benefits of medications. For example, one study revealed that
patient-level errors are associated with about 20 percent of ADEs in the
ambulatory setting among the elderly (Gurwitz et al., 2003). Engaging the
patient as an active participant in decisions about and monitoring of medi-
cation use is critically important. Thus the committee recommends pursuit
of a research agenda aimed at delineating effective strategies for involving
patients and their families in the prevention, early detection, and mitigation
of harm due to medication errors (IOM, 2004), with particular focus on the
following topics:

• Determining how best to present information to patients to facili-
tate their understanding of medication use and safety, including the de-
velopment of a consumer-friendly nomenclature for representing this
information.

• Developing improved systems for supporting patients in identifying
and eliminating barriers to following the prescribed medication regimen, or
in seeking advice before altering the regimen in response to drug side effects
or barriers to administration.

• Developing improved systems for supporting surrogates’ roles in
safe medication use when patients are receiving medications from profes-
sionals and are unable (too ill, disabled, or cognitively impaired) to monitor
the administration of or their response to the drugs.

• Developing standard approaches to the maintenance of personal
medication lists and investigating the effects of these lists on the effective-
ness of safety strategies, such as medication reconciliation.

• Developing strategies to inform ambulatory patients of clinically
significant abnormal test results, including the use of computerized patient
notification of such results.

• Exploring the effectiveness of patient self-monitoring devices, such
as home finger-stick devices and nomograms to self-adjust wafarin dosages.

The committee believes medication self-management can be enhanced
with tools available through personal health records. In this regard,
CMS, the FDA, and the NLM should collaborate to confirm a minimum
dataset for personal health records and develop requirements for vendor
self-certification of compliance. Vendors should take the initiative to im-
prove the use and functionality of consumer-oriented information tech-
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nologies by incorporating basic information tools for consumers’ medica-
tion self-management.

MEDICATION SAFETY RESEARCH: INCIDENCE, COSTS,
AND PREVENTION STRATEGIES

Incidence Rates

The committee examined the literature on incidence rates of medica-
tion errors. Despite the considerable research on incidence that has al-
ready taken place in certain areas, the committee believes much more such
research needs to be carried out. In particular, it is important to charac-
terize incidence rates by type and severity. Incidence rates are important
for gauging the scope of the problem, for setting priorities for prevention
strategies, and for measuring the impact of such strategies. The types of
research required are described below for the hospital, nursing home, and
ambulatory care settings; for pediatric and psychiatric care; and for
the use of over-the-counter (OTC) and complementary and alternative
medications.

Hospital Care

Medication error rates in hospitals have been relatively well researched.
Thus the committee believes measurement of error rates in this care setting,
with the exception of rates for specific populations (pediatric and psychiat-
ric patients; see below), is not a priority for research. As indicated in Chap-
ter 5, methods for detecting errors and ADEs can increasingly be built into
electronic health records and other information systems, enabling better
estimation of incidence rates for some types of errors and ADEs on an
ongoing basis. Furthermore, these systems may be able to identify ADEs
early enough in many situations to mitigate harm. However, research aimed
at improving and standardizing these methods is a high priority.

Nursing Home Care

The long-term care arena is in need of a broad research agenda, includ-
ing incidence data and the characterization of high-risk errors. There are
more than 1.6 million residents of nursing homes in the United States.
Levels of medication use are particularly high in these facilities, and pa-
tients are at particular risk for ADEs (Gurwitz et al., 2000, 2005). Recent
studies have not focused specifically on medication errors, but have indi-
cated that as many as half of all ADEs in the nursing home setting may be
preventable. Nursing home residents taking antipsychotic medications,
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anticoagulants, and diuretics are at greatest risk for experiencing a prevent-
able ADE. Nursing home residents may also be especially vulnerable to
medication errors as they move between different settings of care, such as
from the ambulatory setting to the nursing home, and back and forth to the
hospital during episodes of acute illness.

Ambulatory Care

In the ambulatory setting, the best-understood aspects of medication
error rates are prescribing errors in ambulatory primary care clinics and
dispensing errors in community pharmacies. There is some understanding
of the incidence of ADEs in ambulatory care and self-care errors. There is
limited understanding of incidence rates in care transition situations, medi-
cation administration and monitoring in ambulatory care, mail order phar-
macy, and school care (Forster et al., 2003). Little information exists as
well concerning medication errors associated with prescribing in ambula-
tory specialty clinics. Specialty clinicians typically prescribe a limited set of
medications (for example, chemotherapeutic agents). Nonetheless, special-
ists often work with incomplete medication data on patients that are re-
ferred or transitioning between settings—situations known to increase the
risk of errors (Fernald et al., 2004).

New studies should focus especially on error incidence rates associated
with care transitions, medication administration in ambulatory care, moni-
toring of medications in ambulatory care, mail order pharmacy, and school
care. In addition, not enough is known about what happens between the
time a prescription is filled and the time the patient is supposed to take a
particular dose of the medication at a particular time. Such research is
difficult for multiple reasons, although technological approaches using
smart pill bottles and bioassays can be used. However, the very act of
intrusive observation raises questions about the generalizability of results
obtained with these approaches.

Pediatric Care

Despite extensive work on medication errors in the hospital setting, the
committee found only a handful of studies on medication errors in pediatric
patients in the emergency department, ambulatory care, and home environ-
ments, all of which are critical targets for future research. The home envi-
ronment in particular should be a high priority given the growing reliance
on home care for increasingly complex medical conditions. All three of the
existing studies involving home medication administration (Li et al., 2000;
McErlean et al., 2001; Goldman and Scolnik, 2004) focused narrowly on
the administration of antipyretics. These studies estimated significant rates
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of medication errors by parents and guardians. A preliminary report also
indicates high rates of prescribing errors in outpatient pediatric clinics
(McPhillips et al., 2005b).

Psychiatric Care

The committee found only two studies of medication errors in psychia-
try (Senst et al., 2001; Grasso et al., 2003). The committee found no studies
of psychiatric care that used an independent audit to identify medication
errors and then examine a potential causal link between errors and clinical
harm. The committee believes medication errors in inpatient and outpatient
psychiatry require more study.

Psychiatrist professional organizations have only recently identified
medication errors as a patient safety and quality concern. The American
Psychiatric Association (APA) first convened its Task Force on Patient
Safety in 2002 (Herzog et al., 2003). ADEs were identified as one of four
priority areas. The recommendations of the task force were approved by
the board of trustees in November 2002 and by the assembly executive
committee in January 2003, leading to the inception of the APA Committee
on Patient Safety (Herzog et al., 2003).

The committee believes psychiatrists and other mental health profes-
sionals should join with their medical and surgical colleagues to speak a
common language regarding the detection, reporting, and management of
medication errors and ADEs. Broader incorporation of such terminology
might also enable a more objective comparison of quality among psychiat-
ric hospitals.

OTC Medications

Apart from the three highly specialized studies on the administration of
antipyretics mentioned in the above discussion of pediatric care, the com-
mittee found no studies on incidence rates of medication errors arising from
use of OTC drugs. Yet there is a growing literature on OTC drug–disease
issues and OTC drug–drug interactions (see Box 3-2 in Chapter 3).

Further, a growing number of OTC drugs are being approved, includ-
ing some that formerly had prescription status. From 1995 to 2004, there
were 84 new approvals or prescription-to-OTC switches, an average of
8.4 per year (CDER, 2005). Looking to the future, it is likely that com-
pletely new categories of OTC drugs will become available in the United
States. In 2004, the United Kingdom approved the first low-dose statin
as an OTC drug, provided that a pharmacist reviews the purchase
(Bellingham, 2004)—this even though statins do have drug–drug interac-
tions, and it is difficult for patients to monitor either their effectiveness or
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their toxicity. This decision came 4 years after failed attempts in the
United States to achieve OTC status for low-dose statins (Mitka, 2004).
Against this background, the committee believes the time is right for a
major study on the use of OTC drugs and the epidemiology of associated
medication errors and ADEs, as well as drug–drug and drug–disease
interactions.

Complementary and Alternative Medications

An emerging literature suggests that complementary and alternative
medications have the potential for adverse interactions with prescription
drugs (D’Arcy, 1993; Calis and Young, 2004). The Institute of Medicine’s
(IOM) recent report Complementary and Alternative Medicine (IOM, 2005)
recommended that the National Institutes of Health and other public agen-
cies provide the support necessary to develop and implement a sentinel
surveillance system (comprising selected sites collecting and reporting data
on patterns of use of these and conventional medications), practice-based
research networks,1 and complementary and alternative medication research
centers to facilitate the work of the networks (by collecting and analyzing
information from national surveys, identifying important questions, design-
ing studies, coordinating data collection and analysis, and providing train-
ing in research and other areas). The IOM report also recommended that
the National Institutes of Health and other public or private agencies spon-
sor quantitative and qualitative research to examine adverse events associ-
ated with complementary and alternative medications and their interac-
tions with conventional treatments. The committee endorses both of these
recommendations.

Costs

There have been few micro-level studies of the costs of medication
errors. Most of these studies have estimated either the extra hospital costs
of an ADE occurring while the patient is in the hospital or the costs of
hospital admissions attributable to earlier ADEs. Two of these studies are
now quite dated: one used data from 1990–1993 (Classen et al., 1997) and
the other data from 1993 (Bates et al., 1997). Apart from one study relating
to ambulatory care (Field et al., 2005), all of the studies related to hospital
care. Clearly there are large gaps in our understanding of the costs of

1These networks are defined by the Agency for Healthcare Research and Quality as a group
of ambulatory practices devoted principally to the primary care of patients, affiliated with
each other (and often with an academic or professional organization) in order to investigate
questions related to community-based practice (IOM, 2005).
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medication errors. A better understanding of these costs is important for a
number of reasons, including informing decisions about investments in
technological interventions designed to reduce the risk of medication er-
rors. Accordingly, the committee recommends that additional studies be
carried out on these costs in hospitals, nursing homes, and ambulatory care.
These studies should include (1) the costs of medication errors in pediatric
and psychiatric care, (2) the costs of errors associated with OTC and
complementary and alternative medications, (3) the costs of the failure to
receive drugs that should have been prescribed, and (4) the costs of over-
utilization of drugs (for example, antibiotics). Moreover, some of these
studies should examine not just additional health care costs relating to
medication errors, but also the economic and social costs borne by patients
and their families.

Prevention Strategies

The committee acknowledges that it is not possible to put forward a fully
comprehensive set of corrective medication error strategies. The area best
understood is the incidence of medication errors and preventable ADEs in
various care settings where significant problems and their causes have been
identified. More research is needed to evaluate the impact of system problems
in the research and development, regulatory review, and distribution/
marketing stages on the incidence of errors in the use of medications and the
impact of the underutilization of medications.

As suggested above, the primary focus of research on medication errors
should be on informing, developing, and then testing prevention strategies.
In the next sections, the committee outlines suggestions for further research
on such strategies for hospital care, nursing home care, ambulatory care,
pediatric care, psychiatric care, and care transitions.

As reported in Chapter 3, the universe of preventable ADEs is a minor-
ity of total ADEs. Although most of the development of error prevention
strategies to date has been focused on the ADEs that are known to be
preventable today, it will likely be possible in the future to prevent many
events currently considered nonpreventable. In particular, better tools for
detecting drug sensitivities and the use of pharmacogenomics offer great
promise in this regard (Gandhi et al., 2005). In addition, innovations in the
way compounds are constructed or delivered may result in a safer drug
administration process.

Finally, further cost/benefit studies of all prevention strategies are ur-
gently needed. Most such studies carried out to date have involved hospitals
and a limited number of decision-support tools. Particularly needed are
studies of vendor-based systems, a broad range of decision-support tools,
and care settings other than hospitals. The aim should be to identify a
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group of high-impact interventions in each care setting that can be imple-
mented first.

Hospital Care

For the most part, interventions that appear to have the strongest
evidence are consistently incorporated into recommended best practices
for reducing medication error rates, such as the National Quality Forum’s
(NQF) Safe Practices for Better Healthcare (NQF, 2003). Computerized
provider order entry (CPOE) is almost universally recommended, as is
incorporating clinical pharmacists into the inpatient medical team during
daily rounds and creating specialized protocols for high-alert medica-
tions. Other strategies for which the evidence is not as strong but that are
commonly recommended include standardizing prescription writing,
limiting oral orders, improving medication error identification systems,
adopting system-based approaches to reducing medication errors, pro-
moting a culture of safety, implementing bar coding, and using unit
dosing.

Bar coding and smart pumps are widely recommended interventions
for which more rigorous testing appears warranted. In addition, there is a
need to investigate nontechnical strategies that address human factors, such
as techniques for combating fatigue (e.g., adequate staffing of professionals
involved in medication use); elimination of redundancies (e.g., identifying
when double-checks add value in decreasing errors); echoing and readback;
the use of reminders, constraints, and color differentiation; and systematic
approaches that couple continuous surveillance of error reports/alerts and
review of good-practice guidance from internal and external sources with
proactive prevention strategies.

Beyond the validation of individual approaches to error reduction, the
next steps in research on prevention strategies for hospital care should
focus on evaluation of the following:

• How to make a business case for investment in error prevention
strategies. CPOE, bar coding, and smart pumps are expensive applications
and have to compete with other investments for a health care organization’s
limited resources. Financial models for the benefits of CPOE are beginning
to emerge (Kaushal et al., 2006).

• How to select an individual application, such as CPOE, bar coding,
and smart pumps. Tools are needed to evaluate applications in the way they
present information to users, their effectiveness at intercepting medication
errors, and the quality of the information provided through decision-
support tools. Leapfrog has begun to develop a tool to evaluate hospital
CPOE systems with decision support (Kilbridge et al., 2006).
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• How to implement individual approaches, such as CPOE, bar cod-
ing, and smart pumps. Implementation problems with electronic prescrib-
ing systems and unintended consequences arising from the implementation
of such systems have been well documented (Ash et al., 2004; Han et al.,
2005; Berger and Kichak, 2004; Koppel et al., 2005; Fernando et al., 2004).
Guidance manuals are needed to help all stakeholders implement these
systems successfully. In particular, more research is needed to understand
the specific challenges that exist for institutions of different sizes and differ-
ent staffing models (Kuperman and Gibson, 2003).

• How to link the various individual applications (CPOE, bar coding,
and smart pumps) together and with electronic health records and the
patient’s personal health record. A better understanding is needed of how
to ensure that data can pass seamlessly from one application to another,
and that the data are interpreted in a consistent way across all applications.

• New approaches to improve the safety of transitions between pro-
viders and patient care units, and especially as the patient leaves the hospi-
tal. Most current prevention strategies are applied in one particular care
setting. Transitions from one provider to another are error prone (Forster et
al., 2003). Applications need to be developed that can keep all a patient’s
providers (inpatient and outpatient prescribers, pharmacists) up to date
when any one of the prescribers or the patient changes the patient’s medica-
tion or the pharmacist learns that the patient has failed to fill a particular
prescription.

Nursing Home Care

Although CPOE with clinical decision support has been implemented
successfully in many acute care hospitals, there are few descriptions of its
use in the long-term care setting (Rochon et al., 2005). Use of the technol-
ogy in nursing homes poses many challenges, and its effectiveness in pre-
venting medication errors and ADEs in this setting needs to be assessed.
The impact of staffing levels on medication errors and preventable ADEs in
the nursing home setting also has not been adequately studied, nor have
deficiencies in communication between nursing home staff and the clini-
cians accountable for prescribing medications.

Ambulatory Care

Many approaches to medication safety derive from the inpatient set-
ting, and it is not clear to what extent these approaches are transferable to
the ambulatory setting. For example, instruments used to assess the safety
climate for the ambulatory setting lag far behind those for the inpatient
setting (Nieva and Sorra, 2003). Tools for such assessment for a full range
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of ambulatory institutions need to be developed. Even the effect of elec-
tronic prescribing on medication safety in the ambulatory setting has not
been well studied; the same is true of the impact of providing different levels
of decision support. Effectiveness studies of the most promising error pre-
vention strategies are needed, with priority given to electronic prescribing
with clinical decision support and collaborative care approaches involving
physicians, nurses, and pharmacists, and with patient self-education/coun-
seling.

The majority of patient–pharmacy interactions on a day-to-day basis
involve prescription refills. There is a need for studies targeting safe prac-
tices in this area. Also needing study are the effects of time demands on
clinicians in the ambulatory setting on safety in general and on medication
safety in particular.

Pediatric Care

Standardization of recommended doses for children is essential to en-
able providers, researchers, and developers of technological prescribing
solutions to speak a common language as to what doses are considered
acceptable (that is, not errors) for children (McPhillips et al., 2005a,b).
Despite the push for CPOE and electronic prescribing, the lack of unifor-
mity on standard pediatric doses is at least part of the reason for the usual
absence of pediatric-specific dosing tables powering most commercially
available CPOE tools. Because of the inability to build such dosage rules
into computerized prescribing tools, children cannot reap the full benefit of
information technology in the medication delivery process.

In the home environment, research is needed on standardization of
concentrations and dosing spoons, syringes, and other tools used by parents
and guardians, similar to the efforts now under way to standardize and
limit the number of concentrations used within institutions.

Most of the research to date on pediatric medication errors has been
skewed toward prescribing errors. The committee’s review of data from
error reporting systems revealed that dispensing and administering are as
error prone as prescribing. In contrast with the medication-use process for
adults, the steps of dispensing and administering in pediatric populations
depend much more heavily on manual compounding of liquid medications
and administration to patients who are unable to perform their own medi-
cation safety checks. Understanding the unique risks for children in these
two steps is critical to determining which interventions will eliminate or
mitigate these risks.

Many potential approaches to error reduction are relatively inexpen-
sive and are supported by common sense based on knowledge of human
factors. Such approaches include representation of pediatric care on for-
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mulary committees, appropriate and competent pharmacy and nursing
personnel who are knowledgeable about pediatric medication dosages
and regimens, policies on oral orders, and clear and accurate medication
labeling.

Psychiatric Care

In Chapter 3, it was noted that no study has been carried out to evalu-
ate the efficacy of any prevention strategy for medication errors in psychiat-
ric care. Nevertheless, there are several promising strategies of relevance to
psychiatric care that do not involve automation and thus could be evalu-
ated immediately:

• The use of medication ordering protocols for drugs that have a
narrow therapeutic index and/or might be unsafe to initiate or resume
without laboratory data (for example, lithium carbonate, clozapine, carba-
mazepine, valproic acid).

• The use of unit-dose distribution systems in which medications are
individually prepackaged and delivered in the exact dose to the point of
administration.

• Access to drug information at the time of prescribing through inclu-
sion of a clinical pharmacist in rounds, along with immediate drug database
access using personal digital assistants (PDAs).

• Orientation and periodic education of nurses and physicians regard-
ing the prescribing, transcribing, dispensing, and administration processes.

• Better patient education in the use of medications.

A number of computerized interventions also appear to have the poten-
tial to decrease medication error rates in the psychiatric inpatient setting.
Among these are CPOE, bar coding linked to computerized medication
administration records, automated dispensing devices, and pharmacy dis-
pensing robotics (Bates and Gawande, 2003). Outside the hospital, tools
that can help patients track what medications they have actually taken may
be especially beneficial in the psychiatric population.

Care Transitions

As noted elsewhere in this report, the available data indicate that care
transitions between institutions and primary or home care pose a high level
of risk (Fernald et al., 2004) because medication regimens are frequently
altered at these times. Research is needed on ways to improve communica-
tion between these components of the medication-use system. All concerned
need to acknowledge the problem and evaluate a variety of approaches to
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error reduction. Specific areas for research include (1) improved methods
for helping patients and providers create and maintain accurate and up-to-
date medication lists, (2) a better understanding of the benefits and risks of
systems that incentivize or require patients to obtain medications from
multiple sources (e.g., local and mail order pharmacies, free samples from
prescribers), (3) a better understanding of the impact of the use of formular-
ies on medication safety, (4) an improved understanding of the impact of
changes in health insurance coverage leading to interruptions in medication
use, (5) a better understanding of the impact of changes in formularies
leading to changes in medication use and the disruptions they can cause,
and (6) an improved understanding of the impact of payer regulations that
mandate frequent refills within tight time frames.

The need for improved information transfer between prescribing clini-
cians and dispensing pharmacies/pharmacists also needs to be studied. The
Continuity of Care Record (CCR) and Regional Health Information Orga-
nizations are important initiatives aimed at addressing this problem. The
CCR is a standard specification developed jointly by the American Society
for Testing Materials (ASTM) International, the Massachusetts Medical
Society, the Health Information Management and Systems Society, the
American Academy of Family Physicians, the American Academy of Pediat-
rics, and others (Tessier, 2005) and published in early 2006 (ASTM, 2006).
It is intended to foster and improve continuity of patient care, to reduce
medical errors, and to ensure at least a minimum standard of health infor-
mation transportability when a patient is referred or transferred to or oth-
erwise seen by another provider. The next step is for vendors to incorporate
the CCR standard in their products.

Regional Health Information Organizations represent state and other
regional groups seeking to harmonize the privacy and business rules for
health information exchange (DHHS, 2005). More than 100 regional proj-
ects are under way, funded by the federal government. Several other projects
are being supported by private industry or funded at the state level. The
CCR and Regional Health Information Organizations could be highly
complementary if appropriately combined, with one providing an improved
standard for transmission of data and the other the means for rapid trans-
mission to the point of care. Such developments should be supported and
evaluated for their impact on the safety and quality of medication use.

IDENTIFICATION METHODS: DATA TRIGGERS

The IOM’s report on patient safety (IOM, 2004) recommended re-
search aimed at developing and evaluating various methods for using data-
driven triggers to detect ADEs and other high-risk events (e.g., nosocomial
infections, patient falls). The committee endorses this recommendation and
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believes the focus of such research should be on developing efficient, robust
tools for computerized monitoring that would allow all organizations to
monitor routinely for ADEs. Ultimately, it may be practical to mandate
such monitoring. To this end, research is needed on improving, across all
settings, the utility and reliability of computerized detection (e.g., eliminat-
ing alert fatigue; see Chapter 6); also needed are testing and validation
specific to the site of care (Field et al., 2004).

In the ambulatory setting, medication monitoring, particularly for
ADEs, is virtually nonexistent. Research is needed on what data sources
are necessary for a robust background monitoring system in the ambula-
tory environment, such as the systems used for inpatients at Brigham and
Women’s Hospital in Boston, Massachusetts, and LDS Hospital in Salt
Lake City, Utah. Development and testing of such systems would be a
major step forward in medication safety in the ambulatory setting, par-
ticularly if facilitated by the incorporation of electronic health records
and electronic prescribing.

INTERNATIONAL STUDIES

International comparison studies provide valuable benchmarking data
concerning safe medication practices. These studies help challenge para-
digms and encourage thinking beyond the traditional views concerning just
what constitutes safe medication practice. An example of such a study is
one undertaken in a hospital in the United States and a hospital in the
United Kingdom (Dean et al., 1995). The medication error rate in the U.S.
hospital was 6.9 percent, higher than the 3.0 percent rate observed in the
U.K. hospital. The committee believes this study was very useful, but ac-
knowledges that such studies are challenging to conduct.

The committee suggests that more international sharing of ideas on
medication safety would be highly beneficial and recommends that more
international studies be carried out to evaluate different medication systems
and their effects on the rates of medication errors and ADEs. An important
prerequisite is that researchers carrying out such international studies need
to adopt common taxonomies for describing errors. In this context, the
World Health Organization is taking a lead role (WHO, 2005). In addition,
international studies should use multiple error detection methods.

CROSS-INDUSTRY SAFETY STUDIES

Many industries face safety challenges. Industries such as aviation,
nuclear power, and chemical manufacturing have implemented successful
safety strategies and continue to achieve advances in this regard. These
industries have addressed safety issues of relevance to health care, generally
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and medication safety in particular, such as introducing a culture of safety,
implementing computerized error detection and prevention systems, stan-
dardizing procedures, reducing errors at care transitions, and developing
human–computer interfaces. It is likely that many of the lessons learned in
these industries will be relevant to health care delivery. As a consequence,
the committee believes workshops and studies should take place regularly
so that safety experts in health care can share experiences with safety
experts in other industries.

REPORTING SYSTEMS

The committee endorses the recommendation in the IOM’s patient
safety report (IOM, 2004) that the Agency for Healthcare Research and
Quality develop a standard (or common) event taxonomy for data storage
and analysis. Specifically, this event taxonomy should address near misses
and ADEs, cover errors of both omission and commission, and include
hazardous conditions. The report format should include both standardized
data elements and free-text narratives.

The committee views the work of the Joint Commission on Accredita-
tion of Healthcare Organizations (JCAHO) in this area as an important
development. JCAHO has taken a leadership role (Chang et al., 2005) by
developing a Patient Safety Event Taxonomy (NQF, 2005), which was
endorsed by the NQF in August 2005 (see also Chapter 8).

The committee also endorses the recommendation of the IOM’s patient
safety report that further studies on the cost/benefit of reporting systems be
undertaken. In particular, there is a need for in-depth studies of the value of
various reporting systems with regard to learning about errors and new
problems, gaining knowledge from the reports, communicating guidance,
and changing care delivery processes.
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8

Action Agendas for Oversight,
Regulation, and Payment

CHAPTER SUMMARY

Legislation, regulation, accreditation, payment mechanisms,
and the media shape the way health care is delivered. This chapter
proposes ways for these functions to motivate the adoption of
practices and technologies that can reduce medication errors, and
to ensure that professionals have the competencies required to de-
liver medications safely.

Earlier chapters of this report have presented the committee’s recom-
mended action agendas for patients (Chapter 4) and health care providers
(Chapters 4 and 5). Those two chapters are concerned with the first three of
the four levels of the chain of effect framework (Berwick, 2002). This
framework characterizes the American health care system as comprising the
following four levels: the experience of the patient (level A); the functioning
of small units of care delivery (“microsystems”) (level B); the functioning of
the organizations that house or otherwise support the microsystems (level
C); and the environment of policy, payment, regulation, accreditation, and
professional education (level D) that shapes the behavior, interests, and
opportunities of the organizations at level C. Players at the environmental
level include legislators, regulators, accreditors, payers, patient safety orga-
nizations,1 and educators. The following recommendation addresses this
environmental layer.

1Patient safety organizations are regulated through the Patient Safety and Quality Improve-
ment Act of 2005 (P.L. 109-41). Broadly, they are organizations separate from health care
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Recommendation 7: Oversight and regulatory organizations and
payers should use legislation, regulation, accreditation, and pay-
ment mechanisms and the media to motivate the adoption of prac-
tices and technologies that can reduce medication errors, as well as
to ensure that professionals have the competencies required to de-
liver medications safely.

• Payers and purchasers should continue to motivate improve-
ment in the medication-use process through explicit financial
incentives.

• CMS should evaluate a variety of strategies for delivering
medication therapy management.

• Regulators, accreditors, and legislators should set minimum
functionality standards for error prevention technologies.

• States should enact legislation consistent with and comple-
mentary to the Medicare Modernization Act’s electronic prescrib-
ing provisions and remove existing barriers to such prescribing.

• All state boards of pharmacy should undertake quality im-
provement initiatives related to community pharmacy practice.

• Medication error reporting should be promoted more aggres-
sively by all stakeholders (with a single national taxonomy used for
data storage and analysis).

• Accreditation bodies responsible for the oversight of profes-
sional education should require more training in improving medi-
cation management practices and clinical pharmacology.

The remainder of this chapter provides a detailed discussion of this
recommendation.

GUIDING PRINCIPLES

In developing the above recommendation, the committee took the view
that environmental-level stakeholders—legislators, regulators, accreditors,
payers, patient safety organizations, and educational accreditors—should:

• Encourage recognition that the use of drugs should take place in a
learning environment in which there will always be more to learn about the
balance of the effectiveness and safety of drugs in terms of both their
intrinsic properties and the ways in which they can be used.

providers that collect, manage, and analyze patient safety data and advocate safety improve-
ments on the basis of an analysis of those data.
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• Use laws, accreditation practices, payment mechanisms, and the
media to foster the safety and quality of medication use.

MOTIVATION FOR PROCESS IMPROVEMENT

Process improvement is primarily the responsibility of providers who
must redesign processes at the microsystem level (see Chapter 5). There are,
however, key roles in process improvement for legislators, regulators,
accreditors, payers, and patient safety organizations.

There are two separate but linked pathways to quality improvement
using the measurement of health care performance (see Figure 8-1) (Berwick
et al., 2003). Pathway 1 uses performance measurement for accountability
purposes—allowing patients, accreditors, and regulators to know how well
a particular unit is performing—and for selection purposes—helping pa-
tients, referring clinicians, and purchasers decide which providers to use for
the services they wish to purchase. Pathway 2 uses performance measure-
ment to design and implement new processes for delivering higher-quality
care. The two pathways are linked through the motivation for process

PATHWAY 1

Knowledge About
Performance

Knowledge About
Process and Results

Care Delivery 
Teams and 

Practitioners

ChangeSelection

Measurement 

OrganizationsConsumers
Purchasers
Regulators

Patients
Health Plans

Clinicians
Accreditors

Accountability

Purpose

Goals

Motivation

PATHWAY 2

Results
(Performance)

for ImprovementSelection & 

FIGURE 8-1 Two pathways to quality improvement.
SOURCE: Berwick et al., 2003.
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improvement (Pathway 2) provided by accountability/selection (Path-
way 1). Motivation for process improvement may be influenced by good
publicity, higher payments, or access to larger markets.

A number of Pathway 1 motivations relating to medication safety have
already been implemented on a trial basis:

• Public recognition. Since 1999, the Centers for Medicare and Med-
icaid Services (CMS) has produced comparative performance reports for
Medicare providers. These reports are available online through the CMS
website. In Hospital Compare (DHHS, 2005), many of the measures used
are medication-related. For heart attack patients, for example, the measures
include percent of patients given angiotensin-converting enzyme (ACE) in-
hibitors, percent given aspirin at arrival, percent given aspirin at discharge,
percent given beta-blockers at arrival, percent given beta-blockers at dis-
charge, and percent given thrombolytic medication.

• Preferred provider status. The Leapfrog Group (Leapfrog, 2005) is a
consortium of buyers of health care. Members have agreed to base their
purchase of health care on principles that encourage quality improvement
on the part of providers. The Leapfrog Group introduced three safety prac-
tices, one of which—the use of computerized provider order entry (CPOE)—
directly relates to medication safety; the other two are evidence-based hos-
pital referral and staffing of intensive care units with doctors who have
specialized clinical care training. A fourth leap has also been added, consist-
ing of the National Quality Forum’s (NQF) 30 safe practices (NQF, 2003),
many of which are medication-related.

• Rewarding investment in information technology. Bridges to Excel-
lence is an employer-led group aimed at improving the quality of care by
recognizing and rewarding health care providers for implementing high-
quality care delivery processes (BTE, 2003). For instance, through the Phy-
sician Office Link (POL), Bridges to Excellence rewards practices (in spe-
cific geographic areas) according to the number of modules implemented
from a schedule monitored by the National Committee for Quality Assur-
ance (NCQA, 2004). These include (1) clinical information systems/
evidence-based medicine (electronic capabilities for prescriptions and texts,
use of electronic systems for prescribing and checking for safety and effi-
ciency, contents of patient information in electronic health records (EHRs),
and use of EHRs for decision support), (2) patient education and support,
and (3) care management.

• Pay for performance. Good performance by hospitals participating
in the first year of a joint Premier Inc.–CMS demonstration project (Pre-
mier, 2005b) has made hospitals eligible for increased payments of $8.85
million (Premier, 2005a). The initiative covers five conditions (acute myo-
cardial infarction, coronary artery bypass graft, heart failure, community
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acquired pneumonia, hip and knee replacement) and 34 quality measures,
many of which are medication-related (e.g., ACE inhibitors for heart fail-
ure, beta-blockers after myocardial infarction).

• Innovative approaches to improving quality. Rewarding Results is a
joint initiative of The Robert Wood Johnson Foundation and the California
HealthCare Foundation, with support from the Commonwealth Fund, ad-
ministered by the Leapfrog Group (Rewarding Results, 2002). There are
seven grantees, including Blue Cross Blue Shield of Michigan, which re-
ceived a grant to evaluate its hospital incentive program; this program has
several elements related to medication safety (BCBS of Michigan, 2002).

Interest in pay for performance is growing. According to a 2004 survey,
nearly 100 pay-for-performance initiatives are under way (Baker and Carter,
2005). Many such initiatives, such as Rewarding Results, are currently
being evaluated (RWJF, 2005). As yet there is a limited evidence base
validating these initiatives. In a 2004 review of the literature sponsored by
the Agency for Healthcare Research and Quality (AHRQ), the authors
found only nine randomized controlled trials of pay-for-performance initia-
tives. They concluded there is some evidence supporting the effectiveness of
both payment and reputation incentives, but that there is little unequivocal
evidence on which to establish quality-based purchasing strategies (Dudley
et al., 2004). There are also complex methodological problems to address
in evaluating pay-for-performance initiatives. A lengthy editorial in the
Journal of the American Medical Association has set forth some guidelines
for carrying out pay-for-performance research (Dudley, 2005).

Against this backdrop of uncertainties, the committee recommends that
payers and purchasers continue to experiment with pay for performance
and value-based purchasing to motivate improvement in the medication-
use process The Institute of Medicine’s (IOM) Quality Chasm report drew
attention to the disincentives to quality improvement imbedded within cur-
rent payment approaches (IOM, 2001). The committee believes incentives
should be crafted so that the profitability of hospitals, clinics, pharmacies,
insurance companies, and manufacturers is aligned with patient safety goals;
that is, the incentives should strengthen the business case for quality and
safety.

The committee notes that a majority of the pay-for-performance and
value-based purchasing initiatives undertaken to date have been for institu-
tional care (for example, hospitals and nursing homes). The committee
recommends that such initiatives also be used to foster improvements in the
medication-use process in ambulatory care. Such initiatives might incorpo-
rate measures from the National Voluntary Consensus Standards for Am-
bulatory Care, endorsed in late 2005 by the NQF (NQF, 2005b).

The committee recognizes that the successful application of pay-for-
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performance and value-based purchasing initiatives requires valid and com-
prehensive patient data. The use of robust EHRs with interoperable data
exchange will greatly assist in the implementation of such initiatives.

MEDICATION THERAPY MANAGEMENT

Medication therapy management is a relatively ill-defined set of ser-
vices aimed at optimizing the outcomes of drug therapy for individual
patients. These services can be provided by appropriately qualified health
care providers independently or in conjunction with the provision of medi-
cations by pharmacists. While the concept of medication therapy manage-
ment is promising, there is as yet no clear view as to what services should be
provided or will be cost-effective.

Experiments with medication therapy management have demonstrated
benefits at several levels for diabetes patients. For example, two large self-
insured employers in North Carolina compensated pharmacists on a fee-for-
service basis for providing advisory services to employees with diabetes mel-
litus (the Asheville Project). As a result, hemoglobin A1c levels were better
controlled, and employers’ total mean medical costs decreased by $1,622 per
patient to $3,356 per patient per year (Cranor et al., 2003). Both employers
have permanently added the benefit to their health plans. Another study
examining the impact of pharmacy care services for patients with diabetes
also produced good results (Garrett and Bluml, 2005). Over the initial year of
the program, patients participating in the study showed significant improve-
ment in clinical indicators and higher rates of self-management. Mean total
health costs (including the costs of the medication therapy) were $918 per
patient per year less than employers’ expected total costs.

Under the new Medicare Part D prescription drug benefit, Medicare
beneficiaries who use multiple medications, have multiple chronic condi-
tions, and generate high expenses will be eligible for medication therapy
management at no cost. Congress provided the framework for a prescrip-
tion drug benefit, and CMS is working out the details (Zagaria, 2005).
Among other services, medication therapy management may include for-
mulating a medication treatment plan; selecting, initiating, modifying, or
administering medication therapy; monitoring and evaluating the patient’s
response to therapy, including safety and effectiveness; performing compre-
hensive medication reviews to identify, resolve, and prevent medication-
related problems, including adverse drug events (ADEs); providing verbal
education and training designed to enhance patient understanding and ap-
propriate use of medications; and coordinating and integrating medication
therapy management services within the broader health care–management
services being provided to patients (NACDS Foundation, 2005).

The implementation of the Medicare Part D drug benefit offers an
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opportunity to investigate medication therapy management. The committee
recommends that CMS carry out studies on the use of medication therapy
management addressing the following issues:

• The specific services that should be provided as part of medication
therapy management

• The target populations that would benefit most from these services
• The types of health care personnel that would provide the lowest-

cost, highest-value outcomes through these services
• Whether and how medication therapy management should be

reimbursed
• How potential savings might be shared between insurers and providers

MINIMUM FUNCTIONALITY STANDARDS
FOR INFORMATION TECHNOLOGY

Recent IOM reports have strongly recommended greater use of infor-
mation technology in the delivery of health care (IOM, 2000, 2001, 2004).
A national health information infrastructure—a foundation of systems,
technologies, applications, standards, and policies—is required (IOM,
2004). The IOM’s report on patient safety (IOM, 2004) called upon the
federal government to facilitate the deployment of this infrastructure
through the provision of targeted financial support and the ongoing pro-
mulgation and maintenance of standards for data needed to improve pa-
tient safety. That report also called on health care providers to invest in
EHR systems that would enable the provision of safe and effective care and
the continuous redesign of care processes to improve patient safety (IOM,
2004).

Less than 1 year after the IOM report To Err Is Human: Building a
Safer Health System (IOM, 2000) was released, the California legislature
enacted Senate Bill 1875, requiring all California hospitals to submit a plan
to the Department of Health that would substantially eliminate medication-
related errors (SB 1875, 2000). A 2003 analysis of 344 hospital plans
revealed that California hospitals were planning on average to implement
2.8 error-reducing technology applications by 2005 (Spurlock et al., 2003).
The most frequently cited technology was CPOE (46 percent of hospitals),
followed by pharmacy information systems (44 percent), automated dis-
pensing units (38 percent), and electronic medication administration records
(31 percent).

In September 2005, an expert panel published estimates of the likely
investment by health care providers in EHRs and CPOE systems, based on
current trends. The experts projected that in 5 years, 25–38 percent of
office practices, 29–41 percent of hospitals, 14 percent of skilled nursing
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facilities, and 21 percent of home health agencies would have implemented
EHRs, and that 21–32 percent of office practices, 26–54 percent of hospi-
tals, and 14 percent of skilled nursing facilities would have implemented
CPOE (Kaushal et al., 2005). The committee believes this projected rate of
adoption is too slow and that efforts should be made to speed it up.

The committee believes the California legislation discussed above is an
important step toward the implementation of technologies for reducing
medication errors. The committee believes further that this initiative should
be expanded. Accordingly, the committee recommends that regulators,
accreditors, and legislators set minimum functionality standards for infor-
mation technology as conditions of participation, accreditation require-
ments, and licensing requirements, drawing on existing functionality mod-
els for electronic prescribing (to meet the 2010 deadline recommended in
Chapter 5), CPOE, and EHRs. Several models exist on which to base these
minimum functionality standards:

• The Veterans Health Administration operates one of the largest inte-
grated health information systems in the United States (IOM, 2002). The
Veterans Health Information Systems and Technology Architecture (VistA),
now known as HealtheVet-VistA, is an EHR system that incorporates
CPOE, a clinical ordering and decision-support system providing drug–
drug and drug–disease interactions. This system is available as free, public-
domain software obtainable under the Freedom of Information Act through
e-FOIA at ftp://ftp.va.gov/VistA.2

• The Medicare Modernization Act of 2003 mandated that the Na-
tional Committee on Vital and Health Statistics develop recommendations
for uniform standards to enable electronic prescribing in ambulatory care.
In a September 2004 letter to the secretary of the Department of Health and
Human Services (DHHS), the committee addressed message format stan-
dards (NCVHS, 2004); in a March 2005 letter, the committee addressed
electronic signatures and other issues (NCVHS, 2005).

• An eHealthInitiative report (eHI, 2004) and several journal articles
have outlined functionality standards for electronic prescribing/clinical de-
cision support (Bates et al., 2003; Bell et al., 2004; Teich et al., 2005). The
Leapfrog Group, with support from the California Health Care Foundation
and The Robert Wood Johnson Foundation, is also active in promoting
standards for CPOE (Metzger and Turisco, 2001; Forester et al., 2003),
including electronic prescribing in ambulatory care (Classen, 2005).

2The Healthe Vet-VistA system may also be obtained on DVD from the following address:
Department of Veterans Affairs, VHA Office of Information Field Office, ATTN: National
Help Desk (FOIA Request), 3701 Loop Road East, Building 40, Tuscaloosa, AL 35404.
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• The IOM’s report on patient safety (IOM, 2004: Appendix E) pro-
posed a set of functionality standards for EHRs in hospitals, nursing homes,
and ambulatory care and for the personal health record. These standards
were used as input to Health Level 7’s Electronic Health Record Functional
Model (HL7, 2005).

STATE ELECTRONIC PRESCRIBING LAWS

In November 2001, the California Healthcare Foundation published a
report on electronic prescribing that described a patchwork of laws govern-
ing the practice; for example, 11 states prohibited electronic prescribing by
both in-state and out-of-state providers, and only 4 states allowed it with
the exception of certain drug types (e.g., controlled drugs) (Kilbridge and
Gladysheva, 2001). Laws in many more states are now favorable to elec-
tronic prescribing. By 2004, 43 states allowed prescriber-to-pharmacy elec-
tronic medication orders (NABP, 2004). Allowing electronic connectivity is
not enough, however; some states require dispense-as-written requirements
that cannot be met using electronic technologies.

In November 2005, CMS issued the final rule for electronic prescribing
of drugs covered under Medicare Part D. This rule contains a preemption
covering state laws that prohibit electronic prescribing; that prohibit the
transmission of electronic prescriptions through intermediaries; that re-
quire certain language to be used, such as “dispense as written,” to indicate
whether generic drugs may or may not be substituted; and that require
handwritten signatures or other handwriting on prescriptions (FR, 2005).
As the rule is currently drafted, the scope of preemption includes electronic
prescribing for Part D–eligible individuals (whether or not they are enrolled
in a Part D plan) for drugs that may be covered by Part D in at least some
circumstances (FR, 2005). Thus the preemption does not cover electronic
prescribing for those under 65 and for controlled substances.

The Medicare preemption would create different rules for Medicare
and other payers—which would be costly for prescribers, pharmacies, and
plans to address and administer—and limit the uptake of electronic pre-
scribing. Hence, states should enact legislation consistent with and comple-
mentary to the Medicare Modernization Act’s electronic prescribing provi-
sions and remove existing barriers to the practice. The DHHS and the Drug
Enforcement Administration are working on ways to enable electronic pre-
scribing to encompass controlled substances, an effort the committee be-
lieves to be important.

STATE PHARMACY BOARDS

With a few exceptions, there is currently little or no oversight of com-
munity pharmacies related to medication safety. State boards do send sur-
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veyors out, but they may or may not be pharmacists. What they look for are
issues related to state practice acts; there is no focus on the types of issues
that parallel the requirements hospital pharmacies must meet under the
National Patient Safety Goals of the Joint Commission on Accreditation of
Healthcare Organizations (JCAHO) (JCAHO, 2005) or accreditation re-
quirements for medication management systems (Rich, 2004).

In the community pharmacy setting, there is little understanding of
error rates; for example, the committee could find only one study (Flynn et
al., 2003) on error rates when medications are refilled. In addition, much
greater focus is needed on error prevention strategies. The committee be-
lieves state boards should assume a larger role in learning from errors and
sharing lessons learned with all pharmacies while avoiding punitive mea-
sures in response to reported errors.

A small number of states have developed medication safety initiatives
(NABP, 2004). In 2001, in response to medication error rates and medica-
tion distribution issues, the Massachusetts Board of Registration in Phar-
macy issued a set of best-practice recommendations as standards of profes-
sional practice to be considered for implementation as appropriate by all
pharmacies (MBRP, 2005b), For example, the first recommendation calls
for incident reports to be completed and submitted to the United States
Pharmacopeia (USP)–Institute for Safe Medication Practices (ISMP) Medi-
cation Errors Reporting Program (MERP). These recommendations were
followed up in January 2005 with regulations that require all pharmacies to
establish continuous quality improvement programs by the end of 2005
(MBRP, 2005a). To aid in this process, a quality improvement specialist is
available to advise individual pharmacies. Based on errors reported by
consumers to the board, this specialist can give advice proactively to indi-
vidual pharmacies and in certain situations visit pharmacies to review
progress.

Another important initiative is requiring continuing education on the
topic of medication errors. The state board of New York has implemented
such a requirement, and Pennsylvania will do so soon. New Mexico is one
of a few states that require dispensing errors associated with ADEs to be
reported to the board. The New Mexico Board of Pharmacy is also active in
providing information about preventing medication errors through its
website (NMBP, 2005).

The committee recommends that all state boards of pharmacy imple-
ment quality improvement programs. In particular, the committee recom-
mends that each state convene a voluntary panel of pharmacists (including
a state board member and representatives of hospitals, the community, and
consumers) to review major quality and safety issues associated with medi-
cation dispensing. These issues could be derived from reviews of error
reports. Information about error prevention measures provided by patient
safety organizations could be shared, as well as any reports from state
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reporting programs, recognizing that much can be learned from efforts in
other states and through national programs. The panel should focus on
errors that are most serious and most likely to occur, and review all avail-
able information on the chosen topics. After consulting with experts and
patient safety organizations, as appropriate, the panel should publish its
findings in the state newsletter and ask for voluntary compliance with new
procedures (although oversight by means of surveying would be better),
and perhaps make recommendations to the state board for regulatory
changes.

Quality improvement programs might also include approaches similar
to those adopted in Massachusetts: requiring all pharmacists and pharmacy
technicians to take a few continuing education credits specifically directed
at medication error issues, distributing information about good practice
and recent examples of hazardous situations through a regular newsletter,
and informing patients that complaints regarding medication errors can be
directed to state boards.

The funding of a quality improvement program may be difficult for
many state pharmacy boards. The committee believes Congress should fund
a study on the development and funding of a national medication error
prevention effort in community pharmacies, coordinated by state pharmacy
boards.

REPORTING PROGRAMS FOR MEDICATION
ERRORS/ADVERSE DRUG EVENTS

In Chapter 2, external and internal error reporting programs were
discussed briefly, while the committee’s recommendations for internal moni-
toring programs were presented in Chapter 5. This section addresses the
committee’s recommendations for external reporting programs.

Ways to Encourage Reporting

Generally, rates of reporting of errors and hazardous situations to
external programs have been low (Leape, 2002). Although it may take only
a few reports to raise awareness about a hazardous condition that requires
immediate attention, errors need to be reported and analyzed if improve-
ments in care are to be effected. Accordingly, the committee recommends
that medication error and ADE reporting both internally and to external
programs be promoted by care providers, accreditation agencies, state pro-
fessional boards, and the relevant state and federal agencies.

Reporting programs are the primary means of providing early warnings
of new types of errors, errors at the interfaces between care providers, and
errors in care settings without EHRs (the majority of care settings today) or
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settings that may never have EHRs (for example, the home). Voluntary
reporting to an external program is often the only way providers can effect
change outside their organization. Computerized analysis of patient records
using a database trigger system (see Chapter 5) will be an important way of
identifying many medication errors, but will not eliminate the need for
reporting programs.

Legal impediments likely represent one key barrier to external report-
ing. The signing into law of the Patient Safety and Quality Improvement
Act of 2005 (P.L. 109-41), which contains legal liability protections re-
lated to reporting, should encourage more reporting. The legislation calls
for the establishment of patient safety organizations that will receive con-
fidential patient safety data, including error reports; analyze the data; and
disseminate recommendations for ways to reduce the risk of errors. The
information provided to patient safety organizations will not be usable as
evidence in the event of civil or administrative legal proceedings. Work is
currently under way on defining the certification process for patient safety
organizations.

Given the sometimes negative attitudes toward reporting of errors,
multiple channels of reporting should be encouraged. Some systems will
accept the simplest form of reporting, such as a narrative of the event
delivered orally or in written form, while others will require a narrative plus
structured data items using a computer system. For the latter, a single
national taxonomy should be agreed upon and used.

A National Taxonomy: Better Coordination of Reporting Programs

In an institutional setting, reports are often funneled through a patient
safety office that provides multiple outputs to local institutions (e.g., hospi-
tal systems), state reporting systems, federal systems (e.g., MedWatch), and
proprietary programs (e.g., USP MedMarx, University Hospital Consor-
tium Patient Safety Net) as appropriate. A national taxonomy with suffi-
cient granularity would facilitate reporting to multiple programs.

The committee believes better coordination of all reporting systems is
needed. Regulation of drugs is done at the federal level through the Food
and Drug Administration (FDA), yet many of the reporting systems are
implemented at the state level, with great variability in the incidents that
must be reported and the data collected for each incident. There is a need
for greater uniformity among state-based and other systems so the data can
be aggregated to aid in shaping health policy. The use of a national tax-
onomy by all reporting systems would greatly facilitate such coordination.
Using a single taxonomy would also enable databases to merge for data-
mining purposes. The difficulty of developing a single taxonomy is illus-
trated by the experience of a nursing faculty member at MD Anderson, who
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studied 50 different incident reporting systems and found 856 different
data fields (Personal communication, Deborah Simmons, October 6, 2005).
Further, the development of a consistent taxonomy for patient safety is a
critical bottleneck affecting the rapidity with which automated safety sur-
veillance systems can be deployed.

The past few years have seen significant progress toward the establish-
ment of a national taxonomy for patient safety. As noted in Chapter 7,
JCAHO has taken a leadership role in the development of such a taxonomy
(Chang et al., 2005). The goals of this effort are to promote a national
reporting system for adverse events through the use of a standardized pa-
tient safety taxonomy and ontology. The Patient Safety Event Taxonomy
(PSET) developed by JCAHO (and approved by NQF in August 2005)
combines and classifies data from disparate reporting systems to facilitate
comparisons across hospitals (NQF, 2005a). The second application devel-
oped under the study is the Hospital Incident Reporting Ontology (HIRO),
which examines the relationships among the variables collected and classi-
fied by the PSET to facilitate data mining and sharing of patient safety data
among hospitals. Lessons learned during the study will be disseminated to
the health care community (http://wwwcf.nlm.nih.gov/hsr_project/view_
hsrproj_record.cfm?PROGRAM_CAME=search_fields.cfm&NLMUNI QUE_
ID= 20051166&SEARCH_FOR=reporting).

The IOM report on patient safety (IOM, 2004) described the need for
a common patient safety reporting format, as well as the minimum data
that should be collected in a standard report. The domain areas described
include the following:

• The discovery
• The event itself
• A narrative of the event, including contributing factors
• Ancillary information
• Detailed causal analysis
• Lessons learned

Under the Patient Safety and Quality Improvement Act of 2005 (P.L.
109-41), the Secretary of the DHHS may determine common formats for
reporting to and among a network of patient safety databases. Consider-
ation should also be given to using the World Health Organization’s Draft
Guidelines for Adverse Event Reporting and Learning Systems, which are
designed to promote an international reporting system (WHO, 2005).

Reporting of Practice-Related Errors

Practice-related reports make up a minority of the reports in Med-
Watch, an FDA system focused on ADEs. These practice-related error re-
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ports are an important resource but are difficult to retrieve for those outside
the FDA. A Freedom of Information Act request may be filed, but without
knowing the nature of the reports, it is difficult to know what needs to be
retrieved. Moreover, the retrieval process may take several months to com-
plete. The committee believes it might be more conducive to learning if
practice-related medication errors were reported initially to USP or ISMP-
MERP, which would automatically pass all such error reports on to the
FDA MedWatch program.

Administrative Databases

Until the widespread implementation of EHRs is realized, the com-
mittee believes claims databases should continue to be used for pay-for-
performance, accountability reporting, and policy development purposes.
The addition of diagnostic test results to administrative data will expand
the range of possible quality measurement. For example, it will be pos-
sible to use Health Plan Employer Data and Information Set (HEDIS)
measures for glycemic control and for achievement of goals for reducing
LDL (low-density lipoprotein) cholesterol.

In testimony to the Senate Finance Committee in July 2005 (MedPAC,
2005), MedPAC stated that claims data are an important source for assess-
ing the performance of providers of Medicare services. MedPAC recom-
mended that the information on claims forms be expanded. Measurement
of the rate of adverse events in hospitals would require information on the
conditions present in the patient on arrival at the hospital. In the ambula-
tory setting, claims data would be an even better source for quality mea-
sures if they could be linked to prescription data from the Medicare Part D
program (when available) and laboratory data.

Data from the Part D program also have the potential to be a useful
resource for understanding and preventing medication errors, especially for
medication use by the elderly and the chronically ill (Platt and Ommaya,
2005). These data will be more valuable still if Medicare drug claims can be
linked with diagnosis and procedure claims, as has been proposed by CMS
(CMS, 2005). Such linked databases would help provide evidence on the
occurrence of ADEs and the costs of such events.

Reporting Back

Reporting programs should provide feedback locally to reporters to the
extent possible. Similarly, state- and federally based databases that aggre-
gate and analyze these data should regularly provide feedback to health
care practitioners, health care organizations, industry, and policy makers.
Providing feedback is often a challenge as there may be only a small number
of reported events, the programs may lack the resources to carry out the
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analyses, and user-friendly reporting formats are difficult to craft. In this
regard, in 2005 the National Academy for State Health Policy produced
some important guidance on how state adverse event data can be used to
improve patient safety (Rosenthal and Booth, 2005).

The ideal reporting system would facilitate widespread access to the
databases to speed improvement in the accuracy of medication prescribing,
dispensing, and administration processes. An individual health care profes-
sional should eventually be able to review errors and effective preventive
actions by searching the Internet.

WORKFORCE DEVELOPMENT AND RETOOLING

The training of health care professionals addresses medication safety
insufficiently, despite frequent recommendations to increase the emphasis
on medication safety in training programs (HRSA, 2000; IOM, 2000, 2003;
AAMC, 2003). In an interview coinciding with the fifth anniversary of the
release of the IOM’s To Err Is Human report (IOM, 2000), Timothy
Flaherty, MD, chairman of the board of the National Patient Safety Foun-
dation, commented that medical education is an area in which patient
safety has seen no dramatic improvements (NPSF, 2004).

A 2000 survey of U.S. internal medicine clerkships and internal medi-
cine residency programs for third-year medical students found that little or
none of the curriculum had been dedicated to clinical pharmacology during
medical school, and only modest amounts during internal medicine resident
training (Rosebraugh et al., 2002). The committee is very concerned about
this low level of training in clinical pharmacology given the amount of
medication prescribing in clinical practice. A 2001 survey of schools of
pharmacy in the United States found that the quality and quantity of in-
struction in medication errors varied significantly, and that key domains of
knowledge were lacking in some programs (Johnson et al., 2002). A small
survey of the state members of the National Council of State Boards of
Nursing revealed that nursing education programs are required by most
states to include generic content on medication administration safety, but
only one state (Florida) mandates continuing nursing education specifically
focused on medication errors (Personal communication, Kathleen Stevens,
EdD, RN, December 6, 2005).

Within individual institutions, considerable variability can be found
across the various professional schools. Prior to the introduction of an
interprofessional patient safety course at Creighton University (Galt et al.,
in press), for example, the patient safety materials already included in the
curriculum for each of the health professions (nursing, medicine, pharmacy,
physical therapy, and dentistry) were narrowly focused and integrated into
other courses. Further, despite the recognition that interprofessional col-
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laboration is a major element in the delivery of quality care (IOM, 2001),
there is limited interprofessional education related to patient safety (Mitchell
et al., 2005).

A number of institutions are beginning to offer courses in medication/
patient safety:

• The Faculty Leadership in Interprofessional Education to Promote
Patient Safety project created a patient safety–oriented curriculum for the
training of health profession faculty leaders (Mitchell et al., 2005).

• Creighton University has an interprofessional patient safety course avail-
able for students in business, law, social work, medicine, pharmacy, physical
therapy, occupational therapy, nursing, and dentistry (Creighton, 2005).

• The British Pharmacological Society’s Clinical Section Committee
has developed a core curriculum for the teaching of safe and effective
prescribing in U.K. medical schools (Maxwell and Walley, 2003).

• With the help of a grant from AHRQ, a continuing education cur-
riculum in ambulatory care aimed at advancing patient safety and incorpo-
rating a medication errors module was developed (Mottur-Pilson, 2005).

• The University of Wisconsin-Madison Center, again with funding
from AHRQ, has developed a graduate certificate in patient safety (BT
Karsh). The certificate requires five courses (including a mandatory course
on medication-use safety), a patient safety practicum, and a series of semi-
nars by guest lecturers.

• Through a grant from AHRQ, the National Patient Safety Founda-
tion partnered with the Medical College of Wisconsin to develop web-
based educational patient safety materials for physicians, nurses, and pa-
tients (Hendee et al., 2005; NPSF, 2005).

Other sources of educational material are the Centers for Education
and Research on Therapeutics, a research program administered by AHRQ
in consultation with the FDA and agencies within DHHS. The mission of
the Centers for Education and Research on Therapeutics is to conduct
research and provide education that will advance the optimal use of drugs,
medical devices, and biological products. In early 2006, four more centers,
including one devoted to consumer use of medication, were added to the
network (CERTS, 2006).

Finally, regarding the use of information technology systems to im-
prove medication safety, a joint American Health Information Manage-
ment Association/American Medical Informatics Association report has
pointed out that no systematic plan exists for training the current health
care workforce to use information technology tools to do their jobs
(AHIMA/AMIA, 2006). This report called on the health care industry to
educate its employees at all levels that information technology is an integral
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part of health care work. To address this challenge, the American Medical
Informatics Association announced its 10-by-10 program, which aims to
realize a goal of training 10,000 health care professionals, especially in
applied clinical informatics, by the year 2010 (AMIA, 2005).

The committee recommends that the relevant accreditation organiza-
tions—the Liaison Committee on Medical Education, Accreditation Coun-
cil for Graduate Medical Education, Accreditation Council for Continuing
Medical Education, Accreditation Council for Pharmacy Education, Ameri-
can Society of Health-System Pharmacists, National League for Nursing
Accrediting Commission, and Commission on Collegiate Nursing Educa-
tion—ensure that the curricula of undergraduate and graduate pharmacy,
nursing, and medical schools and continuing education include:

• Appropriate medication safety modules to cover an overview of the
system for drug development, regulation, distribution, and use; an under-
standing of where medication errors can take place; the need to monitor
continuously for medication errors; how to recognize medication errors
and the tools for identifying such errors; what to do once a medication
error has been found; reporting and analysis of medication errors; and ways
of improving the safety of the medication-use process.

• Appropriate clinical pharmacology training commensurate with the
amount of medication prescribing in clinical practice.

• Training in the delivery of patient-centered care and the use of infor-
mation technology tools to enable implementation of the recommendations
presented in Chapters 4 and 5.

REFERENCES

AAMC (Association of American Medical Colleges). 2003. Patient Safety and Graduate Medi-
cal Education. Washington, DC: AAMC.

AHIMA/AMIA (American Health Information Management Association/American Medical
Informatics Association). 2006. Building the Work Force for Health Information Trans-
formation. Chicago, IL: AHIMA and Bethesda, MD: AMIA.

AMIA (American Medical Informatics Association). 2005. Training Health Care Profession-
als to Serve as Local Informatics Leaders and Champions, 2005. [Online]. Available:
http://www.amia.org/10x10 [accessed May 7, 2006].

Baker G, Carter B. 2005. Provider Pay-for-Performance Incentive Programs: 2004 National
Study Results. San Francisco, CA: Med-Vantage.

Bates DW, Kuperman GJ, Wang S, Gandhi T, Kittler A, Volk L, Spurr C, Khorasani R,
Tanasijevic M, Middleton B. 2003. Ten commandments for effective clinical decision
support: Making the practice of evidence-based medicine a reality. Journal of the Ameri-
can Medical Informatics Association 10(6):523–530.

BCBS of Michigan. 2002. Rewarding Results Grantees: Blue Cross Blue Shield of Michigan.
[Online]. Available: http://www.leapfroggroup.org/RewardingResults/bcbsmi.htm [ac-
cessed October 30, 2005].

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

ACTION AGENDAS FOR OVERSIGHT, REGULATION, AND PAYMENT 345

Bell DS, Cretin S, Marken BS, Landman AB. 2004. A conceptual framework for evaluating
outpatient electronic prescribing systems based on their functional capabilities. Journal
of the American Medical Informatics Association 11(1):60–70.

Berwick DM. 2002. A user’s manual for the IOM’s “Quality Chasm” report. Health Affairs
(Millwood) 21(3):80–90.

Berwick DM, James B, Coye MJ. 2003. Connections between quality measurement and im-
provement. Medical Care 41(Suppl. 1):130–138.

BTE (Bridges to Excellence). 2003. Bridges to Excellence: Rewarding Quality Across the
Healthcare System. [Online]. Available: http://www.bridgestoexcellence.org/bte [accessed
October 30, 2005].

CERTS (Centers for Education and Research on Therapeutics). 2006. AHRQ Expands Thera-
peutics Education and Research Network to Focus on Critical Issues Facing the Health
Care System. [Online]. Available: http://www.certs.hhs.gov/whats_new/archive/2006/
20060425_01.html [accessed May 7, 2006].

Chang A, Schyve PM, Croteau DJ, O’Leary DS, Loeb JM. 2005. The JCAHO patient safety
event taxonomy: A standardized terminology and classification schema for near misses
and adverse events. International Journal for Quality in Health Care 17(2):95–105.

Classen D. 2005. A national standard for medication use. In: Building a Better Delivery
System: A New Engineering/Health Care Partnership, NAE/IOM. Washington, DC: The
National Academies Press.

CMS (Centers for Medicare and Medicaid Services). 2005. Medicare Prescription Drug Data
Strategy: Improving Evidence for Patient Care Through the Medicare Prescription Drug
Benefit. Washington, DC: Department of Health and Human Services.

Cranor CW, Bunting BA, Christensen DB. 2003. The Asheville Project: Long-term clinical
and economic outcomes of a community pharmacy diabetes care program. Journal of
the American Pharmaceutical Association 43(2):173–184.

Creighton. 2005. Interprofessional IPE 410 Foundations in Patient Safety. [Online]. Avail-
able: http://www.creighton.edu/ipe/ptsafetyspring05.htm [accessed November 2, 2005].

DHHS (U.S. Department of Health and Human Services). 2005. Hospital Compare. [Online].
Available: http://www.hospitalcompare.hhs.gov [accessed October 17, 2005].

Dudley RA. 2005. Pay-for-performance research: How to learn what clinicians and policy
makers need to know. Journal of the American Medical Association 294(14):1821–1823.

Dudley RA, Frolich A, Robinowitz DL, Talavera JA, Broadhead P, Luft HS. 2004. Strategies
to Support Quality-Based Purchasing: A Review of the Evidence. Rockville, MD: Agency
for Healthcare Research and Quality.

eHI (eHealth Initiative). 2004. Electronic Prescribing: Toward Maximum Value and Rapid
Adoption. Washington, DC: eHI.

Flynn EA, Barker KN, Carnahan BJ. 2003. National observational study of prescription
dispensing accuracy and safety in 50 pharmacies. Journal of the American Pharmaceuti-
cal Association 43(2):191–200.

Forester AJ, Murff HJ, Peterson JF, Gandhi TK, Bates DW. 2003. The incidence and severity
of adverse events affecting patients after discharge from the hospital. Annals of Internal
Medicine 138(3):161–167.

FR (Federal Register). 2005. Department of Health and Human Services: Centers for Medi-
care and Medicaid Services: 42 CFR Part 423: Medicare Program; E-Prescribing and
Prescription Drug Program; Final Rule. Washington, DC: National Archives and Records
Administration.

Galt KA, O’Brien R, Paschal K, Clark B, Bramble JD, Gleason J, McQuillan R, Graves J,
Harris B, Hoidal P, Mahern C, Mu K, Rule A, Scheirton L, Gerardi D, Sonnino R,
Bradberry JC. In press. Description and evaluation of an interprofessional patient safety
course for health professions and related sciences students. Journal of Patient Safety.

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

346 PREVENTING MEDICATION ERRORS

Garrett DG, Bluml BM. 2005. Patient self-management program for diabetes: First-year clini-
cal, humanistic, and economic outcomes. Journal of the American Pharmaceutical As-
sociation 45(2):130–137.

Hendee WR, Keating-Christensen C, Loh YH. 2005. Development of a patient safety web-
based education curriculum for physicians, nurses, and patients. Journal of Patient Safety
1(2):90–99.

HL7 (Health Level 7). 2005. HL7 Electronic Health Record (EHR) Technical Committee’s
Home Page. [Online]. Available: http://www.hl7.org/ehr [accessed October 16, 2005].

HRSA (Health Resources and Services Administration). 2000. Collaborative Education to
Ensure Patient Safety: Council on Graduate Medical Education and National Advisory
Council on Nurse Education and Practice. Washington, DC: DHHS.

IOM (Institute of Medicine). 2000. To Err Is Human: Building a Safer Health System. Wash-
ington, DC: National Academy Press.

IOM. 2001. Crossing the Quality Chasm: A New Health System for the 21st Century. Wash-
ington, DC: National Academy Press.

IOM. 2002. Leadership by Example: Coordinating Government Roles in Improving Health
Care Quality. Washington, DC: The National Academies Press.

IOM. 2003. Health Professions Education: A Bridge to Quality. Washington, DC: The Na-
tional Academies Press.

IOM. 2004. Patient Safety: Achieving a New Standard for Care. Washington, DC: The Na-
tional Academies Press.

JCAHO (Joint Commission on Accreditation of Healthcare Organizations). 2005. 2006 Criti-
cal Access Hospital and Hospital National Patient Safety Goals. [Online]. Available:
http://www.jcipatientsafety.org/show.asp?durki=10293&site=164&return=10289 [ac-
cessed August 22, 2005].

Johnson MS, Latif DA, Gordon B. 2002. Medication error instruction in schools of pharmacy
curricula: A descriptive study. American Journal of Pharmaceutical Education 66:364–371.

Kaushal R, Bates DW, Poon EG, Jha AK, Blumenthal D. 2005. Functional gaps in attaining a
national health information network. Health Affairs (Millwood) 24(5):1281–1289.

Kilbridge P, Gladysheva K. 2001. E-Prescribing. Oakland, CA: California HealthCare
Foundation.

Leape LL. 2002. Reporting of adverse events. New England Journal of Medicine 347(20):
1633–1638.

Leapfrog. 2005. The Leapfrog Group Fact Sheet. [Online]. Available: http://www.leapfrog
group.org/about_us/leapfrog-factsheet [accessed October 17, 2005].

Maxwell S, Walley T. 2003. Teaching safe and effective prescribing in UK medical schools: A
core curriculum for tomorrow’s doctors. British Journal of Clinical Pharmacology 55(6):
496–503.

MBRP (Massachusetts Board of Registration in Pharmacy). 2005a. April Newsletter: Item 5.
The Board Adopts New Regulations to Improve Patient Outcomes. Boston, MA: MBRP.

MBRP. 2005b. Massachusetts Board of Registration in Pharmacy. [Online]. Available: http:
//www. mass.gov/dpl/boards/ph/cmr/24175.htm [accessed January 10, 2006].

MedPAC (Medicare Payment Advisory Commission). 2005. Testimony: Pay for Performance
in Medicare (July 27, 2005). U.S. Senate, Committee on Finance. [Online]. Available:
http://www.medpac.gov/publications/generic_report_display.cfm?report_type_id=
2&sid=2&subid=0 [accessed October 17, 2005].

Metzger J, Turisco F. 2001. Computerized Physician Order Entry: A Look at the Vendor
Marketplace and Getting Started. Washington, DC: The Leapfrog Group.

Mitchell PH, Robins LS, Schaad D. 2005. Creating a curriculum for training health profes-
sion faculty leaders. In: Henrikson K, Battles JB, Marks ES, Lewin DI, eds. Advances in
Patient Safety: From Research to Implementation. Rockville, MD: Agency for Health-
care Research and Quality.

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

ACTION AGENDAS FOR OVERSIGHT, REGULATION, AND PAYMENT 347

Mottur-Pilson C. 2005. An ambulatory care curriculum for advancing patient safety. In:
Henrikson K, Battles JB, Marks ES, Lewin DI, eds. Advances in Patient Safety: From
Research to Implementation. Rockville, MD: Agency for Healthcare Research and
Quality.

NABP (National Association of Boards of Pharmacy). 2004. Survey of Pharmacy Law. Mount
Pleasant, IL: NABP.

NACDS Foundation (National Association of Chain Drug Stores Foundation). 2005. National
Association of Chain Drug Stores Foundation: Medication Therapy Management in Com-
munity Pharmacy Practice. [Online]. Available: http://www.nacdsfoundation.org/user-
assets/Documents/PDF/MTM%20Model%20final.pdf [accessed November 13, 2005].

NCQA (National Committee for Quality Assurance). 2004. Bridges to Excellence: Physician
Office Link. [Online]. Available: http://www.ncqa.org/pol [accessed October 17, 2005].

NCVHS (National Committee on Vital and Health Statistics). 2004. Letter to Secretary
Thompson at DHHS, September 2, 2004. [Online]. Available: http://www.ncvhs.hhs.gov/
040902lt2.htm [accessed October 30, 2005].

NCVHS. 2005. Letter to Secretary Leavitt at DHHS, March 4, 2005. [Online]. Available:
http://www.ncvhs.hhs.gov [accessed October 30, 2005].

NMBP (New Mexico Board of Pharmacy). 2005. New Mexico Board of Pharmacy: Adverse
Drug Events and Medication Errors. [Online]. Available: http://www.state.nm.us/
pharmacy [accessed January 10, 2006].

NPSF (National Patient Safety Foundation). 2004. Focus on Patient Safety Newsletter. Vol. 7,
No. 3. Five Years After To Err Is Human: A Look at the Patient Safety Landscape.
[Online]. Available: http://www.npsf.org/html/Focus.html [accessed October 13, 2005].

NPSF. 2005. National Patient Safety Foundation: Patient Safety Programs and Opportuni-
ties. [Online]. Available: http://www.npsf.org/html/programs.html [accessed November
2, 2005].

NQF (National Quality Forum). 2003. Safe Practices for Better Healthcare: A Consensus
Report. Washington, DC: NQF.

NQF. 2005a. National Quality Forum Endorses Voluntary Consensus Standard for Stan-
dardizing a Patient Safety Taxonomy. August 3, 2005. [Online]. Available: http://www.
qualityforum.org/news/home.htm [accessed November 26, 2005].

NQF. 2005b. NQF Endorses Additional Voluntary Consensus Standards for Standardizing
Measures of Physician-Focused Ambulatory Care. October 11, 2005. [Online]. Avail-
able: http://www.qualityforum.org/news/home.htm [accessed November 26, 2005].

Platt R, Ommaya A. 2005. A beneficial side effect of the Medicare drug benefit. New England
Journal of Medicine 353(26):2742–2743.

Premier. 2005a. CMS/Premier Pay-for-Performance Model Produces Remarkable Quality
Improvements Among Nation’s Hospitals. [Online]. Available: http://www.premierinc.
com/all/newsroom/press-releases/05-nov/cms-pay-for-performance-year-one-results.jsp
[accessed November 26, 2005].

Premier. 2005b. HQI Demonstration Overview. [Online]. Available: http://www.premierinc.
com/all/quality/hqi/index.jsp [accessed October 17, 2005].

Rewarding Results. 2002. Rewarding Results: About the Program. [Online]. Available: http://
www.leapfroggroup.org/RewardingResults/about.htm [accessed October 30, 2005].

Rich DS. 2004. New JCAHO medication management standards for 2004. American Journal
of Health-System Pharmacy 61(13):1349–1358.

Rosebraugh CJ, Honig PK, Yasuda SU, Pezzullo JC, Woosley RL. 2002. Centers for educa-
tion and research on therapeutics report: Survey of medication errors education during
undergraduate and graduate medical education in the United States. Clinical Pharmacol-
ogy and Therapeutics 71(1):4–10.

Rosenthal J, Booth M. 2005. Maximizing the Use of State Adverse Event Data to Improve
Patient Safety. Portland, ME: National Academy for State Health Policy.

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

348 PREVENTING MEDICATION ERRORS

RWJF (Robert Wood Johnson Foundation). 2005. Robert Wood Johnson Foundation: Evalu-
ation of the Rewarding Results Program. [Online]. Available: http://www.rwjf.org/
research/researchdetail.jsp?id=2154&ia=142 [accessed October 30, 2005].

SB 1875 (Senate Bill 1975). 2000. California Senate Bill 1875. [Online]. Available: http://
info.sen.ca.gov/pub/99-00/bill/sen/sb_1851-1900/sb_1875_bill_20000928_chaptered.
html [accessed October 30, 2005].

Spurlock B, Nelson M, Paterno J, Tandel S. 2003. Legislating Medication Safety: The Califor-
nia Experience. Oakland, CA: California Healthcare Foundation.

Teich JM, Osheroff JA, Pifer EA, Sittig DF, Jenders RA, The CDS Expert Review Panel. 2005.
Clinical decision support in electronic prescribing: Recommendations and an action
plan: Report of the joint clinical decision support workgroup. Journal of the American
Medical Informatics Association 12(4):365–376.

WHO (World Health Organization). 2005. World Alliance for Patient Safety: WHO Draft
Guidelines for Adverse Event Reporting and Learning Systems. Geneva, Switzerland:
WHO.

Zagaria ME. 2005. Senior care: Medication therapy management services. U.S. Pharmacist
4:35–42.

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

349

A

Biographical Sketches of
Committee Members

J. Lyle Bootman, Ph.D., Sc.D., Cochair, is dean and professor at the Uni-
versity of Arizona College of Pharmacy. He is the founding and executive
director of the University of Arizona Center for Health Outcomes and
PharmacoEconomic (HOPE) Research, one of the first such centers devel-
oped in the world. Dr. Bootman also holds a joint appointment as professor
in both the College of Medicine and the College of Public Health. He is
former president of the American Pharmaceutical Association. He received
his pharmacy education at the University of Arizona and his doctorate at
the University of Minnesota. Additionally, he completed a clinical phar-
macy residency at the National Institutes of Health. Dr. Bootman has re-
ceived numerous outstanding achievement awards, most notably from the
American Association of Pharmaceutical Scientists and the American Phar-
maceutical Association. He has published several books, including the first
text introducing the principles of pharmacoeconomics, which is used in
more than 35 countries and translated into six languages. His research
regarding the outcomes of drug-related morbidity and mortality has re-
ceived worldwide attention by the professional and public media. Dr.
Bootman is a member of the Institute of Medicine (IOM).

Linda R. Cronenwett, Ph.D., M.A., R.N., Cochair, is dean and professor of
the School of Nursing, University of North Carolina (UNC) at Chapel Hill,
and associate chief nursing officer for Academic Affairs at the University of
North Carolina Hospitals. She is a member of the board of directors of

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

350 APPENDIX  A

the Institute for Healthcare Improvement and The Robert Wood Johnson
Foundation’s Transforming Care at the Bedside National Advisory Com-
mittee. Dr. Cronenwett earned her master’s degree in nursing from the
University of Washington and her undergraduate and doctoral degrees from
the University of Michigan. Prior to her appointment as dean, she was
Sarah Frances Russell Distinguished Professor of Nursing Systems at UNC-
Chapel Hill. Dr. Cronenwett is an elected fellow of the American Academy
of Nursing and the National Academies of Practice. She served the scientific
community as a member of the Nursing Research Study Section and subse-
quently as a member of the National Advisory Council for Nursing Re-
search at the National Institutes of Health. She has served on the editorial
advisory boards of Applied Nursing Research, the Online Journal of Knowl-
edge Synthesis for Nursing, the Journal of Nursing Measurement, and the
Joint Commission Journal on Quality Improvement. She has held numer-
ous offices in professional associations, including president of the New
Hampshire Nurses Association and chair of the American Nurses Asso-
ciation’s Congress of Nursing Practice. She is currently principal investiga-
tor for a national initiative, Quality and Safety Education for Nurses, funded
by The Robert Wood Johnson Foundation. Through organizational initia-
tives, she provides leadership for efforts to improve health care education to
ensure that future health professionals will be committed to and capable of
creating and constantly improving the safety and quality of the health care
delivery systems in which they work.

David W. Bates, M.D., M.Sc., is chief of the Division of Internal Medicine
at the Brigham and Women’s Hospital in Boston, Massachusetts, and a
professor at Harvard Medical School and the Harvard School of Public
Health, where he is codirector of the Program in Clinical Effectiveness. He
is also the medical director of clinical and quality analysis for Partner’s
Healthcare Systems, where he evaluates the impact of information systems
across the Partner’s network. Dr. Bates’ primary interest has been the use of
computer systems to improve care, and he has conducted extensive work on
evaluating the incidence and preventability of adverse drug events. At the
national level, Dr. Bates is chair of the National Alliance for Primary Care
Informatics, and he served as one of two science advisors to the SCRIPT
project, which developed medication indicators for the Centers for Medi-
care and Medicaid Services (CMS). In addition, he serves as an advisor to
the Leapfrog Group on computerized order entry and is the editor of the
Journal of Clinical Outcomes Management. Dr. Bates received his M.D.
from The Johns Hopkins University School of Medicine in 1983; in 1990,
he received his M.Sc. from the Harvard School of Public Health. Dr. Bates
is a practicing, board-certified physician in internal medicine.

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

APPENDIX  A 351

Robert M. Califf, M.D., is associate vice chancellor for clinical research;
director of the Duke Clinical Research Institute (DCRI); and professor of
medicine, Division of Cardiology, at the Duke University Medical Center,
Durham, North Carolina. He has served as an editor of landmark text-
books on cardiovascular medicine and has been an author or coauthor of
more than 650 peer-reviewed journal articles. Dr. Califf has led the DCRI
efforts for many of the best-known clinical trials in cardiovascular disease.
He is considered an international leader in the fields of health outcomes,
quality of care, and medical economics. Additionally, he has served on the
Cardiorenal Advisory Panel of the U.S. Food and Drug Administration
(FDA) and the Pharmaceutical Roundtable of the IOM. He also served on
the IOM committee that recommended Medicare coverage of clinical trials,
and he is director of the coordinating center for the Centers for Education
& Research on Therapeutics (CERTs), a public–private partnership among
the Agency for Healthcare Research and Quality, the FDA, academia, the
medical products industry, and consumer groups. This partnership focuses
on research and education that will advance the best use of medical prod-
ucts. Dr. Califf graduated from Duke University in 1973 and from Duke
University Medical School in 1978. He performed his internship and resi-
dency at the University of California at San Francisco and his fellowship in
Cardiology at Duke University. He is board-certified in internal medicine
(1984) and cardiology (1986) and is a fellow of the American College of
Cardiology (1988).

H. Eric Cannon, Pharm.D., is director of pharmacy services and health and
wellness at IHC Health Plans, a division of Intermountain Health Care in
Salt Lake City, Utah. IHC is an integrated health care system with 20
hospitals, 68 physician clinics and surgery centers, and more than 450
employed community-based physicians. Dr. Cannon has worked in phar-
macy for the past 15 years. He received his doctor of pharmacy degree from
Idaho State University. He has pharmacy experience in the hospital, retail,
long-term care, and home health areas. Dr. Cannon is a member of the
Academy of Managed Care Pharmacy and currently serves on the legisla-
tive committee, which he will chair in the coming year. At IHC Health
Plans, he works to develop, implement, and administer programs to control
the cost and utilization of pharmaceuticals within the IHC system. He
makes frequent presentations to employers, brokers, and health care pro-
viders on pharmaceutical trends and pharmaceutical management tech-
niques. Dr. Cannon has responsibility for the management and administra-
tion of pharmaceuticals used by IHC’s members. As cochair of IHC’s
Corporate Pharmacy and Therapeutics Committee, he helps promote physi-
cian/pharmacy education and interaction programs, as well as formulary

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

352 APPENDIX  A

development and maintenance. Through IHC Health Plans, he is working
to incorporate outcomes-based pharmacoeconomic research into the for-
mulary process. Recently, Dr. Cannon helped establish Utah AWARE, an
alliance of health care providers, payers, and the pharmaceutical industry in
the state of Utah that is working to educate the community about appropri-
ate antibiotic use. He is actively involved in Intermountain’s efforts in
clinical integration, disease management, and research. In addition to his
responsibilities for pharmacy, Dr. Cannon oversees all health and wellness
programs for the plan. He is currently working with employers to imple-
ment health management designed to improve employee productivity and
decrease absenteeism.

Rebecca W. Chater, R.Ph., M.P.H., is director of clinical services, Kerr
Drug, Inc./KDI Clinical Services. She is a national leader in community
pharmacy practice innovation. She earned both her B.S. in pharmacy and
master’s in public health from UNC-Chapel Hill. A past faculty member of
the UNC School of Pharmacy, she is president of the North Carolina Board
of Pharmacy and a former trustee of the American Pharmacists Association.
She has served in several leadership capacities with the National Associa-
tion of Boards of Pharmacy. She is the 2005 recipient of the North Carolina
Association of Pharmacists Innovative Pharmacy Practice Award. Ms.
Chater has served on key national committees to develop a consensus defi-
nition of medication therapy management (MTM), design a model frame-
work for MTM delivery, and collaborate with the American Medical Asso-
ciation to successfully establish Current Procedural Terminology billing
codes specific to pharmacist services. Additionally, she was concept origi-
nator and project manager for Kerr’s new Community Healthcare Center,
which anchors clinical community pharmacy services as central to an inter-
disciplinary health care practice. Ms. Chater has more than 100 presenta-
tions and publications to her credit and has been invited to lend her exper-
tise to more than 30 advisory boards. She is a fellow of both the American
Pharmacists Association and of the Wharton School of Business.

Michael R. Cohen, Sc.D., is president of the Institute for Safe Medication
Practices (ISMP), an independent nonprofit agency that reviews medication
error reports submitted by practitioners to the national medication errors
reporting programs operated by the U.S. Pharmacopeia (USP) and the Food
and Drug Administration (FDA). ISMP also provides expert analysis of
medication-related events for the Patient Safety Authority of the Common-
wealth of Pennsylvania, which operates the Pennsylvania Patient Safety
Reporting System. ISMP regularly provides drug safety alerts to an esti-
mated 3.5 million U.S. and international readers through various profes-
sional journals; newsletters; websites; and four ISMP Medication Safety

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

APPENDIX  A 353

Alert! publications tailored for consumers, acute care, nurses, and commu-
nity/ambulatory care providers. Dr. Cohen serves as associate editor of the
Journal of Hospital Pharmacy and is on the editorial boards of the Journal
of Intravenous Nurse Society, Journal of Patient Safety, Nursing 2006, and
Healthcare Risk Control (ECRI, Plymouth Meeting, Pennsylvania). He also
is a member of the Sentinel Event Advisory Group for the Joint Commision
on Accreditation of Healthcare Organizations (JCAHO), and a member of
the FDA’s Drug Safety and Risk Management Advisory Panel. Dr. Cohen is
author of the book Medication Errors (APhA, 2006).

James B. Conway, M.S., is senior fellow at the Institute for Healthcare
Improvement, Cambrige, Massachusetts, and senior consultant at the Dana-
Farber Cancer Institute, Boston, Massachusetts. Previously he served as
executive vice president and chief operating officer of the Dana-Farber
Cancer Institute from 1995 to 2005. He is also board chairman and presi-
dent of the Healthcare Dimensions Hospice. Prior to joining Dana-Farber,
he had a 27-year career at Children’s Hospital, Boston, as radiology admin-
istrator, assistant vice president of finance, and assistant hospital director
for patient care services. He holds a master of science degree from Lesley
College, Cambridge, Massachusetts, and is adjunct lecturer on health care
management in the Department of Health Policy and Management at
Harvard School of Public Health. A diplomat of the American College of
Healthcare Executives, he received the college’s 1999 Massachusetts Re-
gents Award as Healthcare Executive of the Year and the first Individual
Leadership Award in Patient Safety from JCAHO and the National Com-
mittee for Quality Assurance (NCQA). He serves as a member and vice-
chairman of the JCAHO Sentinel Events Advisory Committee, advisor to
the Massachusetts Coalition for the Prevention of Medical Errors, and
distinguished advisor to the National Patient Safety Foundation. He is also
a member of the Clinical Issues Advisory Council of the Massachusetts
Hospital Association; a member of the Medically Induced Trauma Support
Services Board of Directors; a member of the executive committee of the
Medical, Academic and Scientific Community Organization; and a long-
time member of the board of the Ronald McDonald House in Boston.

R. Scott Evans, Ph.D., M.S., is a senior medical informaticist in the Depart-
ment of Medical Informatics at LDS Hospital and Intermountain Health
Care, director of research in the Department of Medical Informatics at LDS
Hospital, and research professor in the Department of Medical Informatics
and adjunct research professor in the Department of Medicine at the Univer-
sity of Utah, Salt Lake City, Utah. Dr. Evans received his bachelor of science
degree in zoology and master of science degree in microbiology/parasitology
from Brigham Young University. He received his Ph.D. in medical biophysics

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

354 APPENDIX  A

and computing from the University of Utah. He is a member of the American
Medical Informatics Association and a fellow in the American College of
Medical Informatics. He is on the editorial board of the Journal of the
American Medical Informatics Association and a reviewer for a number of
peer-reviewed journals in medicine and informatics. In 1993 he received the
Priscilla M. Mayden Award for outstanding contributions in the field of
medical informatics, and in 1997 he received the Oslers Cloak award for
excellence in caring and curing from Intermountain Health Care. His major
experience and interests have been in the design, development, and evalua-
tion of computerized tools for the selection and management of anti-infective
agents, computer methods to identify and reduce adverse drug events and
adverse medical device events, computerized methods to identify patients
needing isolation, computerized methods to identify and reduce hospital-
acquired infections, and use of medical device interfaces to improve patient
safety. A number of these computerized tools are clinically operational at
several Intermountain Health Care hospitals.

Elizabeth A. Flynn, Ph.D., R.Ph., is associate research professor at the
Center for Pharmacy Operations and Designs at Auburn University. Her
specialties are the application of ergonomic design principles to prevent
errors and evaluation of technology for effects on medication errors and
efficiency. Among her publications are “Fundamentals of medication error
research” and “National observational study of prescription dispensing
accuracy and safety in 50 pharmacies.” Dr. Flynn has been a coinvestigator
on research for automation companies in community and hospital phar-
macy settings, and has conducted or overseen observation studies in more
than 100 sites in the United States, France, the United Kingdom, and Italy.
As a member of the Graduate Faculty at Auburn, she currently serves on
two graduate student committees that involve medication error research.
Dr. Flynn has been an investigator on research contracts totaling over $2
million. She holds a bachelor of science in pharmacy degree from the Uni-
versity of Florida, a master of science degree from the University of North
Carolina, and a Ph.D. from Auburn University. She completed a residency
at North Carolina Memorial Hospital. She received a 1999 Cheers Award
from ISMP for contributions to error prevention and the 2001 Dorothy
Dillon Memorial Award from the New Mexico Society of Health-System
Pharmacists. Dr. Flynn is a member of the USP’s Safe Medication Use
Expert Committee (2005–2010) and the Medication Error and Technolo-
gies Analysis Network in the United Kingdom.

Jerry H. Gurwitz, M.D., is a nationally recognized expert in geriatric medi-
cine and the use of drug therapy in the elderly. He holds the Dr. John
Meyers Endowed Chair in Primary Care Medicine at the University of

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

APPENDIX  A 355

Massachusetts Medical School, where he is chief of the Division of Geriat-
ric Medicine and professor of medicine and family medicine/community
health. He also serves as executive director of the Meyers Primary Care
Institute, a joint initiative of the University of Massachusetts Medical
School, Fallon Foundation, and Fallon Community Health Plan, focused on
promoting primary care research and education. He received his bachelor’s
degree from Dartmouth College and his M.D. degree from the University of
Massachusetts Medical School. Dr. Gurwitz has published numerous origi-
nal articles, reviews, commentaries, and book chapters on the optimal use
of drug therapy in elderly patients. He has been the recipient of the William
B. Abrams Award in Geriatric Clinical Pharmacology from the American
Society for Clinical Pharmacology and Therapeutics and the George F.
Archambault Award from the American Society of Consultant Pharmacists.
Dr. Gurwitz’s most recent research efforts relate to developing and testing
interventions to reduce the risk of medication errors that lead to adverse
drug events in the elderly.

Charles B. Inlander is former president of the nonprofit People’s Medical
Society, founded in early 1983. He guided the People’s Medical Society to
its status as one of the most influential consumer health advocacy organiza-
tions in the United States. Mr. Inlander is a faculty lecturer at the Yale
University School of Medicine; an adjunct faculty member at the Chicago-
Kent College of Law; and a fellow of the Institute for Science, Law and
Technology at the Illinois Institute of Technology. He is a health commen-
tator on Public Radio International’s Marketplace, heard throughout the
country on public radio stations. He is a founder of the Civil Justice Foun-
dation and serves or has served on the board of directors of Consumers for
Civil Justice, the National League for Nursing, the Pennsylvania League for
Nursing, and the Lehigh Valley Business Conference on Health Care. He is
on the advisory boards of the Citizen Advocacy Center, the Primary Care
Management Association, the American Academy of Family Physicians,
Health Market, and Bottom Line/Personal Publications. He was a colum-
nist for Nursing Economics and a contributing editor for Medical Self-Care
magazine. He has authored or coauthored more than 20 best-selling con-
sumer health books. His articles regularly appear in such publications as
The New York Times, Glamour, and Boardroom. Prior to joining the
People’s Medical Society, Mr. Inlander established a national reputation as
an advocate for the rights of handicapped citizens. He is a graduate of
American University.

Kevin B. Johnson, M.D., M.S., is associate professor and vice-chair of
biomedical informatics, with a joint appointment in the Department of
Pediatrics, at Vanderbilt University Medical School. He received his M.D.

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

356 APPENDIX  A

from The Johns Hopkins University School of Medicine and his master of
science degree in medical informatics from Stanford University. He served
as a pediatric chief resident at Johns Hopkins. He was a member of the
faculty in both pediatrics and biomedical information sciences at Johns
Hopkins until 2002. He is a practicing, board-certified physician in pediat-
rics. His research areas are clinical information systems development; the
uses of advanced computer technologies, including the World Wide Web,
personal digital assistants, and pen-based computers, in medicine; and elec-
tronic prescription writing tools. Dr. Johnson has served on the editorial
boards of the Ambulatory Pediatrics Association as well as the Journal of
the American Informatics Association (JAMIA), for which he is an assistant
editor. He recently was appointed director of JAMIA’s student editorial
board. He has been an active participant in the informatics efforts of many
national organizations, including the American Medical Informatics Asso-
ciation, the American Board of Pediatrics, the Medical Informatics Special
Interest Group of the Ambulatory Pediatrics Association, the American
Academy of Pediatrics’ Steering Committee on Clinical Information Tech-
nologies, and the IOM’s Patient Safety Data Standards subcommittee.

Wilson D. Pace, M.D., is professor of family medicine and Green-Edelman
Chair for Practice-based Research at the University of Colorado. He is
director of the American Academy of Family Physicians (AAFP) National
Research Network. He also directs SNOCAP, a consortium of practice-
based research networks within the University of Colorado. Dr. Pace’s
research has focused on practice reorganization and patient safety. He leads
a patient safety consortium in Colorado focused on improving care delivery
in primary care offices, as well as overseeing the AAFP Developmental
Center for Evaluation and Research in Patient Safety in Primary Care. He
serves in an advisory capacity to a number of clinical and research health
information technology projects. Dr. Pace received his M.D. degree from
the University of California, Irvine in 1979. He is a board-certified practic-
ing family physician with a Certificate of Added Qualifications in geriatrics.

Kathleen R. Stevens, Ed.D., M.S., R.N., FAAN, is professor of nursing at
The University of Texas Health Science Center at San Antonio, Texas. She
is also founding director of the Academic Center for Evidence-based Prac-
tice, where she works to advance evidence-based quality improvement
through research, education, and practice. She is an investigator with the
Veterans Evidence-based Research, Dissemination, and Implementation
Center for the Veterans Health Administration, with emphasis on system-
atic reviews and organizational change for evidence-based quality improve-
ment. Her research includes comparison of evidence-based and traditional
interventions in reducing health risk behavior, as well as investigations of

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

APPENDIX  A 357

evidence-based practice processes. She serves as an advisor to hospitals
seeking magnet recognition status and faculty updating education programs
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TERMS

ACE inhibitor. Angiotensin-converting enzyme inhibitor.
Adverse drug event. Any injury due to medication (Bates et al., 1995b).
Adverse event. An event that results in unintended harm to the patient

due to an act of commission or omission rather than the underlying disease
or condition of the patient (IOM, 2004).

Ambulatory care. For the purposes of this study, care given in (1) the
ambulatory clinic, (2) the community pharmacy, (3) the home care setting,
(4) the self-care setting, or (5) the school setting.

Biologics (including vaccines, blood, and blood products). A subset of
drug products. Biologics are distinguished from other drugs by their manu-
facturing process—biological as opposed to chemical.

Clinician. An individual who uses a recognized scientific knowledge
base and has the authority to deliver health care services to patients (IOM,
1996). The term encompasses prescribers, nurses, and pharmacists.

Dietary supplement. A product (other than tobacco) intended to supple-
ment the diet that bears or contains one or more of the following dietary
ingredients: a vitamin; a mineral; an herb or other botanical; an amino acid;
a dietary substance for use by man to supplement the diet by increasing the
dietary intake; or a concentrate, metabolite, constituent, extract or combi-
nation of any ingredient described above (Dietary Supplement Health and
Education Act of 1994 [P.L. 103-147]).

Drug. A substance that is recognized by an official pharmacopoeia or
formulary; intended for use in the diagnosis, cure, mitigation, treatment, or

B

Glossary of Terms and Acronyms
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prevention of disease; intended to affect the structure or any function of the
body (other than food); intended for use as a component of a medicine but
not a device or a component, or a part or accessory of a device (FDA,
2004). Drugs are divided into those that require a prescription and those
that do not. Nonprescription drugs are usually called “over-the-counter”
(OTC) drugs (see below).

Error. The failure of a planned action to be completed as intended (i.e.,
error of execution) or the use of a wrong plan to achieve an aim (i.e., error
of planning). An error may be an act of commission or an act of omission
(IOM, 2004).

Formulary. A schedule of prescription drugs that will be paid for by a
health insurance plan and dispensed through participating pharmacies. A
formulary can be an important safety tool since it can eliminate (for ex-
ample, in hospitals) the use of drug products considered to be unsafe.

Hand-off. The process of moving patients and their information from
one provider or site to another.

Health care professional. See clinician.
Managed Care Organization. A health care provider that attempts to

manage the access, cost, and quality of health care.
Medication. See drug.
Medication error. Any error occurring in the medication-use process

(Bates et al., 1995a).
Medication therapy management. A service or group of services that

optimize therapeutic outcomes for individual patients to help ensure that
the goals of drug therapy are achieved. These services can be provided in
conjunction with or independently of the provision of a medication product
by pharmacists or other qualified health care providers.

Nonformulary drug. A medication that has a preferred alternative listed
in the drug formulary.

Off-label use. The Food and Drug Administration (FDA) permits the
prescribing of approved medications for other than their intended indica-
tions. This practice is known as off-label use.

Orphan drug. A product that is used in the diagnosis or treatment of
diseases or conditions that are considered rare in the United States.

OTC (“over-the-counter”) drug. A drug sold without a prescription.
The product’s potential for misuse and abuse is low, consumers are success-
fully able to use it for self-diagnosable conditions, it can be adequately
labeled for ease and accuracy of use, and oversight by health practitioners is
not needed to ensure its safe and effective use (FDA, 2005).

Potential adverse drug event (ADE). An event in which an error oc-
curred but did not cause injury (for example, the error was intercepted
before the patient was affected, or the patient received a wrong dose, but no
harm occurred) (Gandhi et al., 2000).
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Practicing clinician. See clinician.
Practitioner. See clinician.
Preventable adverse drug event (ADE). An adverse drug event arising

because of an error.
Primary care. The provision health care services by clinicians who are

accountable for addressing a large majority of a patient’s health care needs,
developing a sustained partnership with patients, and practicing in the
context of family and community (IOM, 1996).

Provider. See clinician.
Reconciliation. Comparison of the medications a person is taking in

one care setting with those being provided in another setting.

ACRONYMS

AADA Abbreviated Antibiotic Drug Application
AAFP American Academy of Family Physicians
AAMC Association of American Medical Colleges
ACE angiotensin converting enzyme
ACGME Accreditation Council on Graduate Medical Education
ADE adverse drug event
ADWE adverse drug withdrawal event
AFB American Foundation for the Blind
AGS American Geriatrics Society
AHA American Hospital Association
AHCA American Health Care Association
AHRQ Agency for Healthcare Research and Quality
ALLHAT Antihypertensive and Lipid-Lowering Treatment to

Prevent Heart Attack Trial
AMA American Medical Association
ANDA Abbreviated New Drug Application
ANSI American National Standards Institute
APA American Psychiatric Association
ASHP American Society of Health-System Pharmacists
ASTM American Society for Testing and Materials

BLA Biologic Licensing Application
BTE Bridges to Excellence

CC Cochrane Collaboration
CCR Continuity of Care Record
CDC Centers for Disease Control and Prevention
CDER Center for Drug Evaluation and Research, Food and

Drug Administration
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CDSS clinical decision support system
CERTS Centers for Education and Research on Therapeutics
CGMP Current Good Manufacturing Practices
CME continuing medical education
CMS Centers for Medicare and Medicaid Services
CMWF The Commonwealth Fund
CoSI Commission for Systemic Interoperability
COX-2 cyclooxygenase-2
CPOE computerized provider (physician) order entry
CTFPHC Canadian Task Force on Preventive Health Care

DCRI Duke Clinical Research Institute
DDMAC Division of Drug Marketing, Advertising and

Communications, Food and Drug Administration
DHA Australian Department of Health and Ageing
DHHS Department of Health and Human Services
dl deciliter
DMETS Division of Medication Errors and Technical Support,

Food and Drug Administration
DTC direct-to-consumer

EAN/UCC European Article Number/Uniform Code Council
eHI eHealth Initiative
EHR electronic health record

FACCT Foundation for Accountability
FDA U.S. Food and Drug Administration
FMEA failure modes and effects analysis
FPIN Family Physicians Inquiries Network
FR Federal Register

GAO U.S. Government Accountability Office
GMP Good Manufacturing Practices
GRAM Geriatric Risk Assessment MedGuide

H2 histamine-2
HEDIS Health Plan Employer Data and Information Set
HHS (Department of) Health and Human Services
HI Harris Interactive
HIBCC Health Industry Business Communications Council
HIRO Hospital Incident Reporting Ontology
HL7 Health Level 7
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HMO health maintenance organization
HOPE Health Outcomes and PharmacoEconomic
HPA Health Policy Alternatives, Inc.
HRSA Health Resources and Services Administration

ICU intensive care unit
IHI Institute for Healthcare Improvement
IM intramuscularly
IND Investigational New Drug Application
INR international normalized ratio
IOM Institute of Medicine
ISMP Institute for Safe Medication Practices
IV intravenous

JAMIA Journal of the American Informatics Association
JCAHO Joint Commission on Accreditation of Healthcare

Organizations
JFP Journal of Family Practice
JKF Josie King Foundation

KFF Kaiser Family Foundation
kg kilogram

LDL low-density lipoprotein

m2 square meter
MAO monamine oxidase
MAR medication administration record
MBRP Massachusetts Board of Registration in Pharmacy
MCPME Massachusetts Coalition for the Prevention of Medical

Errors
MDS Minimum Data Set
MERP Medication Error Reporting Program
mg milligrams
MHA Massachusetts Hospital Association
ml milliliters
MMA Medicare Prescription Drug Improvement and

Modernization Act of 2003 (P.L. 108-173)
MoA mechanism(s) of action

NABP National Association of Boards of Pharmacy
NACDS National Association of Chain Drug Stores
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NCCAM National Center for Complementary and Alternative
Medicine

NCCMERP National Coordinating Council for Medication Error
Reporting and Prevention

NCHM National Center for Health Marketing
NCHS National Center for Health Statistics
NCPDP National Council for Prescription Drug Programs
NCPIE National Council on Patient Information and Education
NCQA National Committee for Quality Assurance
NCVHS National Committee on Vital and Health Statistics
NDA New Drug Application
NDF-RT National Drug File Reference Terminology
NEISS-CADES National Electronic Injury Surveillance System-

Cooperative Adverse Drug Event Surveillance
NHS National Health Service
NICHQ National Initiative for Children’s Healthcare Quality
NIH National Institutes of Health
NIHCMREF National Institute for Health Care Management and

Research and Educational Foundation
NIMH National Institute of Mental Health
NLM National Library of Medicine
NMBP New Mexico Board of Pharmacy
NME new molecular entity
NPSF National Patient Safety Foundation
NQF National Quality Forum
NRC National Research Council
NSAID nonsteroidal anti-inflammatory drug

OBRA Omnibus Budget Reconciliation Act
OIG Office of Inspector General
OSCAR Online Survey Certification and Reporting
OTC over-the-counter

PACE Program of All-Inclusive Care for the Elederly
PBM Pharmacy Benefits Manager
PCA patient-controlled analgesia
PCM pharmaceutical case management
PCSEPMBBR President’s Commission for the Study of Ethical Problems

in Medicine and Biomedical and Behavioral Research
PD pharmacodynamics
PDA personal digital assistant
PHR personal health record
PhRMA Pharmaceutical Research and Manufacturers of America
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PICC peripherally inserted central catheter
PK pharmacokinetics
PMS Pathways for Medication Safety
POCA Phonetic Orthographic Computer Analysis
POL Physician Office Link
PPAG Pediatric Pharmacy Advocacy Group
PSET Patient Safety Event Taxonomy
PSI Premier Safety Institute

QSHC Quality and Safety in Healthcare

R&D research and development
RFID radio frequency identification
RHIO Regional Health Information Organization
RoA route of administration
RSW Roper Starch Worldwide
RWJF The Robert Wood Johnson Foundation

SAGE Systematic Assessment of Geriatric drug use via
Epidemiology

SPL Structured Product Label

TGA Therapeutic Goods Administration

UNC University of North Carolina
USAN United States Adopted Name Council
USP U.S. Pharmacopeia
USP-ISMP United States Pharmacopeia-Institute for Safe Medication

MERP Practices Medication Errors Reporting Program

VA (Department of) Veterans Affairs
VAERS Vaccine Adverse Event Reporting System
VHA Veterans Health Administration
VistA Veterans Health Information Systems and Technology

Architecture
VSD Vaccine Safety Datalink

WHI Women’s Health Initiative
WHO World Health Organization

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

366 APPENDIX  B

REFERENCES

Bates DW, Boyle DL, Vander Vliet MB, Schneider J, Leape L. 1995a. Relationship between
medication errors and adverse drug events. Journal of General Internal Medicine 10(4):
100–205.

Bates DW, Cullen DJ, Laird N, Petersen LA, Small SD, Servi D, Laffel G, Sweitzer BJ, Shea
BF, Hallisey R, Vander Vliet M, Nemeskal R, Leape LL. 1995b. Incidence of adverse
drug events and potential adverse drug events. Implications for prevention. ADE Preven-
tion Study Group. Journal of the American Medical Association 274:29–34.

FDA (U.S. Food and Drug Administration). 2004. Drugs @ FDA: Glossary of Terms. [Online].
Available: http://www.fda.gov/cder/drugsatfda/glossary.htm [accessed June 7, 2005].

FDA. 2005. Office of Nonprescription Drugs. [Online]. Available: http://www.fda.gov/cder/
offices/otc/default.htm [accessed June 7, 2005].

Gandhi TK, Seger DL, Bates DW. 2000. Identifying drug safety issues: From research to
practice. International Journal for Quality in Health Care 12(1):69–76.

IOM (Institute of Medicine). 1996. Primary Care: America’s Health in a New Era. Washing-
ton, DC: National Academy Press.

IOM. 2004. Patient Safety: Achieving a New Standard for Care. Washington, DC: The Na-
tional Academies Press.

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

367

C

Medication Errors: Incidence Rates

This appendix reviews estimates of the rates of medication errors and
adverse drug events (ADEs) in three care settings (hospital, nursing home,
and ambulatory care) and in pediatric and psychiatric care. Where possible,
error rates for the five stages of the medication-use system and at the inter-
face between care settings are documented separately.

INCIDENCE OF MEDICATION ERRORS IN HOSPITAL CARE

Selection and Procurement of the Drug by the Pharmacy

No studies were identified that specifically identified medication errors
of this type. It is possible that these types of errors were included in studies
of general medication error rates.

Prescription and Selection of the Drug for the Patient:
Errors of Commission

Rates of prescribing errors (for example, dosing errors, prescribing
medications to which the patient was allergic, prescribing inappropriate
dosage forms) vary considerably from study to study and are quoted in
several different ways—errors per 1,000 admissions, errors per 1,000 or-
ders, errors per 100 opportunities for error, and preventable ADEs per
1,000 admissions (see Table C-1):
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• Prescribing errors totaled 12.3 to 1,400.0 per 1,000 patient admis-
sions: (1) 12.3 in a study of 32,683 admissions in a tertiary care hospital in
New York State (Lesar, 2002a); (2) 29 in a study of about 6,000 patients in
a tertiary care hospital in Florida (Winterstein et al., 2004); (3) 52.9 in a
study of 211,635 admissions in a tertiary care hospital in New York State
(Lesar et al., 1997); (4) 190.0 in a study of 24,538 patients in a tertiary care
hospital in North Carolina (LaPointe and Jollis, 2003); and (5) 1,400 in a
study of 379 patients in an urban tertiary care hospital in Massachusetts
(Bates et al., 1995a).

• Prescribing errors occurred per order at rates ranging from 0.6 to 53
per 1,000 orders (Lesar et al., 1990; Bates et al., 1995a; Lesar et al., 1997;
Lesar, 2002a).

• Errors per 100 opportunities for error ranged from 1.5 to 9.9 (van
den Bemt et al., 2002; Dean et al., 2002; Bobb et al., 2004; Lisby et al.,
2005).

TABLE C-1 Hospital Care: Prescription and Selection Errors of
Commission
Error rates Per 1,000 admissions—detection method

12.3 (Lesar, 2002a)—pharmacist review of written orders
29 (Winterstein et al., 2004)—prompted reporting
52.9 (Lesar et al., 1997)—pharmacist review of written orders
190 (LaPointe and Jollis, 2003)—clinical pharmacist directly

participating in clinical care
1,400 (Bates et al., 1995a)—prompted reporting, chart review,

review of medication orders

Per 1,000 orders—detection methods
0.61 (Lesar, 2002a)—pharmacist review of written orders
2.87 (Lesar et al., 1997)—pharmacist review of written orders
3.13 (Lesar et al., 1990)—pharmacist review of written orders
53 (Bates et al., 1995a)—prompted reporting, chart review, review

of medication orders

Per 100 opportunities for error—detection method
1.5 (Dean et al., 2002)—pharmacist review of written orders
6.2 (Bobb et al., 2004)—pharmacist review of written orders
6.7 (Lisby et al., 2005)—direct observation, unannounced control

visits, chart review
9.9 (van den Bemt et al., 2002)—pharmacist review of written

orders

Preventable ADEs Per 1,000 admissions—detection method
rates 3.7 (Hardmeier et al., 2004)—chart review

3.9 (Bates et al., 1995b)—prompted reporting, chart review
84.1 (Nebeker et al., 2005)—review of electronic record
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In the subset of studies that evaluated preventable ADEs, prescription
errors associated with patient injuries ranged from 3.7 to 84.1 per 1,000
admissions (Bates et al., 1995b; Hardmeier et al., 2004; Nebeker et al.,
2005).

Preparation and Dispensing of the Drug

Preparation and dispensing errors occurred at a rate of 2.6 per 1,000
admissions in a tertiary care hospital in Florida (Winterstein et al., 2004)
(see Table C-2).

Two studies focused exclusively on intravenous (IV) medications. One
study, at one U.K. and two German hospitals, found a rate of preparation
errors of 26 percent per observed preparation (88 preparation errors out of
337 observations) (Wirtz et al., 2003). The other study, at a tertiary and a
community hospital in the United Kingdom, found a rate of preparation
errors of 49 percent per observed preparation (212 preparation and admin-
istration errors out of 430 doses) (Taxis and Barber, 2003).

Preparation and dispensing errors were associated with preventable
ADEs at rates of 0.6 per 1,000 admissions in a Swiss study of 6,383 patients
(Hardmeier et al., 2004); 1.1 per 1,000 admissions in a study of 4,031
patients at two tertiary hospitals in Boston, Massachusetts (Bates et al.,
1995b); and 1.6 per 1,000 admissions in a study of 937 admissions at a
tertiary hospital in Salt Lake City, Utah (Nebeker et al., 2005).

Administration of the Drug

As with prescribing error rates, rates of administration errors varied
widely in medical and surgical units (See Table C-3). Rates per opportunity

TABLE C-2 Hospital Care: Preparation and Dispensing Errors
Error rates: Per 1,000 admissions—detection method
general 2.6 (Winterstein et al., 2004)—prompted reports
medications

Error rates: Per preparation—detection method
intravenous (IV) 26 percent (Wirtz et al., 2003) (U.K. and German study)—direct
medications observation

49 percent (Taxis and Barber, 2003) (U.K. study)—direct
observation

Preventable ADEs Per 1,000 admissions—detection method
0.6 (Hardmeier et al., 2004) (Swiss study)—chart review
1.1 (Bates et al., 1995b)—prompted reporting, chart review
1.4 (Nebeker et al., 2005)—review of electronic medical record
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for error or dose ranged from 2.4 to 14.9 percent: (1) 2.4 percent in a
German hospital using a unit dose system (1,318 opportunities for error)
(Taxis et al., 1999); (2) 3 percent in a U.K. tertiary hospital (2,756 oppor-
tunities for error) (Dean et al., 1995); (3) 5.1 percent in a German hospital
using a traditional system (973 opportunities for error) (Taxis et al., 1999);
(4) 6.7 percent in a Danish tertiary hospital (2,467 opportunities for error)
(Lisby et al., 2005); (5) 6.9 percent in a U.S. tertiary hospital (919 opportu-
nities for error) (Dean et al., 1995); (6) 8 percent in a U.K. hospital using a
ward pharmacy system (842 opportunities for error) (Taxis et al., 1999);
(7) 10 percent (excluding wrong time errors) in 24 hospitals in Georgia and
Colorado (2,765 medication doses) (Barker et al., 2002); and (8) 11 percent
(excluding wrong-time errors) (Tissot et al., 2003) in a French tertiary
hospital (523 opportunities for error).

TABLE C-3 Hospital Care: Administration Errors
Error rates: Per 100 opportunities/doses—detection method
general 2.4 (Taxis et al., 1999) (German part, unit dose system)—direct
medications observation

3 (Dean et al., 1995) (U.K. part)—direct observation
5.1 (Taxis et al., 1999) (German part, traditional system)—direct

observation
6.7 (Lisby et al., 2005) (Danish study)—direct observation
6.9 (Dean et al., 1995) (U.S. part)—direct observation
8 (Taxis et al., 1999) (U.K. part)—direct observation
10.8 (Barker et al., 2002)—direct observation
14.9 (Tissot et al., 2003) (French study)—direct observation

Error rates: Per 1,000 admissions—detection method
general 5.8 (Winterstein et al., 2004)—prompted reports
medications

Error rates in Per opportunity/dose—detection method
intensive care 3.3 percent (Calabrese et al., 2001)—direct observation
units (ICUs) 6.6 percent (Tissot et al., 1999)—direct observation

Error rates: IV Per opportunity/dose—detection method
medications only 34 percent (Wirtz et al., 2003) (U.K. and German study)—direct

observation
49 percent (Taxis and Barber, 2003) (U.K. study) (includes both

preparation and administration)—direct observation

Preventable ADEs Per 1,000 admissions—detection method
2.1 (Bates et al., 1995b)—prompted reporting, chart review
17.9 (Nebeker et al., 2005)—review of electronic medical record
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Another study, in a tertiary hospital in Florida, involving about 6,000
patients (the authors could not report precisely the number of patients
involved), found an administration error rate of 5.8 per 1,000 admissions
(Winterstein et al., 2004).

Similar rates to those above have been observed in intensive care unit
(ICU) studies. In a study focusing on high-alert medications administered in
ICUs in five U.S. tertiary care teaching hospitals, an administration error
rate of 3.3 percent was found (5,744 observations) (Calabrese et al., 2001).
In another study, carried out in a medical ICU in a French hospital, an
administration error rate of 6.6 percent was observed (2,009 medication
administration interventions by nurses) (Tissot et al., 1999).

Higher rates were seen in studies that focused exclusively on IV medica-
tions—34 percent (93 errors out of 278 observed administrations) (Wirtz et
al., 2003) and 49 percent (212 preparation and administration errors out of
430 doses) (Taxis and Barber, 2003).

Two studies looking at preventable ADEs occurring during the admin-
istration stage found rates of 2.1 per 1,000 admissions (in a study of 4,031
patients at two tertiary hospitals in Boston, Massachusetts [Bates et al.,
1995b]) and 17.9 per 1,000 admissions (in a study of 937 admissions at a
tertiary hospital in Salt Lake City, Utah [Bates et al., 1995b; Nebeker et al.,
2005]).

Monitoring of the Patient for Effect

Rates of preventable ADEs resulting from errors in the monitoring
of patients were reported in two studies as 0.6 per 1,000 admissions
(Hardmeier et al., 2004) and 32 per 1,000 admissions (Hardmeier et al.,
2004; Nebeker et al., 2005). (See Table C-4).

ADEs during Hospitalization

Five major studies examined the incidence of ADEs occurring during
hospitalization (see Table C-5). Using hospital admissions during the pe-
riod 1990–1993, investigators at LDS Hospital, Salt Lake City, Utah, found
that 2,227 out of 91,574 patients experienced ADEs during hospitalization,
a rate of 2.43 ADEs per 100 admissions (Classen et al., 1997). Almost 50
percent of the identified ADEs were thought to be preventable. Extrapolat-

TABLE C-4 Hospital Care: Monitoring Errors
Preventable ADEs Per 1,000 admissions—detection method

0.6 (Hardmeier et al., 2004) (Swiss study)—chart review
32 (Nebeker et al., 2005)—review of electronic medical record
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ing these figures nationally and assuming 32 million admissions annually,
the authors concluded that 770,000 hospital patients in America would
experience an ADE annually.

Another study, conducted at two tertiary care hospitals in Boston,
involved 4,031 adult admissions. Carried out in 1993 under the Adverse
Drug Events Prevention Study, this study found an overall ADE rate of 6.5
per 100 nonobstetric admissions (or 11.5 ADEs per 1,000 patient-days); of
these, 28 percent were judged preventable (Bates et al., 1995b). Of the
ADEs, 1 percent were fatal (none preventable), 12 percent life-threatening,
30 percent serious, and 57 percent significant. Of the life-threatening and
serious ADEs, 42 percent were judged preventable. Assuming an ADE rate
of 6.5 per 100 nonobstetric admissions and 25 million nonobstetric admis-
sions to short-term hospitals annually, the authors estimated an annual rate
of 1.6 million ADEs in U.S. hospitals.

A third study, utilizing data on ADEs collected in the summer of 1998
from a four-hospital academic medical network, estimated the ADE rate
during hospitalization to be 4.2 per 100 admissions (Senst et al., 2001).
Fifteen percent of these ADEs were judged preventable.

At a tertiary hospital in Boston, in a study carried out from October
1994 to May 1995, 617 ADEs were observed, 166 of which were judged
preventable (Jha et al., 1998). After adjustment for the sampling scheme,
the ADE rate was estimated to be 21 per 1,000 patient-days.

Much higher ADE rates were observed in the most recent study, involv-
ing a highly computerized hospital that had implemented electronic health
records (Nebeker et al., 2005). Computerized order checking was fully
functional for allergies, many drug–drug interactions, and limited drug–
disease interactions. The system did not, however, feature sophisticated
decision-support algorithms. Among 937 hospital admissions, 483 clini-
cally significant inpatients ADEs were identified—52 per 100 admissions,

TABLE C-5 Hospital Care: ADE Incidence During Hospitalization
ADEs per 100 ADEs per 1,000 Proportion of ADEs

Study Admissions Patient-Days Preventable

Classen et al., 1997 2.4 Not given About 50 percent (out of
2,227 ADEs in study)

Senst et al., 2001 4.2 Not given 15 percent (out of 74
ADEs in the study

Bates et al., 1995b 6.5 11.5 28 percent (out of 247
ADEs in study)

Jha et al., 1998 Not given 21 27 percent (out of 617
ADEs in study)

Nebeker et al., 2005 52 70 27 percent (out of 483
ADEs in study)
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or 70 per 1,000 patient-days. Medication errors contributed to 27 percent
of the ADEs. Of all the ADEs, 9 percent resulted in serious harm, 22
percent in additional monitoring and interventions, 32 percent in interven-
tions alone, and 11 percent in monitoring alone; 27 percent should have
resulted in additional interventions or monitoring.

Three smaller studies found similar ADE rates. A 37-day study at a
Boston tertiary hospital found 27 ADEs (15 considered preventable), for a
rate of 6.4 ADEs per 100 admissions or 9.1 ADEs per 1,000 patient-days
(Bates et al., 1993). Another small study at the same hospital found 25
ADEs (5 considered preventable), for a rate of 6.6 ADEs per 100 admis-
sions or 14.7 ADEs per 1,000 patient-days (Bates et al., 1995a). In a study
of 157 hospitalized patients aged 70 and older, 28 probable ADEs were
observed, for a rate of 17.8 ADEs per 100 admissions (Gray et al., 1998).
Just over half the ADEs were considered preventable.

Prescription and Selection of the Drug for the Patient: Errors of Omission

Errors of omission occur when a medication necessary for the appro-
priate care of hospitalized individuals is not prescribed. After reviewing the
published literature on medication errors of omission within acute care, the
committee identified three broad categories of studies: studies on treatment
of acute coronary syndromes, on antibiotic prophylaxis, and on thrombosis
prophylaxis (see Table C-6).

TABLE C-6 Hospital Care: Prescription and Selection Errors of
Omission
Patients discharged Percentage of patients given aspirin within 24 hours of
with diagnosis of hospitalization
acute myocardial 84.9 (Roe et al., 2005) (NSTEMI)
infarction 88 (Roe et al., 2005) (STEMI)

92.4 (Granger et al., 2005)
93 (Sanborn et al., 2004)

Percentage of patients prescribed aspirin at discharge
53 (Krumholz et al., 2003)
76.8 (Petersen et al., 2001)
83.8 (Roe et al., 2005) (NSTEMI)
84.8 (Petersen et al., 2003)
85.6 (Alexander et al., 1998)
88.9 (Roe et al., 2005) (STEMI)
93.4 (Granger et al., 2005)

continued
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Percentage of patients given beta-blockers within 24 hours of
hospitalization

66 (Sanborn et al., 2004)
72.2 (Roe et al., 2005) (NSTEMI)
77.8 (Roe et al., 2005) (STEMI)
78 (Granger et al., 2005)

Percentage of patients prescribed beta-blockers at discharge
53 (Krumholz et al., 2003)
56.1 (Petersen et al., 2001)
59.1 (Alexander et al., 1998)
67.3 (Petersen et al., 2003)
78.3 (Roe et al., 2005) (NSTEMI)
78.9 (Granger et al., 2005)
83.4 (Roe et al., 2005) (STEMI)

Percentage of patients prescribed angiotensin-converting enzyme
(ACE) inhibitors at discharge

51.2 (Roe et al., 2005) (NSTEMI)
51.7 (Alexander et al., 1998)
58 (Roe et al., 2005) (78) (STEMI)
58.5 (Petersen et al., 2001)
67.6 (Petersen et al., 2003)
73.1 (Granger et al., 2005)

Rates of antibiotic Percentage of procedures in which patients prescribed antibiotics
prophylaxis within 70 (Vaisbrud et al., 1999)
surgical studies 74 (Heineck et al., 1999)

92 (Gupta et al., 2003)
95 (Bedouch et al., 2004)
97 (van Kasteren et al., 2003)
97.5 (Quenon et al., 2004)

Rates of Percentage of procedures in which thromboembolic
thromboembolic prophylaxis carried out
prophylaxis within 5 at high risk, 23.0 at medium risk (Ahmad et al., 2002)
surgical studies 22 (Aujesky et al., 2002)

29 (Scott et al., 2003)
31.5 at the highest risk, 81 at high risk, 93 at moderate risk

(Tan and Tan, 2004)
46.4 (Ageno et al., 2002)
49.4 (Chopard et al., 2005)
71 (Learhinan and Alderman, 2003)
81 (Freeman et al., 2002)
90 (Campbell et al., 2001)

NOTE: STEMI = acute ST-segment elevation myocardial infarction; NSTEMI = non-STEMI.

TABLE C-6 continued
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Acute Coronary Syndromes

The committee reviewed seven studies on quality of care for acute
myocardial infarction. Six of these studies determined prescription rates for
indicated medications at discharge (Alexander et al., 1998; Petersen et al.,
2001; Krumholz et al., 2003; Petersen et al., 2003; Roe et al., 2005; Granger
et al., 2005). For patients discharged with a diagnosis of acute myocardial
infarction, aspirin was prescribed to 53 to 93.4 percent of ideal candidates
(those with no known contraindication). Beta-blockers were prescribed to
53 to 83.4 percent of ideal candidates, and angiotensin converting enzyme
(ACE) inhibitors to 58.5 to 83.4 percent of ideal candidates. Three studies
described rates of aspirin and beta-blocker use within the first 24 hours of
hospitalization (Sanborn et al., 2004; Roe et al., 2005; Granger et al.,
2005). Within the first 24 hours of hospitalization for a myocardial infarc-
tion, 66 to 78 percent of patients had received beta-blockers and 84.9 to 93
percent aspirin.

Antibiotic Prophylaxis

The committee identified six studies that described rates of antibiotic
prophylaxis for surgical procedures (Heineck et al., 1999; Vaisbrud et al.,
1999; van Kasteren et al., 2003; Gupta et al., 2003; Bedouch et al., 2004;
Quenon et al., 2004). Rates of antibiotic prophylaxis ranged from 70 to 98
percent within the surgical studies. Although the rates of prescribing any
antibiotic were high, antibiotic prophylaxis for surgical procedures requires
that the appropriate antibiotic be selected, that the appropriate dose be
prescribed, that the drug be administered at the appropriate time, and that
the duration of therapy be correct. Absolute compliance with all of these
elements of drug therapy was much lower—as low 3 percent in one study
(Gupta et al., 2003).

Thrombosis Prophylaxis

The committee identified nine studies that determined rates of throm-
boembolic prophylaxis in at-risk hospitalized patients (Campbell et
al., 2001; Ageno et al., 2002; Ahmad et al., 2002; Aujesky et al., 2002;
Freeman et al., 2002; Learhinan and Alderman, 2003; Scott et al., 2003;
Tan and Tan, 2004; Chopard et al., 2005). Thromboembolic prophylaxis
includes both mechanical means, such as lower-extremity compression hose,
and pharmacological means, such as subcutaneous heparin. Because medi-
cations are recommended in individuals at high risk for thrombosis, the
committee included these studies.
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Rates of thromboembolic prophylaxis varied widely—from 5 to 81
percent. Rates of appropriate thromboembolic prophylaxis tended to be
higher in surgical patients and in those at lower risk for thrombosis. One
study also noted that thromboembolic prophylaxis was prescribed inap-
propriately in 38 percent of patients without risk factors for thrombosis
(Aujesky et al., 2002).

INCIDENCE OF MEDICATION ERRORS IN NURSING HOMES

Studies on the incidence of medication errors and ADEs in nursing
homes use a number of different definitions, measures, and metrics. Hence,
as with hospital studies, it is difficult to compare the results across studies.

Drug Procurement and Dispensing

Drug procurement and dispensing in the nursing home differ from
hospital practice because the pharmacy is generally offsite. Handler and
colleagues (2004) identified several aspects of drug delivery: (1) issues of
packaging (e.g., patient-specific unit-dose packaging, patient-specific blister
packages, 7-day strips of medication, color-coded drug administration de-
vices, or medication bottles similar to usual community practice); (2) access
to urgent medications, such as stock drugs in an emergency box; and (3)
drug delivery when medications are added or changed, which may require
hours to days (Handler et al., 2004). There is minimal research on how the
approaches to addressing these issues affect medication safety.

When several pharmacies provide medications to a single nursing facil-
ity, staff must learn to use numerous systems, a practice that violates
the fundamental safety principle of standardization. An evaluation of the
medication-use system in one nursing home found that the facility’s 72
patients were served by seven pharmacies, and the consultant pharmacist
had no relationship with any of them (Cooper, 1987). The charge nurse
verifying refill needs required 8–12 hours per 100 beds per month. Qualita-
tive data underscore the issues of time and error associated with this refill
process (Vogelsmeier et al., 2005). Gupta and colleagues (1996a,b) noted
that only 8.4 percent of the 19,932 Medicaid patients they studied used a
single pharmacy, and the number of pharmacies used was associated with
mortality rates (Gupta et al., 1996a,b).

Administration Errors

The committee identified a few studies that measured the incidence of
medication administration errors in nursing homes (see Table C-7). A well-
known early study using direct observation of medication administration in
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58 nursing homes identified a mean error rate of 12.2 percent (range 0–59
percent over the 58 nursing homes), where an error was defined as a dose
administered or omitted that deviates from the physician’s orders (Barker et
al., 1982). The direct observation procedure used in this study detects
primarily errors in transcribing and administration. If out-of-date and un-
signed orders were excluded, the error rate was 8 percent. The most com-
mon error types were unauthorized drug (44.8 percent) and omission (41.5
percent), followed by wrong dose (11 percent), wrong route (2 percent),
and wrong form (0.4 percent). Most of the errors involving unauthorized
drugs were due to out-of-date orders. Wrong-time errors were not recorded
in this study. Because an error is defined as a discrepancy between the drug
ordered and the drug received, errors detected by observation may be due
to transcription or administration error, but observational studies do not
distinguish the phase in which the error originates.

In a 2-year study apparently using observation in one nursing home,
Cooper (1987) also concluded that omissions were the most common type
of administration error (65 percent of errors). Many of the omissions were
caused by patient refusal or sleeping, but the charting often implied that the
drug had been administered.

A later study of error rates in skilled nursing facilities and hospitals
found an average rate of 21.6 percent in 12 skilled nursing facilities in
Georgia and Colorado, using the same direct observation method of error
detection and defining an error as a discrepancy between the dose ordered
and the dose received. The range of error rates across the 12 nursing facili-
ties was 5.7 to 49.5 percent. The average error rate was not statistically
different from the 14.4 percent rate for hospitals (Barker et al., 2002).
Excluding wrong-time errors, the rate was 14.7 percent for skilled nursing
facilities and 9.9 percent for hospitals. About 7 percent of the errors were
judged by a physician panel to be potential ADEs. The rank order of error
types was wrong time (9.9 percent of doses, 45.4 percent of errors), omis-
sion (7 percent of doses, 32.4 percent of errors), and wrong dose (3.1
percent of doses, 14.2 percent of errors).

Using similar observational methods, Baldwin (1992) detected a 20
percent medication administration error rate in a study of 733 residents of
35 domiciliary homes in North Carolina (error rate range 3–44 percent

TABLE C-7 Nursing Home: Administration Errors
Error rates Per 100 opportunities/doses—detection method

6 (Cooper et al., 1994)—direct observation
12.2 (Barker et al., 1982)—direct observation
14.7 (Barker et al., 2002)—direct observation
20 (Baldwin, 1992)—direct observation
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across the 35 homes). Using observation of 300 doses, Cooper and col-
leagues (1994) found a 6 percent administration error rate in one 300-bed
nursing home during the baseline evaluation, using observation of 300
doses prior to implementation of an automated system.

Wrong-time error is a significant problem in residential care settings.
An error rate of 27 percent in assisted-living settings was reduced to 15
percent when a 4-hour interval (as opposed to a 2-hour interval) around the
scheduled time was used to designate on-time administration (Young et al.,
2005). Four types of error were observed: wrong time (43 percent of er-
rors), wrong dose (30 percent), omitted dose (10 percent), and unautho-
rized drug (10 percent). Wrong-time errors were even more prevalent in
nursing homes, where the error rate decreased from 35.6 to 6.7 percent
when wrong-time errors were excluded (Scott-Cawiezell et al., 2005).

Transcription and Documentation

Errors identified by observation of drug administration, which detects
errors in transcription as well as administration, are described in the section
below on administration. A study of discrepancies in medication orders on
documents (medication administration record, hospital summary, and dis-
charge orders) accompanying 20 newly admitted residents at the time of
transfer from a Veterans Administration hospital to a Veterans Administra-
tion nursing home revealed at least one medication discrepancy for every
subject (Siple and Joseph, 1992). Discrepancies were found in medication
name, medication dose, omitted or added medications, and instructions for
use. Investigators attributed 75 percent of the discrepancies to error and 25
percent to intentional changes.

Monitoring

Although the committee could identify no studies focused specifically
on monitoring errors, Gurwitz and colleagues (2005) pointed out that the
high rate of preventable ADEs (4.1 per 100 patient months) identified in
their cohort study of long-term residents of two academic nursing homes
argued for a special focus on ordering and monitoring. Errors occurred at
the monitoring stage in 80 percent of the preventable ADEs. The most
common monitoring errors were inadequate monitoring and failure to act
on monitoring.

Comparison of Error Rates Across Stages of the Medication-Use Process

Few studies directly compare error rates across the stages of the medication-
use process. In such a comparison, the method of error detection will
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substantially influence the estimate of error rates. Flynn and colleagues
(2002) collected parallel data on 2,557 doses using direct observation,
chart review, and voluntary incident reporting. Rates of error detected
by the three methods across all study sites (including 24 hospitals and
12 nursing homes) were 17.8 percent, 0.1 percent, and 0.003 percent,
respectively.

Three studies investigated error rates by stage of the medication-use
process. Using a cohort design involving chart review and stimulated re-
porting, Gurwitz and colleagues (2000) detected most errors in the pre-
scribing and monitoring stages. Among the 464 preventable ADEs identi-
fied in the study, errors occurred most often in the prescribing stage (315
errors, 68 percent of ADEs) and the monitoring stage (325 errors, 70
percent of ADEs). Errors were rare in the documentation/transcription,
dispensing, and administration stages.

Similar results were found in a later study by the same research team
using similar chart review methods (Gurwitz et al., 2005). Errors associ-
ated with the 338 preventable ADEs were more likely to occur at the
prescribing (59 percent of ADEs) and monitoring (80 percent of ADEs)
stages. Errors were less common at the dispensing and administration
stages. Forty-six percent of preventable ADEs involved errors at two stages
of the medication-use process, and 5 percent involved errors at three stages.

Handler and colleagues (2004) analyzed incident reports at one long-
term care facility; they found an average of 4.7 reports per month, while
residents averaged 11.2 medications per day. A process analysis indicated
that the same stages of medication use occur in the nursing home and
hospital settings. Consistent with hospital reporting, most incident reports
in this study were filed by nurses; 68 percent of reported errors occurred at
the administration stage, 20.4 percent at the dispensing stage, and 11.6
percent at both the administration and dispensing stages.

Incidence of ADEs in Nursing Homes

Retrospective Studies

Gurwitz and colleagues (1994) published a retrospective review of inci-
dent reports from one 703-bed academic nursing home for 1 year to iden-
tify adverse and unexpected events. After falls, medication-related events
(n = 180) were most common, at 26 per 100 beds. Errors in dosing (72.2
percent of reports) were more common than adverse drug reactions (26.7
percent). A more recent study based on incident reports during 21 months
at a single 126-bed long-term care facility identified 98 errors, but no
denominator was used to compute error rates (Handler et al., 2004).
Authors of both of these studies acknowledged that the findings under-
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represented the incidence of ADEs because of the limitations of the volun-
tary reporting of incidents.

Another retrospective review examined available medical charts for
175 admissions to one academic nursing home in the Veterans Administra-
tion system during an 18-month period, defining ADEs using a standard-
ized protocol based on the Naranjo protocol (Gerety et al., 1993). A total
of 201 ADEs occurred in 95 of the 175 admissions. On average, 1.2 ADEs
occurred per resident (0.44 per patient month). Most ADEs were classified
as minor, although 22.3 percent were rated serious, including one death.
Limitations of this retrospective methodology for estimating error rates
were potential misclassification of events (only 38 percent of ADEs were
definitely or probably attributable to the medications) and the failure to
identify the preventability of the ADEs (see Table C-8).

Prospective Studies

A prospective study of two Georgia nursing facilities over a 4-year
period using monthly drug regimen review identified 444 adverse drug
reactions (defined as unwanted consequences of drug therapy) in 74 percent
of the 332 residents in the study (Cooper, 1999). There were 64 drug-
associated hospitalizations in 52 of the 332 residents (15.7 percent).

Two studies from the same group of investigators used a prospective
cohort design. The first (Gurwitz et al., 2000) examined the incidence and
preventability of ADEs over a 12-month period in long-term residents of 18
nursing homes served by one pharmacy provider in Massachusetts. Data on
ADEs (defined as an injury resulting from the use of a drug) for this cohort
study were collected by chart review and simulated reporting, and prevent-
ability was judged by two physician reviewers. The overall ADE rate was
1.89 per 100 resident months, with a preventable ADE rate of 0.96 per 100
resident months. More severe ADEs were more likely to be preventable
(risk ratio = 2.1, p <0.001).

TABLE C-8 Nursing Homes: ADE Incidence
ADEs per ADEs
Patient- per 100 Proportion of ADEs

Study Month Admissions Preventable

Gurwitz et al., 2000 0.02 Not given 51 percent (out of 546 ADEs
in study)

Gurwitz et al., 2005 0.1 Not given 42 percent (out of 815 ADEs
in study)

Gerety et al., 1993 0.44 115 Not given (201 ADEs in study)
Cooper, 1999 Not given 134 Not given (444 ADEs in study)
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The same group (Gurwitz et al., 2005) used the above methodology
enhanced by the continuous presence of pharmacist investigators and com-
puterized alerts to identify the incidence of ADEs in two academic nursing
homes in Connecticut and Ontario, Canada. The study found a rate of 9.6
ADEs per 100 resident-months, with a rate of 4.1 preventable ADEs per
100 resident-months. Overall, 42 percent of ADEs were deemed prevent-
able, while 61 percent of serious, life-threatening, or fatal ADE were judged
preventable. While the five-fold increase in ADE rates in this study was
attributed to improved detection, the investigators concluded that these
rates probably underestimated the ADE incidence since they were based on
chart review rather than direct examination of the residents (see Table C-8).

If the findings of these two well-designed studies are applied to all U.S.
nursing homes, between 24 and 120 ADEs occur annually in the average
nursing home (bed size 105). Between 350,000 and 1.9 million ADEs occur
each year among the 1.6 million U.S. nursing home residents, about 40–50
percent of which are preventable. Of the estimated 20,000–86,000 fatal or
life-threatening ADEs, about 70–80 percent are preventable.

Adverse Drug Withdrawal Events (ADWEs)

While many investigators have noted that discontinuation of drugs can
cause adverse events in nursing home patients (Gurwitz et al., 2000, 2005),
only a few researchers have investigated these events separately from other
ADEs. Gerety and colleagues introduced the concept of the ADWE into
nursing home research in their retrospective chart review of nursing home
admissions. Among 62 of 175 residents, 94 ADWEs occurred—a mean rate
of 0.54 per resident and 0.32 per patient-month. A more recent study
(Boockvar et al., 2004) evaluated adverse events due to drug discontin-
uations at the time of transfer of 87 residents between four nursing homes
in New York and either of two academic hospitals. Medications were
altered in 86 percent of the 122 hospital admissions, with a mean of 3.1
alterations per admission and 1.4 medication changes at discharge, exclud-
ing new medications. ADEs occurred in 20 percent of bidirectional trans-
fers—50 percent involving medication discontinuation and 36 percent dos-
age changes. The time from change to ADE occurrence averaged 14 days,
so most ADEs occurred on return to the nursing home. Although it was not
determined whether the changes at transfer were accidental, this study
addressed the problem that generated the 2005 Joint Commission on Ac-
creditation of Healthcare Organizations (JCAHO) goal on medication regi-
men reconciliation.

Two other studies addressed ADWEs involving psychotropic medica-
tions, including benzodiazepines, with no evidence of negative effects on
behavior or perception of carefully controlled tapered withdrawal (Cohen-
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Mansfield et al., 1999) or more haphazard withdrawal or substitution
(Zullich et al., 1993).

Underutilization of Medications

A few studies have considered underutilization of medications in long-
term care, that is, failure to prescribe or administer medications for which
there is an evidence base for reduction of morbidity and mortality and a
best-practice designation (see Table C-9). Economic restrictions on medica-
tion acquisition could be a factor in the underutilization rates quoted below.

A retrospective study of 2,014 residents over age 65 from a stratified
random sample of 193 assisted-living facilities in four U.S. states demon-
strated that underutilization of medications was common (Sloane et al.,
2004). Of 328 residents with congestive heart failure, 62 percent were not
receiving an ACE inhibitor; of 172 subjects with a history of myocardial
infarction, 60.5 percent were not receiving aspirin, and 76 percent were not
receiving beta-blockers; of 435 residents with a history of stroke, 37.5
percent were not receiving an anticoagulant or antiplatelet product; and of
315 residents with osteoporosis, 61 percent were not receiving calcium
supplementation, and 51 percent were not receiving any treatment.

In another retrospective review of the records of 2,587 nursing home
residents, only 53 percent of ideal candidates with atrial fibrillation were
receiving warfarin. The therapeutic international normalized ratio (INR)
range was maintained only 51 percent of the time (McCormick et al.,
2001).

In a Dutch study (van Dijk et al., 2003), the most common prescribing
problem was omission of a gastroprotective drug, which occurred in 85
percent of residents taking nonsteroidal anti-inflammatory drugs (NSAIDs).
Using judgments of an expert review panel, Ruths and colleagues identified
underuse of beneficial therapy in 13 percent of residents in 23 nursing
homes in Norway (Ruths et al., 2003).

Studies using the SAGE (Systematic Assessment of Geriatric drug use
via Epidemiology) database that linked information from the Minimum
Data Set (MDS) and nursing home drug utilization data showed that only
25 percent of 86,094 nursing home residents with congestive heart failure
were prescribed an ACE inhibitor (Gambassi et al., 2000). Another study
using SAGE data showed that only 55 percent of residents identified as
depressed based on the MDS received antidepressants, and 35 percent of
those received less than the manufacturer’s recommended dose (Brown et
al., 2002), although underdosing may be appropriate for more frail elderly
adults.

Inadequate pain management is a well-documented example of under-
utilization of medication, with 45–80 percent of nursing home residents
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having unrelieved pain (AGS, 2002). Cross-sectional studies using the SAGE
database or MDS data have indicated that 26 percent of nursing home
residents overall and 30 percent of those with a cancer diagnosis have daily
pain, and approximately 25 percent of these individuals receive no analge-
sics (Bernabei et al., 1998; Won et al., 1999, 2004). Using a scale developed

TABLE C-9 Nursing Home Care: Prescription Errors of Omission

Percentage of residents receiving ACE inhibitors
38 (Sloane et al., 2004) (for resident 65+)

Percentage of residents prescribed ACE inhibitors
25 (Gambassi et al., 2000)

Percentage of residents receiving aspirin
40 (Sloane et al., 2004)

Percentage of residents receiving beta-blockers
24 (Sloane et al., 2004)

Percentage of residents receiving anticoagulant or antiplatelet
product

63 (Sloane et al., 2004)

Percentage of residents receiving calcium supplementation
39 (Sloane et al., 2004)

Percentage of residents receiving any treatment
49 (Sloane et al., 2004)

Percentage of residents receiving warfarin
53 (McCormick et al., 2001)

Percentage of residents receiving gastroprotective drugs
15 (van Dijk et al., 2003)

Percentage of residents receiving antidepressants
55 (Brown et al., 2002)

Percentage of residents having unrelieved pain
45–80 (AGS, 2002)
Percentage of residents receiving no analgesics
~25 percent (Bernabei et al., 1998; Won et al., 1999, 2004)
Percentage of residents receiving optimal pain management
66 percent (Hutt et al., 2006).

Residents 65+ with
congestive heart failure

Residents with
congestive heart failure

Residents 65+ with
history of myocardial
infarction

Residents 65+ with
history of myocardial
infarction

Residents 65+ with
history of stroke

Residents 65+ with
osteoporosis

Residents 65+ with
osteoporosis

Residents with
atrial fibrillation

Residents taking
nonsteroidal anti-
flammatory drugs
(NSAIDs)

Residents with
depression

Residents with
pain
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to quantify the appropriateness of pain management in nursing homes,
Hutt and colleagues (2006) calculated a mean score of 66 percent of opti-
mal pain management in residents of 12 nursing homes in Colorado (Hutt
et al., 2006). Fewer than half of the residents with predictably recurrent
pain had prescriptions for scheduled pain medication, and only 40 percent
with neuropathic pain were on an appropriate analgesic adjuvant.

Overuse of H2 Blockers

Overutilization of medication, another indicator of inappropriate pre-
scribing, was demonstrated in a retrospective chart review of the use of
histamine-2 (H2) receptor blocker therapy among 711 residents in one
academic nursing home (Gurwitz et al., 1992). H2 blocker therapy was used
for unsubstantiated indications in 41 percent of the 110 residents receiving
this category of drugs.

INCIDENCE OF MEDICATION ERRORS IN AMBULATORY CARE

For the purposes of this study, the committee examined medication
error rates in six different settings within the ambulatory care domain: (1)
the interface between care settings, for example, from hospital care to
outpatient clinic; (2) the ambulatory clinic; (3) the community or mail order
pharmacy; (4) the home care setting; (5) the self-care setting; and (6) the
school setting.

Interface Between Care Settings

It is believed that medication errors and ADEs occur frequently in the
interfaces between care settings, particularly after hospital discharge, yet the
committee could find only two studies estimating error rates for such transi-
tions (see Table C-10). In one study, a total of 42 (49 percent) patients who
were discharged from the hospital and received continuing care from their
primary care physicians experienced at least one medication error within
2 months of hospital discharge (Moore et al., 2003). In the other study, 45
(11 percent) of the 400 patients discharged from a general medicine service

TABLE C-10 Errors Across the Interfaces of Care
Hospital to Medication errors per patient—detection method
clinic 49 percent (Moore et al., 2003)—comparison of inpatient and

outpatient records

Hospital to Preventable ADEs per patient—detection method
home 3 percent (Forster et al., 2005)—record review and patient interview
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experienced an ADE: 32 patients had significant injuries, 6 had serious inju-
ries, and 7 had life-threatening injuries; 27 percent of the ADEs were consid-
ered preventable, and 33 percent ameliorable (Forster et al., 2005).

The Ambulatory Clinic

Most studies on medication errors in ambulatory care have focused on
prescribing errors (see Table C-11).

TABLE C-11 Ambulatory Clinic: Prescribing Errors
Prescription Percentage of prescriptions containing at least one prescription
writing errors writing error—detection method

21 (Shaughnessy and Nickel, 1989)—prescription review

Errors in an Percentage of patients with prescribing errors—detection method
ambulatory 97.7 (Manley et al., 2003b)—chart review
hemodialysis Medication-related problems per patient per month—detection
unit method

0.45 (Manley et al., 2003a)—pharmacist review of medication orders

Potential drug– Percentage of patients with two or more prescriptions with
drug interactions potential drug–drug interactions—detection method

6.2–6.7 (Solberg et al., 2004)—review of administration data
0.74 (Zhan et al., 2005)—review of administration data

Potential drug– Percentage of patients with two or more prescriptions with
disease potential drug–disease interactions—detection method
interactions 2.58 (Zhan et al., 2005)—review of administration data

Dispensing Percentage of labels with usual dosage not present—detection
of samples method

12 (Dill and Generali, 2000)—review of samples

Dispensing Percentage of labels that referred user to enclosed prescribing
of samples information that was absent—detection method

17 (Dill and Generali, 2000)—review of samples

Lack of Percentage of patients being treated with levothyroxine not
medication receiving minimum monitoring—detection method
monitoring 44 (Stelfox et al., 2004)—chart review

Documentation Current medications per patient missing from patient record—
errors detection method

0.37 (Wagner and Hogan, 1996)—review of patient record
0.89 (Bedell et al., 2000)—review of patient record

Documentation Percentage of prescription renewals missing from patient record—
errors detection method

15 (Ernst et al., 2001)—review of patient record
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Prescription Writing Errors

In a retrospective review of 1,814 prescriptions written by 20 family
medicine residents, Shaughnessy and Nickel (1989) found that 21 percent
of the prescriptions contained at least one prescription writing error. The
errors included omissions (6 percent), prescriptions written for nonpre-
scription products (5 percent), incorrect doses or directions (3 percent),
indecipherable quantity to be dispensed (3 percent), unfulfilled legal re-
quirements (1 percent), and incomplete directions (1 percent).

Care Delivery in the Ambulatory Specialty Clinic

Although medication errors occur in ambulatory specialty clinics in
association with chemotherapeutic agents, IV infusions, and hemodialysis,
there is a lack of data on the incidence of these errors. Only three studies
were found—two on hemodialyis and one on chemotherapy.

In one group of 133 ambulatory patients undergoing hemodialysis, the
percentage of medication prescribing errors was 97.7 percent; the most
frequent errors detected were prescribing medications without indication
(30.9 percent), prescribing medications without laboratory-related moni-
toring (27.6 percent), and not prescribing a medication despite an indica-
tion for usage (17.5 percent) (Manley et al., 2003b).

A study carried out in August 2001 through May 2002 reviewed the
medications of 133 patients in an ambulatory hemodialysis unit (Manley
et al., 2003a). Over a 10-month period, a pharmacist reviewed 5,373
medication orders and identified 354 (6.6 percent) medication-related
problems. Most common were medication dosing problems (33.5 per-
cent), adverse drug reactions (20.7 percent), and an indication that was
not currently being treated (13.5 percent). At the end of the study period,
0.45 medication-related problems per patient per month had been identi-
fied. Extrapolating these finding to the 246,000 U.S. hemodialysis pa-
tients would mean that almost 111,000 medication-related problems oc-
cur each month.

In a prospective cohort study at three outpatient chemotherapy units,
1,380 adults experienced 203 potential ADEs, none of which caused harm,
and 226 children experienced 34 potential ADEs, again none causing
harm (Gandhi et al., 2005). Overall, there was a medication error rate of
3 percent (306 out of 10,122 orders).

Potential Drug–Drug and Drug–Disease Interactions

Potential drug–drug interaction rates were found to range from 6.2 to
6.7 percent per year among users of a core group of commonly taken
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medications. These estimates were derived from health plan administrative
data (Solberg et al., 2004). A retrospective analysis of data from the 1995–
2000 National Ambulatory Medical Care Survey and National Hospital
Ambulatory Medical Care Survey found inappropriate drug–drug combi-
nations in 0.74 percent of visits involving two or more prescriptions and
inappropriate drug–disease combinations in 2.58 percent of visits involving
at least one prescription (Zhan et al., 2005).

Administering of Samples

Concerns about labeling have been researched for sample medications
dispensed from the ambulatory care setting. In one study (Dill and Generali,
2000), involving 35 frequently used sample medications from 16 different
manufacturers with nine drug classifications, information on the usual dos-
age was not present on 12 percent of the labels evaluated; 17 percent gave
dosage and frequency; and 9 percent gave dosage, route, frequency, and
duration. The remaining 62 percent referred the user to enclosed prescrib-
ing information, which in 27 percent of cases was not in fact enclosed.

Lack of Medication Monitoring

The committee identified only one study of medication monitoring in
an ambulatory care setting. In a retrospective chart review of 400 outpa-
tients being treated with levothyroxine at a large North American tertiary
care hospital, only 56 percent of patients were found to have received
minimum monitoring based on criteria derived from the literature and
established through expert consensus (Stelfox et al., 2004). Those patients
who received the recommended monitoring had fewer levothyroxine-related
ADEs than those who did not (1 percent versus 6 percent).

Documentation Errors

Three studies have examined the rate of medication discrepancies in the
outpatient medical record. A study in an outpatient geriatric center found
that 0.37 of current medications per patient (43 medications/117 patients)
were missing from the patient record, and 0.38 of medications per patient
(44 medications/117 patients) were included in the record but were not
currently being taken by the patient (Wagner and Hogan, 1996). About a
third of these errors were judged to have been caused by patients who
misreported a medication at a previous visit or changed (stopped, started,
or dose-adjusted) a medication between visits. A study carried out in a
private practice affiliated with an academic center, involving 312 patients
from the practices of five cardiologists and two internists, found that 0.89
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of current medications per patient (278 medications/312 patients) were
missing from the patient record, and 0.51 of medications per patient (158
medications/312 patients) were included in the record but were not cur-
rently being taken by the patient (Bedell et al., 2000). In a family medicine
outpatient clinic, pharmacists evaluated 950 prescription-renewal requests
for 134 medications and found that 15 percent of prescriptions (147 out of
950) were for medications the patient was taking but were not recorded in
the patient’s chart (Ernst et al., 2001).

The Community or Mail Order Pharmacy

A medication procurement error led to the inadvertent use of Bicillin
C-R to treat syphilis in a Los Angeles clinic (CDC, 2005). In late 1998, the
clinic pharmacy received a shipment of Bicillin C-R instead of Bicillin
L-A. The pharmacy continued to order Bicillin C-R until March 2004.
Other errors in the community pharmacy setting have been associated with
telephoned prescriptions and medication dispensing (see Table C-12).

Prescription orders are frequently given by telephone. A study pub-
lished in 1990 reported that that telephone prescriptions account for over
30 percent of all prescriptions (Spencer and Daugird, 1990). Although
telephone prescription errors in the community pharmacy setting have raised
concern about patient safety, the committee could only find one study
addressing this topic. An observational study conducted in two community
pharmacies over 11 days analyzed 813 telephone prescriptions (Camp et
al., 2003). The investigators found that 12.4 percent of the telephone pre-
scriptions contained an error. The most common types of errors included
prescribing medication for the wrong patient, not providing the patient’s
telephone number, prescribing the wrong strength, giving the wrong direc-
tions for use, and prescribing the wrong medication.

A study conducted in one hospital-based outpatient pharmacy found
the rate of dispensing errors to be 12.5 percent (1,229/9,846 prescriptions),
and 1.6 percent (155/9,846 prescriptions) of the prescriptions contained

TABLE C-12 Community Pharmacy: Errors
Telephoned pre- Percentage of telephone prescriptions containing an error—
scription errors detection method

12.4 (Camp et al., 2003)—direct observation

Dispensing errors Percentage of prescription erroneously dispensed—detection method
1.7 (Flynn et al., 2003)—direct observation
3.4 (Buchanan et al., 1991)—direct observation
12.5 (Kistner et al., 1994)—audit of filled prescriptions
24 (Allan et al., 1995)—audit of filled prescriptions
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errors that had the potential to cause serious harm (Kistner et al., 1994).
Another study, conducted in 100 randomly selected community pharma-
cies, involved the analysis of 100 prescriptions. Allan and colleagues (1995)
found 24 dispensing errors, 4 of which were clinically significant. In a
cross-sectional, direct observational study at a high-volume outpatient phar-
macy, the dispensing error rate was found to be 3.4 percent (Buchanan et
al., 1991). In a more recent cross-sectional, direct observational study of 50
community pharmacies (encompassing chain, independent, and health sys-
tem pharmacies) located in six cities across the United States, the investiga-
tors found that the overall dispensing accuracy rate for new and refill
prescriptions was 98.3 percent (Flynn et al., 2003). They found 77 errors
among the 4,481 prescriptions they analyzed. Of the 77 identified errors, 5
(6.5 percent) were judged to be clinically important. The medication error
rate did not differ significantly by pharmacy type or city. This dispensing
error rate indicates that there are approximately 4 errors per 250 prescrip-
tions per pharmacy per day, translating to an estimated 51.5 million errors
during the filling of 3 billion prescriptions each year.

One study of medication errors involving mail order pharmacy was
found (see Table C-13). During September and October 2003, at a highly
automated mail order pharmacy practice, the original prescription order
was compared with the container contents and label (Teagarden et al.,
2005). The overall dispensing error rate was 0.075 percent—16 dispensing
errors among 21,252 prescriptions. Of these errors, 14 involved incomplete
or incorrect directions on the final label, 1 was due to the entry of an
incorrect quantity on the system record, and 1 was due to the omission of
the drug on the system record. No errors were associated with the mechani-
cal aspects of the dispensing process.

The Home Care Setting

Two studies have examined prescribing errors in the home care setting
(see Table C-14). In an evaluation of 11,689 prescriptions taken by 2,193

TABLE C-13 Mail Order Pharmacy: Errors
Dispensing errors Percentage of prescription erroneously dispensed—detection method

0.075 (Teagarden et al., 2005)—audit of filled prescriptions

TABLE C-14 Home Care Setting: Prescribing Errors
Inappropriate Percentage of patients prescribed inappropriate medications
prescribing for 30 (Meredith et al., 2001)
elderly 40 (Golden et al., 1999)
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homebound persons aged 60 and older, investigators found that 10 percent
of these prescriptions were inappropriate (according to the Beers criteria)
(Golden et al., 1999). Moreover, they found that 40 percent (871 out of
2,193 patients) of the subjects in the study had received at least one inap-
propriate prescription and that 10.5 percent (230 out of 2,193) had re-
ceived two or more such prescriptions. A 2001 study analyzed the medica-
tion usage of 6,718 elderly home care patients and found that 30 percent
had experienced potential medication errors when either the Home Health
criteria (Brown et al., 1998) or the Beers criteria (Beers et al., 1992; Beers,
1997) were applied (Meredith et al., 2001).

In another study, self-reports of 101 home health care nurses from 12
agencies in six states showed that 78 percent of 1,467 patients who were in
the nurses’ care were at increased risk for medication errors because they
were taking five or more medications, although such errors actually oc-
curred less frequently (Ellenbecker et al., 2004). The investigators also
found that ADEs had occurred in approximately 5 percent of the reported
patients.

The Self-Care Setting

Studies on medication errors in the self-care setting have been related
largely to medication adherence (see Table C-15). There is a large body of
literature on medication adherence, most of which relates to particular
disease conditions. In an early study, medication adherence for prescribed
medications was estimated at about 50 percent (Sackett and Snow, 1979).

In 2004, a meta-analysis of 569 studies reporting on adherence to
medical treatments (328 relating to medications) was published (DiMatteo,
2004). For each study, the adherence rate, as defined by the study author(s),
was extracted. The average adherence rate over all studies was 75.2 percent
and over all medication studies was 79.4 percent. Adherence rates im-
proved over time: the average rate for pre-1980 studies (80 studies) was
62.6 percent and for 1980–1998 studies (491 studies) was 76.3 percent
(p <0.001). However, more recent studies investigating how adherence
rates change over time and with frequency of daily dosing have found
generally lower rates.

A study in which a medication event monitoring system was used to
assess patients’ adherence to anticonvulsant medications found the average

TABLE C-15 Self-Care Setting: Adherence Rates
Adherence rates Percentage medication adherence rate

80 (Corda et al., 2000)
76 (Cramer et al., 1989)
50 (Sackett and Snow, 1979)
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adherence rate to be 76 percent during 3,428 patient-days observed (Cramer
et al., 1989). The rate decreased, however, when the daily frequency in-
creased: 87 percent for dosing once/day, 81 percent for dosing twice/day, 77
percent for dosing three times/day, and 39 percent for dosing four times/day.

Another study evaluated adherence to medication among health care
professionals to estimate the expected upper limit of adherence among the
general population. In a self-administered survey, physicians and nurses
were asked about their use of prescribed medications for acute and chronic
illnesses (Corda et al., 2000). Among the respondents, 301 physicians and
nurses had been prescribed medications for acute and/or chronic illnesses
within 2 years of the survey. Of 610 prescribed medications, 80 percent
were taken as prescribed, with a 77 percent adherence rate for short-term
medications and an 84 percent rate for long-term medications.

Sharing of prescription medications appears to be relatively common
among children and adolescents (Daniel et al., 2003). In a mail survey of
youths aged 9–18 (764 girls and 804 boys), 16 percent of the girls reported
borrowing prescription medications from others and 15 percent sharing
their prescription medications with someone else; the respective propor-
tions among the boys were 12 and 8 percent. An adolescent obtaining a
prescription medication through sharing does not receive the appropriate
information about its actions and possible risks. Sharing of potentially
teratogenic drugs is of particular concern.

Results similar to the above were obtained in a survey of 963 adult
outpatients at a university general internal medicine practice (Shaheen et
al., 2004). Of the participants, 16 percent (158/963) reported using some-
one else’s prescription medication. Of those who had been prescribed at
least one medication in the past year, 17 percent (147/864) reported sharing
their medication with someone else.

The School Setting

The committee found no studies on medication error rates in the school
setting. Two studies have addressed this issue. In one study, 649 members
of the National Association of School Nurses surveyed reported that 5.6
percent of school children were treated with medications in school; 3.3
percent of these children received medications for attention-deficit hyperac-
tivity disorder (ADHD) (McCarthy et al., 2000). Almost all of the school
nurses reported following written guidelines for administering medications,
and 75.6 percent reported that they delegated medication administration to
assertive unlicensed personnel (66.2 percent secretaries). About half (48.5
percent) reported errors in administering medication. Missing a dose was
reported to be the most common error (79.9 percent).
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Incidence of ADEs During Ambulatory Care

The committee identified three studies on the rate of ADEs in ambula-
tory clinics (see Table C-16). In one study, using patient surveys and chart
review, 394 (18 percent) patients reported a drug complication. Most of
these complications were not noted in the medical chart, and it proved
impossible to assess what proportion were preventable (Gandhi et al., 2000).
A second study found that 162 (25 percent) of the 661 ambulatory care
patients studied had experienced an ADE (Gandhi et al., 2003). Of the 181
ADEs found, 13 percent were serious, and 28 percent were ameliorable; 11
percent were attributed to the physician’s failure to respond to medication-
related symptoms. A third study, involving Medicare patients, found an
overall ADE rate of 50.1 per 1,000 patient-years and a preventable ADE
rate of 13.8 per 1,000 patient-years (Gurwitz et al., 2003). Of the 38
percent of ADEs that were serious, 42.2 percent were preventable, and of
the 62 percent of ADEs that were significant, 18.7 percent were prevent-
able. The preventable ADEs occurred most often at the stages of prescribing
(58.4 percent), monitoring (60.8 percent), and administration and patient
adherence (21.1 percent).

INCIDENCE OF MEDICATION ERRORS IN PEDIATRIC CARE

It has become clear that the prescribing, dispensing, and administration
of medications are associated with a substantial portion of the preventable
medical errors that occur with children (Kaushal et al., 2001, 2004). Given
the need to tailor all pediatric medication doses to body-size parameters
(e.g., weight, body mass index), the fact that children are much less able
than adults to double-check their own medications in any setting, and the
wide range of appropriate doses for any medication based on the child’s
size, children are uniquely vulnerable to medication errors. Accurate pedi-
atric medication administration requires accurate weights; proper conver-
sion of pounds to kilograms; the correct choice of appropriate preparations

TABLE C-16 Ambulatory Care: ADE Incidence
Events per ADEs per 100 Proportion of

Study 100 Patients Patient-Years ADEs Preventable

Gurwitz et al., 2003 Not given 5 28 percent (out of 1,523
ADEs in study)

Gandhi et al., 2000 18 drug Not given Not reported (394 drug
complications complications in study)

Gandhi et al., 2003 27 ADEs Not given 20 percent (out of 181
ADEs in study)
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and concentrations; and the ability to measure and administer doses prop-
erly, particularly for liquid medications. The ways children differ from
adult patients can be summarized by the factors of developmental change,
dependency on adults, different disease epidemiology, and demographic
characteristics (Forrest et al., 2003). These factors predispose children to
patient safety events resulting from, for example, young children needing to
rely on adults for dose checking and having to take liquid medications
rather than standard-sized pills.

Prescription and Selection of the Drug for the Patient

A number of studies have examined prescription and selection errors
associated with medications for pediatric populations (see Table C-17). An
inpatient study covering all types of medications carried out at two urban
teaching hospitals reported a 4.2 percent error rate (454 physician ordering
errors out of 10,778 orders), or 405 prescribing errors per 1,000 patients
(Kaushal et al., 2001). Using a broader definition of medication error, a
French study reported a higher error rate—24 percent (937 prescribing
errors out of 3,943 orders) (Fontan et al., 2003). Also using a broader

TABLE C-17 Hospital Pediatric Care: Prescription and Selection Errors
Medication Percentage of prescriptions containing an error—detection method
ordering errors 4.2 (Kaushal et al., 2001)—chart review

24 (Fontan et al., 2003)—chart review

Medication Percentage of prescriptions containing an error—detection method
ordering errors 30 (Potts et al., 2004)—chart review
in pediatric ICU

Preventable ADEs Preventable ADEs per 1,000 admissions
0.6 (Hardmeier et al., 2004)
1.1 (Bates et al., 1995b)
1.4 (Nebeker et al., 2005)

Gentamicin Percentage of prescriptions containing an error—detection method
prescribing in 13 (14/105) before computerized physician order entry (CPOE)
neonatal ICU (Cordero et al., 2004)—review of chart and medical record

0 (0/92) post CPOE (Cordero et al., 2004)—review of chart and
medical record

Ten-fold pre- Errors intercepted per 1,000 admissions—detection method
scribing errors 5.3 (Lesar, 2002b)—incident reports
intercepted
before reaching
the patient
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definition, a still higher rate of 30 percent was observed in a pediatric ICU
(2,049 prescribing errors out of 6,803 orders) (Potts et al., 2004).

The French study cited above observed sharply differing error rates for
handwritten and computerized prescribing. The study found a handwritten
prescribing error rate of 88 percent (518 prescribing errors out of 589
orders) and a computerized prescribing error rate of 11 percent (419 errors
out of 3,943 orders) (Fontan et al., 2003).

A more focused study in a neonatal ICU observed 14 Gentamicin pre-
scription dosage errors in 105 very-low-birthweight infants (13 percent
error rate) prior to the implementation of computerized physician order
entry (CPOE) (Cordero et al., 2004). In 92 post-CPOE infants, no medica-
tion errors occurred. In another study in a neonatal ICU, 60 total parenteral
nutrition errors were observed out of 557 total parenteral nutrition orders
(11 percent error rate) (Lehmann et al., 2004).

Finally, another study evaluated ten-fold prescribing errors that were
intercepted before reaching the patient. The occurrence of such errors in a
631-bed tertiary care teaching hospital was 0.53 per 100 pediatric admis-
sions (Lesar, 2002b).

Medication Documentation

Three studies evaluated transcription/documentation errors for medi-
cations in hospital pediatric care (see Table C-18). In a study of two aca-
demic pediatric units, 85 documentation errors were found in 10,778 or-
ders (0.8 percent) (Kaushal et al., 2001). In another study, 49 pediatric
medication cardexes out of 540 (9 percent) were found to disagree in a
major way (different dose, wrong medication, wrong frequency or dura-
tion, missing route) from the physician’s original medication order (Cable
and Croft, 2004). In a third study, at the first transcription, 20.7 percent
(41 out of 198) of nonchemotherapy prescriptions and 11.8 percent (16 out
of 135) of chemotherapy prescriptions were transcribed incorrectly in a
pediatric oncohematology unit (Pichon et al., 2002).

TABLE C-18 Hospital Pediatric Care: Documentation Errors
Medication docu- Percentage of orders containing an error—detection method
mentation errors 0.8 (Kaushal et al., 2001)—chart review

9 (Cable and Croft, 2004)—chart review

Medication trans- Percentage of orders containing an error—detection method
cription errors 20.7 nonchemotherapy prescriptions (Pichon et al., 2002)—chart
in a pediatric review
oncohematology 11.8 chemotherapy prescriptions (Pichon et al., 2002)—chart
unit review
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Preparation and Dispensing of the Drug

The committee identified only four studies addressing errors associated
with the preparation and dispensing of medications in hospital pediatric
care (see Table C-19). One study was based on chart reviews, which make
it difficult to detect dispensing errors, particularly if errors are recognized
and corrected before medication is given to the patient (Kaushal et al.,
2001). This study estimated the rate of dispensing errors to be 0.05 errors
per order written, or 5 dispensing errors per 1,000 patients.

Three other studies examined the proportion of dispensing errors among
all reported medication errors. Estimates of this proportion vary widely: 4.5
percent for all types of medication in an inpatient setting (King et al., 2003),
9.3 percent for chemotherapy in an inpatient setting (France et al., 2004), and
58.9 percent for all types of medication in an ICU (Frey et al., 2002).

Administration of the Drug

Rates of drug administration errors have been reported in varying ways
(see Table C-20). Administration errors were estimated to be 0.72 errors
per 100 orders (or 7 per 100 admissions, or 19.8 per 1,000 patient-days)
for all types of medication in an inpatient setting (Kaushal et al., 2001); 23

TABLE C-19 Hospital Pediatric Care: Preparation and Dispensing Errors
Error rates Errors per 1,000 patients—detection method

5 (Kaushal et al., 2001)—chart review

Proportion of Percentage of reported errors related to dispensing—detection method
dispensing errors 4.5 percent (inpatient setting) (King et al., 2003)—incident reports
among all medi- 9.3 percent (chemotherapy, inpatient setting) (France et al., 2004)—
cation errors incident reports

58.9 percent (ICU) (Frey et al., 2002)—incident reports

TABLE C-20 Hospital Pediatric Care: Administration Errors
Error rates, Errors per 100 orders—detection method
inpatient unit 0.72 (Kaushal et al., 2001)—chart review

Error rates, Errors per 100 admissions—detection method
inpatient unit 7 (Kaushal et al., 2001)—chart review

Error rates, Errors per 1,000 patient-days—detection method
inpatient unit 19.8 (Kaushal et al., 2001)—chart review

Error rate, Errors as a percentage of opportunities for error—detection method
nephrology unit 23 (Fontan et al., 2003)—chart review
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percent of opportunities for administration errors in a pediatric nephrology
ward (Fontan et al., 2003); 3.9 errors per 100 charts reviewed for all types
of medication in an emergency department (Kozer et al., 2002); and 21.7
acetaminophen dosage errors per 100 patients receiving acetaminophen in
an emergency department (Losek, 2004).

Monitoring of the Patient for Effect

Only one study reported on errors involving monitoring of the patient
for effects (see Table C-21). Using chart review, this study estimated a rate
of 4 errors per 1,000 patients (Kaushal et al., 2001).

Pediatric Care in the Ambulatory and Emergency Department Setting

The majority of pediatric medication error studies identified by the
committee were focused on hospitalized patients. Three studies were fo-
cused on the ambulatory care setting and two studies on the emergency
department setting. Of the three ambulatory care studies, all examined
immunizations (see Table C-22). One study, conducted in the United States,
defined invalid vaccine doses as doses given before the minimum recom-
mended age, doses not given within the recommended spacing from the
previous dose, doses given unnecessarily (defined as 1 year earlier than the
required age), and live virus vaccine given too soon after a previous live
virus vaccine. This study estimated 4 invalid doses per 100 immunizations
given to children, or 36 percent of children being immunized receiving at

TABLE C-21 Hospital Pediatric Care: Monitoring Errors
Monitoring Errors per 1,000 patients—detection method
errors 4 (Kaushal et al., 2001)—chart review

TABLE C-22 Ambulatory Pediatric Care: Immunization Errors
Invalid doses Invalid doses per every 100 immunizations—detection method

4 (Butte et al., 2001)—chart review

Overimmunized Percentage of children overimmunized—detection method
for at least one 21 (Feikema et al., 2000)—chart review from National
vaccine Immunization Screenings

Vaccine doses Doses reported per 1 million immunization doses—detection method
reported to 11 (Petridou et al., 2004)—incident reports
National Poison
Registry
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least 1 invalid dose (Butte et al., 2001). A second study, also conducted in
the United States, estimated 21 percent of children being overimmunized
for at least one vaccine (Feikema et al., 2000). A third study reported on
calls regarding vaccines to the National Poison Control Registry in Greece.
The estimate of 11 vaccine errors per 1 million immunization doses likely
represents significant underreporting since one would have to consider a
vaccine dose to be a poisoning to call this registry (Petridou et al., 2004).

Of the two emergency department studies, one focused on global esti-
mates of prescription and administration errors in this setting, and the
other on medication errors with respect to antipyretics (see Table C-23).
The first study estimated a rate of 100 prescribing errors per 1,000 patients
and 39 administration errors per 1,000 patients (Kozer et al., 2002). The
second study found that 22 percent of acetaminophen doses ordered were
outside of the recommended 10–15 milligrams/kilogram dose (Losek, 2004).

Incidence of ADEs During Hospitalization

A prospective study analyzed 1,120 patients at two academic pediatric
institutions during 1999 using chart, medication order sheet, and medica-
tion administration record review, as well as voluntary and solicited reports
(Kaushal et al., 2001) (see Table C-24). Twenty-six ADEs were identified—

TABLE C-23 Emergency Department Pediatric Care: Prescription and
Administration Errors
Prescribing errors Errors per 1,000 patients—detection method

100 (Kozer et al., 2002)—chart review

Administration Errors per 1,000 patients—detection method
errors 39 (Kozer et al., 2002)—chart review

Acetaminophen Percentage of doses ordered outside recommended range—detection
doses ordered method
outside recom- 22 (Losek, 2004)—chart review
mended range

TABLE C-24 Hospital Care: Pediatric ADE Incidence During
Hospitalization

ADEs ADEs
per 100 per 1,000 Proportion of ADEs

Study Admissions Patient-Days Preventable

Kaushal et al., 2001 2.3 6.6 19 percent (out of 26 ADEs
in the study)

Holdsworth et al., 2003 6 7.5 (76 ADEs in the study)
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2.3 per 100 admissions or 6.6 per 1,000 patient days; 19 percent of the
ADEs were considered preventable.

A later prospective study analyzed 1,197 consecutive admissions (cor-
responding to 922 patients and 10,164 patient days) at a general pediatric
unit and a pediatric ICU in a metropolitan medical center (Holdsworth et
al., 2003). Seventy-six ADEs were identified—6 per 100 admissions or 7.5
per 1,000 patient days.

INCIDENCE OF MEDICATION ERRORS IN PSYCHIATRIC CARE

Many studies of medication errors associated with psychotropic medi-
cation were conducted as part of either larger general medical–surgical
studies or ADE-reporting databases or were limited to geriatric populations
in settings not restricted to psychiatric care, such as nursing homes and
ambulatory clinics.

General Medical–Surgical Studies

An 18-month study in a tertiary care hospital used computerized moni-
toring to identify 701 ADEs, including 18 due to psychotropic drugs (2.4
percent) (Classen et al., 1991). A study using several active detection ap-
proaches, including daily chart review, among 4,031 medical–surgical inpa-
tients found 247 ADEs (6.5 per 100 admissions) (Bates et al., 1993). Psy-
chotropic medications represented 7 percent of all medication errors. A
more recent study of hospitalized patients found that psychotropic drugs
accounted for 0.41 percent of serious medication errors (Bates et al., 1998).
After CPOE and a team intervention to prevent ADEs were implemented,
this rate fell to 0.16 percent. A study using pharmacist detection of pre-
scribing errors with potential for harm in a teaching hospital found that
among 11,186 errors, 146 (1.3 percent) were associated with psychotropic
medications (Lesar et al., 1997).

Geriatric Populations in Settings Not Restricted to Psychiatric Care

Older patients may be particularly vulnerable to the harmful effects of
psychotropic medications (Monette et al., 1995). A 1-year study of 18
nursing homes reported that among 546 ADEs (1.89 per 100 resident-
months), 193 (35 percent) were due to psychotropic medications (Gurwitz
et al., 2000). A greater proportion of ADEs due to psychotropic medica-
tions (63 percent), as compared with all other drug classes (43 percent), was
judged to be preventable.

One study found that psychotropic medications represented 23 percent
of inappropriate medication orders prescribed in nursing homes (Beers et
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al., 1992). Two other studies found that older adults in ambulatory settings
received even higher proportions of inappropriate psychotropic medica-
tions—27 percent (Aparasu and Fliginger, 1997) and 44 percent (Mort and
Aparasu, 2000).

Psychiatric Hospitals

The committee identified two studies that examined the incidence of
medication errors in a mental health setting (see Table C-25). The more
recent of these retrospectively studied 31 state psychiatric inpatients over
2 months of care, for a total of 1,448 patient-days (Grasso et al., 2003).
Nine errors were self-reported using the usual incident reporting process,
whereas an independent multidisciplinary review team found 2,194 errors
for the same 31 patients and episodes of care. There were 1,443 administra-
tion errors, accounting for more than half of the total (66 percent); 498
transcription errors (23 percent); 239 prescription errors (11 percent); and
14 dispensing errors (less than 1 percent). Nineteen percent of errors were
rated as having a low risk of harm, 23 percent as having a moderate risk,
and 58 percent as having a high risk.

The other study of ADEs included both inpatient and outpatient set-
tings and focused on the frequency, severity, causes, and costs of ADEs in
an integrated system of care that included medical and psychiatric patients
(Senst et al., 2001). In this setting, medication errors were implicated in
13.6 percent of psychiatric readmissions, with medication nonadherence
(considered part of the usual lexicon of medication errors) being implicated
in 69 percent of hospitalizations. The rate of ADEs during psychiatric
hospitalization was 4.2 per 100 admissions.

TABLE C-25 Psychiatric Care: Medication Errors
Prescribing errors Errors per 1,000 patient-days—detection method

165 (Grasso et al., 2003)—chart review

Transcription errors Errors per 1,000 patient-days—detection method
334 (Grasso et al., 2003)—chart review

Administration errors Errors per 1,000 patient-days—detection method
997 (Grasso et al., 2003)—chart review

Dispensing errors Errors per 1,000 patient-days—detection method
10 (Grasso et al., 2003)—chart review

ADEs Errors per 100 admissions—detection method
4.2 (Senst et al., 2001)—chart review
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The committee’s literature review yielded no reports focused specifi-
cally on medication errors in outpatient mental health settings, nor have
there been medication error incidence studies in settings where psycholo-
gists have prescriptive authority. Finally, no studies were found on the
incidence and characteristics of medication errors in substance abuse set-
tings, including all settings where medical detoxification of individuals
treated for alcohol, sedative hypnotic, or opiate withdrawal occurs. All of
these are areas in which data are badly needed.

ERROR RATES: MUCH MORE NEEDS TO BE DONE

Where incidence rates of medication errors have been systematically
measured, such errors have been found to be common and at unaccept-
ably high levels. Errors in the administration of IV medications appear
to be particularly prevalent. Reasonably well-researched stages of the
medication-use process include prescribing, dispensing, and administering
in hospitals; prescribing in ambulatory clinics; dispensing in community
pharmacies; prescribing in the home care setting; medication adherence in
the self-care setting; and inappropriate use of psychotropic drugs.

Where it is possible to compare the results of multiple studies, estimates
of error rates vary widely. Much but not all of this variation can be ex-
plained by differences in definition and identification methods. Even when
the definition of error is standardized and the same identification method is
used, however, substantial variation in administration error rates by insti-
tution have been found (Barker et al., 2002). Taking account of this vari-
ability, the underlying error rates are unacceptably high.

Over the past decade, much scholarly activity and substantial govern-
ment resources have been directed at determining the extent and scope of
medication errors. Yet there are still broad aspects of the medication-use
process for which we have little or no understanding of error rates. These
include the selection and procurement of medications, monitoring of the
effectiveness of medications in all care settings, medication use in schools,
medication use in psychiatric care, and the use of over-the-counter and
complementary and alternative medications.

The committee concludes that still greater effort is needed in all care
settings to identify the incidence of medication errors—both to measure the
extent and scope of such errors and to assess the impact of error prevention
strategies.
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Many organizations and researchers have recommended specific inter-
ventions for preventing medication errors (See Box D-1). This appendix
reviews the empirical evidence in support of these interventions in three
care settings (hospital, nursing home, and community care), in pediatric
and psychiatric care, and in relation to over-the-counter (OTC) and comple-
mentary and alternative medications.

PREVENTION STRATEGIES FOR HOSPITAL CARE

The committee reviewed published error reduction strategies of 10
organizations (see Box D-1). The methods used by these organizations for
selecting and supporting their recommended interventions varied from those
based on expert opinion to more rigorous evaluation of the literature; some
organizations did not explicitly state the method used. Most proposed
interventions are based on expert opinion.

The most evidence-based summaries were produced by the Agency for
Healthcare Research and Quality (AHRQ). These summaries of specific
practices were derived from a rigorous review of the published literature
using strict article inclusion criteria and a standardized hierarchy for rating
the strength of evidence for any particular intervention. These recommen-
dations have been criticized, however, because of issues related to applying
the usual evidence criteria to safety interventions (Leape et al., 2002). The
National Quality Forum followed a rigorous process of interpreting the
AHRQ recommendations to develop standards using an expert panel.

D
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The Joint Commission on Accreditation of Healthcare Organizations
(JCAHO) selects its patient safety goals from a pool of recommendations
that are first identified by members of the Sentinel Event Advisory Group.
These recommendations are selected because they are considered either
evidence-based or, much more typically, consensus-based or practical. Simi-
larly, the Institute for Safe Medication Practices generally develops its guide-
lines based on careful analysis of reported errors. These recommendations
are then peer-reviewed prior to their release.

Recommendations for preventing medication errors are made by the Na-
tional Coordinating Council for Medication Error Reporting and Prevention’s
committee of experts in the field. The Massachusetts Coalition for the Preven-
tion of Medical Errors developed best-practice recommendations for the pre-
vention of medication errors based on a special consensus panel.

The American Society of Hospital Pharmacists (ASHP) convened a
multidisciplinary conference on preventing medication errors. Recommen-
dations from the ASHP derive largely from these expert panels. Along with
the ASHP, both the American Medical Association and the American Nurses
Association participated in this multidisciplinary conference.

Recommended Approaches

Table D-1 summarizes the error reduction strategies recommended
by the organizations listed in Box D-1. In general, most organizations

BOX D-1
Organizations with Published Prevention

Strategies for Hospital Care

• Agency for Healthcare Research and Quality (Shojania et al., 2001)
• American Society of Health-System Pharmacists (American Society of

Health-System Pharmacists, 1996)
• Institute for Healthcare Improvement (IHI, 2005)
• Institute of Medicine (IOM, 2000)
• Institute for Safe Medication Practices (ISMP, 2005b),
• Joint Commission on Accreditation of Healthcare Organizations (JCAHO,

2005a)
• Massachusetts Coalition for the Prevention of Medical Errors (MCPME,

1999)
• National Quality Forum (NQF, 2003)
• National Coordinating Council for Medication Error Reporting and Preven-

tion (NCCMERP, 2005b)
• Pathways for Medication Safety (Pathways for Medication Safety, 2002)
• U.S. Pharmacopeia (USP, 2005)
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TABLE D-1 Recommendations for the Prevention of Medication Errors
in Hospital Care

Recommending Strength of Evidence
Recommended Practice Body Supporting Efficacy

Technological Interventions
Implement computerized provider IOM, NCCMERP, Medium strength
order entry (CPOE) MCPME, ASHP,

IHI, NQF, PMS,
AHRQ

Implement bar coding technology at NCCMERP, Limited evidence
the point of care MCPME, ASHP,

PMS, AHRQ

Ensure availability of pharmaceutical IOM, MCPME, Limited evidence
decision support ASHP

Use pharmaceutical software IOM, MCPME, Lower strength
ASHP

Use automated medication dispensing AHRQ Lower strength
devices

Ensure free-flow protection on all NCCMERP, JCAHO Limited evidence
general-use and patient-controlled
analgesia (PCA) intravenous (IV)
infusion pumps

Interventions Utilizing Clinical Pharmacists
Have a central pharmacist supply high- IOM, MCPME, Limited evidence
risk IV medications and pharmacy- PMS
based admixture systems

Include a pharmacist during rounds of IOM, MCPME, Medium strength
patient care units ASHP, AHRQ

Utilize pharmacist counseling of patients NCCMERP Limited evidence

Have a pharmacist available on call MCPME Medium strength
after hours of pharmacy operation

Have a pharmacist review all medi- ASHP, NQF Limited evidence
cation orders before first doses

Interventions Related to the Medication-Use Process
Establish a controlled formulary in  PMS Limited evidence
which the selected medications are
based more on safety than on cost

Standardize prescription writing and IOM, NCCMERP, Limited evidence
prescription rules, and eliminate ASHP, IHI, ISMP,
certain abbreviations and dose NQF, JCAHO, USP
expressions

continued
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Limit and formally structure verbal NCCMERP, ASHP, Limited evidence
communication of medication NQF, JCAHO
prescriptions

Implement unit dosing IOM, MCPME, Lower strength
NQF, AHRQ

Implement standard processes for IOM, IHI, ISMP, Limited evidence
medication doses, dose timing, and USP
dose scales in a given patient care unit

Monitor for look-alike and sound-alike IHI, ISMP, JCAHO, Limited evidence
medications USP

Limit the number of different kinds of IOM Limited evidence
common equipment

Do not store concentrated solutions of IOM, MCPME, Limited evidence
hazardous medications on patient care JCAHO, ISMP
units, and limit the number of drug
concentrations available in the
organization

Employ special procedures and written OM, MCPME, IHI, Medium strength
protocols for the use of high-risk IV INQF, PMS, ISMP,
and oral medications AHRQ, USP

Institute policies and procedures NCCMERP, NQF, Limited evidence
regarding labeling of all medications ISMP, JCAHO, USP

Miscellaneous Nontechnological Interventions
Adopt a systems-oriented approach to IOM, NCCMERP, Limited evidence
medication error reduction MCPME, ASHP,

IHI, PMS, ISMP,
USP

Use improved communication practices, NCCMERP, ASHP, Limited evidence
such as always resolving medication IHI, JCAHO
discrepancies prior to administration

Take steps to reduce workplace fatigue, IHI, ISMP, USP Lower strength
such as planned naps, careful
scheduling, or light therapy

Create a culture of safety NCCMERP, ASHP, Limited evidence
IHI, NQF, PMS,
ISMP, USP

Collect a medication history, and ISMP, JCAHO, USP Limited evidence
reconcile the list with the patient and
other providers during care transitions

TABLE D-1 continued
Recommending Strength of Evidence

Recommended Practice Body Supporting Efficacy
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recommend implementing computerized provider order entry (CPOE) and
bar coding at the bedside, although the evidence supporting bar coding
remains weak. Other specific interventions supported by multiple groups
include involving clinical pharmacists in patient rounds, implementing and
utilizing unit dosing, standardizing prescription writing and prescription
rules and eliminating certain abbreviations, utilizing special written proto-
cols for high-risk medications, and limiting as well as standardizing verbal
medication orders. Additional general recommendations embraced by most
organizations include adopting a systems-oriented approach to medication
errors, creating a culture of safety, and improving medication error identi-
fication and reporting.

For studies of interventions to reduce medication errors, inclusion crite-
ria derived from AHRQ-sponsored analysis of patient safety practices were
used (Shojania et al., 2001). Only studies with the following study design

Improve the work environment for IOM, ASHP, IHI, Limited evidence
medication preparation, dispensing, NQF
and administration

Improve error detection and reporting, NCCMERP, Limited evidence
and promote a nonpunitive atmosphere MCPME, ASHP,

NQF, PMS

Make relevant patient information IOM, MCPME, Indirectly supported
available at the point of care IHI through evidence on

CPOE, electronic
medication adminis-
tration record (MAR),
and bar coding

Use failure modes and effects analysis NCCMERP, PMS, Limited evidence
or other strategies for risk management ISMP

Improve patients’ knowledge about IOM, MCPME, IHI, Limited evidence
their treatment PMS

NOTE: AHRQ = Agency for Healthcare Research and Quality; ASHP = American Society of
Hospital Pharmacists; IHI = Institute for Healthcare Improvement; IOM = Institute of Medi-
cine; ISMP = Institute for Safe Medication Practices; JCAHO = Joint Commission on Accredi-
tation of Healthcare Organizations; MCPME = Massachusetts Coalition for the Prevention of
Medical Errors; NCCMERP = National Coordinating Council for Medication Error Report-
ing and Prevention; NQF = National Quality Forum; PMS = Pathways for Medication Safety;
USP = U.S. Pharmacopeia.
SOURCE: ASHP, 1993; No Author, 1996; MCPME, 1999; IOM, 2000; Shojania et al., 2001;
PMS, 2002; NQF, 2003; IHI, 2005; ISMP, 2005b; JCAHO, 2005a; NCCMERP, 2005b.

TABLE D-1 continued
Recommending Strength of Evidence

Recommended Practice Body Supporting Efficacy

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

414 APPENDIX  D

were included: (1) randomized controlled trial; (2) nonrandomized con-
trolled trial; (3) observational studies with controls. The same grading scale
was modified to indicate the strength of evidence supporting a particular
intervention: greatest, high, medium, lower, limited. This approach results
in an overly conservative assessment of the evidence supporting a particular
procedure, and these limitations have been well characterized previously
(Leape et al., 2002).

Most of the recommendations have limited evidence to support their
efficacy. The evidence appears strongest for recommendations to imple-
ment CPOE, include pharmacists in medication-intensive areas in the hos-
pital, and use standardized written protocols for high-risk medications.

Evaluation of Recommended Approaches

Interventions to reduce medication errors can be divided into four
categories: CPOE and decision-support systems, use of clinical pharmacists,
automated medication dispensing systems, and a final category that in-
cludes all other proposed strategies.

Computerized Provider Order Entry and Decision-Support Systems

Ten studies evaluated CPOE and decision-support systems for medica-
tion error reduction. Two of these studies were randomized controlled
trials, and the remaining eight used a before–after design. All ten studies
demonstrated a statistically significant reduction in medication errors. Rates
of medication errors were reduced by 13–86 percent, and rates of prevent-
able adverse drug events (ADEs) by 17–62 percent.

Two studies at Brigham and Women’s Hospital, Boston, Massachu-
setts, examined the impact of CPOE with clinical decision support on medi-
cations errors and ADEs. The first found that nonintercepted serious medi-
cation errors decreased by 55 percent, from 10.7 to 4.86 events per 1,000
patient-days (p = 0.01). Preventable ADEs declined by 17 percent, but this
was not statistically significant (Bates et al., 1998). The second study, con-
sisting of a baseline period followed by the implementation of CPOE with
decision support and then three study periods, demonstrated significant
reductions in all medication errors (excluding missed-dose errors) and
nonintercepted serious medication errors (Bates et al., 1999). The non-
missed-dose medication error rate fell 81 percent, from 142 per 1,000
patient-days in the baseline period to 26.6 per 1,000 patient days in period
3 (p <0.0001). The nonintercepted serious medication error rate declined
86 percent over the same time frame (p = 0.0003). However, the decline in
ADEs/1,000 patient days from 14.7 to 9.6 was not statistically significant.
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Neither study was sufficiently powered to detect a difference in the prevent-
able ADE rate.

The remaining eight studies examined more focused aspects of the
medication-use process. Another study at Brigham and Women’s Hospital
studied the impact of the implementation of a range of clinical decision-
support tools for improving physician prescribing practices. Following the
implementation of computerized decision support, use of the recommended
histamine2-blocker rose from 15.6 to 81.3 percent of orders (p <0.001); the
standard deviation of drug doses decreased by 11 percent (p <0.001); the
proportion of doses that exceeded the maximum decreased from 2.1 to 0.6
percent (p <0.001); use of the approved dosing frequency for ondansetron
hydrochloride increased from 6 to 75 percent of orders (p <0.001); and use
of subcutaneous heparin for thrombosis prophylaxis in patients on bed rest
increased from 24 to 46 percent of eligible cases (p <0.001).

At the Regenstrief Institute for Health Care, Indianapolis, Indiana, a
study investigated the impact of computerized reminders on physician test-
ordering behavior (Overhage et al., 1997). During a 6-month trial, reminders
about corollary orders were presented to 48 intervention physicians and
withheld from 41 control physicians. Intervention physicians executed the
suggested corollary orders in 46.3 percent of instances when they received a
reminder, compared with 21.9 percent among control physicians (p <0.0001).

Two studies were carried out at LDS Hospital, Salt Lake City, Utah.
The first compared a computerized antibiotic selection consultant with
physician antibiotic selection (Evans et al., 1994). The antibiotic consultant
suggested an antibiotic regimen to which all isolated pathogens were shown
to be susceptible for 453 out of 482 culture results (94 percent), while
physicians ordered an antibiotic regimen to which all isolated pathogens
were susceptible for 369 out of 482 culture results (77 percent) (p <0.001).
The second study found that computer-assisted decision support for order-
ing antibiotics in an intensive care unit (ICU) resulted in improved quality
of care (Evans et al., 1998). During the intervention period, all 545 patients
admitted were cared for with the aid of the anti-infectives management
program. Measures of processes and outcomes were compared with those
for the 1,136 patients admitted to the same unit during the 2 years before
the intervention period. Use of the program led to significant reductions in
orders for drugs to which the patients had reported allergies (35 versus 146
during the preintervention period, p <0.01), excess drug dosages (87 versus
405, p <0.01), and antibiotic-susceptibility mismatches (12 versus 206, p
<0.01). There were also marked reductions in adverse events caused by
anti-infective agents (4 versus 28, p <0.02).

A study at Brigham and Women’s Hospital, Boston, Massachusetts,
examined a computerized decision-support system for prescribing drugs
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that adjusted drug dose and frequency based on the patient’s renal insuffi-
ciency. The proportion of prescriptions deemed appropriate by dose in-
creased from 54 to 67 percent after the intervention (p <0.001), and by
frequency increased from 35 to 59 percent (p <0.001) (Chertow et al.,
2001).

The Section of General Internal Medicine, University of Illinois at Chi-
cago, investigated the impact of computer alerts relating to the appropriate
monitoring and use of digoxin (Galanter et al., 2004). Checking for un-
known serum values rose after implementation from 6 to 19 percent for
digoxin levels, 9 to 57 percent for potassium, and 12 to 40 percent for
magnesium (p <0.01 for all comparisons).

A study at the Division of General Internal Medicine, Vanderbilt Uni-
versity Medical Center, Nashville, Tennessee, examined the impact of a
CPOE system with clinical decision support designed to adjust medication
doses of psychotropic medications in geriatric patients (Peterson et al.,
2005). The intervention increased prescription of the recommended daily
dose from 19 to 29 percent (p <0.001), reduced the incidence of ten-fold
dosing from 5 to 2.8 percent (p <0.001), and reduced the prescription of
nonrecommended drugs from 10.8 to 7.6 percent of total orders (p <0.001).
Patients in the intervention group had a lower in-hospital fall rate—0.28
falls per 100 patient-days as compared with 0.64 falls per 100 patient-days
(p = 0.001).

Researchers at the Mount Sinai Medical Center, New York, New York,
investigated the impact of a CPOE system with clinical decision support
linked to pharmacist and nurse feedback, designed to adjust medication
doses in patients with renal insufficiency (Nash et al., 2005). The baseline
rate of excessive dosing was 23.2 percent of administered medications re-
quiring adjustment for renal insufficiency given to patients with renal im-
pairment on the participating units. The rate fell to 17.3 percent with nurse
feedback and 16.8 percent with pharmacist feedback in the participating
units (p <0.05 for each, relative to baseline). The rates of excessive dosing
for the rest of the hospital were largely unchanged over the same time
periods.

One recent critique (Berger and Kichak, 2004) of two key studies on
the medication-related safety benefits of CPOE (Bates et al., 1998, 1999)
suggested that while CPOE (with decision support) has the potential to
deliver benefits, there was some question as to whether these benefits had
been adequately demonstrated since the 1998 study did not show that the
preventable ADE rate had been reduced. The problem with this argument is
that the studies that have been conducted were powered to detect a differ-
ence not in the preventable ADE rate, but in the serious medication error
rate; no adequately powered studies of the preventable ADE rate have been
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carried out. A number of subsequent studies have also found that CPOE
can reduce medication error rates in the inpatient setting.

It is clear as well that computer systems can introduce errors of their
own (Ash et al., 2004; McDonald et al., 2004; Koppel et al., 2005), and
may even worsen outcomes in some instances. A recent study that raises
substantial concern observed an unexpected increase in mortality coinci-
dent with CPOE implementation (Han et al., 2005). Although this study
had a number of methodological flaws, the increase in mortality was large,
and the authors postulated that the increase may have been due to delays in
care caused by policies related to the introduction of CPOE and the tech-
nology itself. The committee acknowledges that there can be unintended
consequences if health care providers do not carefully plan and implement
major clinical transformations such as CPOE (Phibbs et al., 2005). Success-
ful implementation requires redesign of health care delivery processes
(Levick, 2005) and continuous monitoring for problems during the imple-
mentation phase, followed by the rapid introduction of system fixes (Bates,
2005). Finally, high rates of ADEs may continue after the implementation
of CPOE in the absence of decision support for drug selection, dosing, and
monitoring (Nebeker et al., 2005).

Role of the Clinical Pharmacist

Three hospital-based studies evaluated the role of the clinical pharma-
cist. In two of these studies, a clinical pharmacist accompanied the medical
team during daily rounds and was available throughout the day for consul-
tation. One study, carried out in a medical ICU in a large urban teaching
hospital, demonstrated a reduction in the preventable ADE rate of 66 per-
cent, from 10.4 to 3.5 per 1,000 patient-days (p <0.001) (Leape et al.,
1999). The pharmacist made 366 recommendations related to drug order-
ing, 362 of which (99 percent) were accepted by physicians. Another study,
carried out in a general medicine unit, demonstrated a reduction of 78
percent in preventable ADEs, from 26.5 to 5.7 per 1,000 patient-days
(Kucukarslan et al., 2003). There were 150 documented interventions rec-
ommended by the pharmacist during the rounding process, 147 (98 per-
cent) of which were accepted by the team. A third study utilized a clinical
pharmacist to review prescriptions for vancomycin to determine the ap-
propriateness of use (Anglim et al., 1997). The proportion of inappropri-
ate prescriptions written was reduced from 61 to 30 percent of orders
(p <0.001).

An additional study did not study pharmacists, but evaluated the im-
pact on medication errors of nurses with special medication safety educa-
tion (Greengold et al., 2003). In this study, the dedicated medication safety
nurses had no effect.
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Automated Medication-Dispensing Systems

Four studies evaluated automated medication-dispensing devices. In
the only randomized trial, now more than 20 years old, a bedside automatic
medication-dispensing machine was associated with a statistically signifi-
cant reduction in medication error rate from 15.9 percent within the con-
trol group (a decentralized unit dose system) to 10.6 percent within the
intervention group (Barker et al., 1984). In another study, implementation
of an automated drug-dispensing system led to a reduction in medication
errors, largely those related to time of administration, from 16.9 to 10.4
percent (p <0.001) (Borel and Rascati, 1995). This result is consistent with
that of a later study demonstrating that the introduction of an automated
medication-dispensing device led to an increase in the number of medica-
tions administered as scheduled from 59 to 77 percent of doses (p = 0.02)
(Shirley, 1999). The remaining study reported on the introduction of auto-
mated medication-dispensing devices into a cardiovascular surgery unit and
a cardiovascular ICU. Medication error rates decreased for patients in the
surgical unit but increased for patients in the cardiothoracic unit; neither
difference was statistically significant (Schwarz and Brodowy, 1995).

The AHRQ-funded review of patient safety practices concluded that
the evidence provided by the above studies does not support the use of
automated dispensing devices to reduce medication errors (Shojania et al.,
2001).

Other Studies

National disease registries have become an important mechanism for
correcting both under- and overprescribing of medications in hospitals for
certain important groups of patients—those with ST elevation and non–ST
elevation acute coronary syndrome and acute heart failure (Ferguson et al.,
2003; Peterson et al., 2004; Jha et al., 2005).

A randomized control trial in a cardiac surgical ICU tested the efficacy
of smart IV infusion pumps (incorporating an integrated decision-support
system)—the intervention period. In the control period, the decision-
support software was inactive. Although many errors were found
that would not otherwise have been detected, the rates of serious medica-
tion errors in the control and intervention periods were not different
(Rothschild et al., 2005).

A randomized controlled trial evaluated a continuous quality improve-
ment initiative designed to increase the use of preoperative beta-blockers in
patients undergoing coronary artery bypass graft surgery (Ferguson et al.,
2003). The intervention included a call to action to a physician leader at the
study site; educational products; and periodic longitudinal, site-specific feed-
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back benchmarked on national averages. Over a 2.5-year period, the use of
beta-blockers increased by 7.3 percent in the intervention sites compared
with 3.6 percent in the control sites (p = 0.04).

Two randomized controlled trials examined the impact of patient edu-
cational interventions on medication errors. In one study, geriatric patients
either participated in a self-medication program or received standard care
(Pereles et al., 1996). Participation in the self-medication program did not
increase the proportion of patients who were able to self-medicate on dis-
charge from the hospital. Adherence, however, was improved by the pro-
gram. The self-medication group had made statistically significant fewer
medication errors than the control group at 1-month follow-up. In the
other trial, intervention patients received drug safety information and their
medication list, and the control group received drug safety information
only. There was a nonsignificant difference between intervention patients
and controls in the ADE and close-call rates (Weingart et al., 2004).

A final study evaluated whether medical interns exposed to an ICU
schedule designed to minimize sleep deprivation might make fewer medica-
tion errors (Landrigan et al., 2004). The intervention group schedule was
designed to eliminate extended work shifts and reduced the number of
hours worked per week. The control group followed the traditional ICU
call schedule. The interns allocated to the traditional call schedule made
more serious medication errors than the intervention group (99.7 versus
82.5 per 1,000 patient-days, p = 0.03). The interns on the traditional sched-
ule also made more than five times as many serious diagnostic errors (18.6
versus 3.3 per 1,000 patient-days, p <0.001). The results of this study
suggest that limiting extended work shifts can reduce the medication error
rate.

PREVENTION STRATEGIES FOR NURSING HOME CARE

Interventions to prevent medication errors in nursing home care fall
into five categories: regulation, education and academic detailing, profiling
and feedback, medication therapy management, and the use of technology.

Regulation

Much of the research relevant to medication safety in nursing homes
has focused on documenting the overuse of psychotropic drugs prior to
1990 and evaluating the factors that influenced changes, and in some cases
improved use of these drugs. Federal regulation of the use of psychotropic
drugs in Medicaid- and Medicare-certified nursing homes became law in
1987 as the Nursing Home Reform Amendments of the Omnibus Budget
Reconciliation Act (OBRA) of 1987 (P.L. 100-203), also known as OBRA-
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87. Guidelines were implemented for antipsychotic drug use in October
1990 and for anti-anxiety drug use in April 1992. OBRA-87 regulations
required that for psychotropic drugs there be an appropriate diagnostic
indication, dosages within established limits, documentation of target symp-
toms, documentation of effect on target symptoms, documentation of pres-
ence or absence of side effects, and documentation of behavioral interven-
tions in addition to the use of psychotropic medications (Gurvich and
Cunningham, 2000). In 1999, the regulations were expanded to include a
modified version of the Beers criteria.

The committee identified several studies of the impact of regulation on
the use of psychotropic drugs in nursing homes. These studies used different
data sources, including chart reviews, Minimum Data Set (MDS) data, Online
Survey Certification and Reporting (OSCAR) data, and pharmacy records.

Antipsychotic Drugs

Earlier research established that the use of psychotropic medications
was widespread and excessive, as documented by a review (Kane et al.,
1993) of studies conducted prior to OBRA. Studies in 1987 and 1988 using
chart review and pharmacy records revealed that antipsychotic medications
were received by 14.2 percent of 524 nursing home residents in one facility
in New York (Lantz et al., 1996), 23 percent of residents of 372 nursing
homes in Minnesota (Garrard et al., 1995), 24 percent of residents in 16
skilled nursing facilities in Wisconsin (Svarstad and Mount, 1991; Svarstad
et al., 2001), and 26 percent of residents of 12 nursing homes in Massachu-
setts (Beers et al., 1988).

After the implementation of OBRA regulations for antipsychotic drugs,
Garrard and colleagues (1995) noted an 8 percent decrease in the preva-
lence of antipsychotic medications. Lantz and colleagues (1996) found a
modest 3.8 percent decline in use of antipsychotic drugs over a 10-year
period in one nursing home, which was not statistically significant, possibly
because of low baseline levels (12.4 percent). A mean reduction of 38
percent of antipsychotic drug use was found in 16 nursing homes post-
OBRA, with a range of an 85 percent reduction to a 19 percent increase
(Svarstad et al., 2001). A comparable magnitude of change (17.8 to 12.5
percent) was noted within 13 months of OBRA implementation in data
collected by a large pharmacy consulting company (Kane et al., 1993). The
number of patients requiring antipsyhotic drugs was essentially unchanged
in a Veterans Affairs (VA) nursing home in Wisconsin, but the average
haloperidol equivalent dose decreased over a 4-month period after OBRA
from 12.5 to 7 mg per day (Slater and Glaser, 1995). In another study, in an
academic nursing home in Chicago, OBRA was credited with discontinua-
tion or lowered doses in 27.6 percent of residents with dementia diagnoses
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only, 33.3 percent with psychiatric diagnosis only, and 36 percent with
both diagnoses (Semla et al., 1994).

Similar improvements in antipsychotic drug use were found in the medi-
cal records of 99 clients in a Wisconsin intermediate care facility for mental
retardation, including decreased antipsychotic dosage, decreased number of
persons who used antipsychotics, decreased use of as-needed psychotropics,
and increased use of other psychotropics (Howland, 1993). These results
are significant, since OBRA-87 was initially directed to this population, as
well as older institutional residents.

Kidder (1999) used a federal government study from 1974, studies in
the literature, and OSCAR data to conclude that antipsychotic drug pre-
scription decreased from a stable level of 33.65 percent pre-OBRA to
16.05 percent post-OBRA (Kidder, 1999). This Health Care Financing
Administration (now Centers for Medicare and Medicaid Services [CMS])
official also concluded that fears of deleterious effects from limiting anti-
psychotic drug use had not been realized, since MDS data and studies
identified no decrement, and possible improvement, in behavior and ac-
tivities of daily living among nursing home residents during the imple-
mentation of OBRA.

Anti-Anxiety Drugs

The impact of OBRA on anti-anxiety drug use is confounded by the
staggered implementation of the OBRA guidelines for antipsychotic and
anti-anxiety drugs, since many studies were conducted in the interval be-
tween implementation of the respective policies. Based on data prior to the
passage of OBRA, Beers and colleagues (1988) reported that of those resi-
dents of 12 Massachusetts nursing homes receiving benzodiazepines, 30
percent were taking a long-acting agent, a category that had been associ-
ated with increased sedation, falls, and other adverse events. The typical
dosage was relatively high for older patients, at 7.3 mg diazepam equivalent
per day, which is nearly 50 percent higher than the geriatric dosage in the
OBRA guidelines (Gurvich and Cunningham, 2000).

Kane and colleagues (1993) cited data from a large California pharmacy
consulting company to introduce the concern that compensatory prescribing
of benzodiazepines might replace antipsychotic use. The baseline routine
prescribing rate prior to the OBRA antipsychotic guidelines increased from
5.25 to 7.6 percent in November 1991. Similar results were found in a study
of one VA nursing home where prescription of benzodiazepines increased
from 42 to 48 percent of residents coincident with the time of implementa-
tion of the OBRA antipsychotic guidelines (Slater and Glaser, 1995). Con-
versely, no change in benzodiazepine use was associated with the implemen-
tation of the OBRA antipsychotic guidelines in a follow-up study of 1,650

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

422 APPENDIX  D

residents in 16 nursing facilities in Wisconsin published before the implemen-
tation of the anti-anxiety guidelines (Svarstad and Mount, 2001a) and in a
study of 372 nursing homes in Minnesota (Garrard et al., 1995).

In a 6-year retrospective study in one private, nonprofit nursing home
in Georgia conducted in 1994, the rate of anti-anxiety drug use of 22
percent immediately before the implementation of the psychotropic drug
regulations (up from 15.5 percent in 1988) decreased significantly to 8.9
percent in 1994, 2 years after the implementation of the anti-anxiety drug
regulations (Taylor et al., 2003). A 10-year follow-up study comparing
1984 and 1994 rates of prescription indicated that OBRA implementation
coincided with a declined in the prescription of anxiolytic and sedative/
hypnotic medications from 12.1 to 6.4 percent (p <0.01) (Lantz et al.,
1996). Comparison of the rates of prescription of benzodiazepines during
1986–1989 and those in 1993–1994 using a stratified random sample of 16
skilled nursing facilities in Wisconsin showed an increase from 18.1 to 22.8
percent, which was not statistically significant (Svarstad et al., 2001).

A comparison conducted of chronic benzodiazepine use by Medicaid
residents in nursing homes before 1990 and during 1993–1994 to assess the
impact of the OBRA guidelines documented a decline of only 3.9 percent,
which was not statistically significant (Svarstad and Mount, 2001a). Only
the ratio of licensed nurses to residents was associated with improvement in
medication appropriateness. Using publications and national datasets, Kid-
der (1999) determined that following OBRA, national rates of anti-anxiety
drug use increased slightly from 10.62 percent (or 13.1 percent if nonrepre-
sentative data were excluded) to 14.29 percent, and hypnotic medication
use decreased from 10.62 to 6.83 percent.

Use of Antidepressants

While the use of antipsychotic medication has decreased, the use of
antidepressants has increased since the implementation of OBRA (Lantz et
al., 1996; Svarstad et al., 2001; Taylor et al., 2003). This may be attributed
to increased education about undertreatment of depression, availability of
safer medications, and responsiveness of depression in older adults. Lapane
and Hughes (2004) found that depression was more likely to be addressed
in larger nursing facilities or facilities staffed with a full-time physician,
whereas increased antipsychotic drug use was found in facilities that were
government-owned, had more licensed nurses, and had more residents reli-
ant on Medicaid funding. Kidder (1999) also noted that antidepressant use
had increased from 12.64 to 24.9 percent during the implementation of
OBRA, although he observed that the increase began pre-OBRA as safer
agents emerged and probably was not due to substitution for drugs covered
by the OBRA regulations.

http://www.nap.edu/11623


Preventing Medication Errors

Copyright National Academy of Sciences. All rights reserved.

APPENDIX  D 423

Compliance with Regulations

Llorente and colleagues (1998) examined compliance with the OBRA
regulations on psychotropic drugs. They found that none of the eight nurs-
ing homes examined were in full compliance with the regulations pertaining
to these medications. Only three guidelines had compliance means greater
than 70 percent: appropriate diagnosis, drug dosage within limits, and doc-
umentation for target symptoms of the psychotropic drug. Documented
behavioral intervention had the lowest compliance of 44.5 percent (Llorente
et al., 1998). The Office of Inspector General (OIG) found that 85 percent
of psychotropic drug use in nursing homes was appropriate. Inappropriate
psychotropic drug use was attributed to drug dose too high, drug not
justified, lack of documented benefit of drug, wrong type of drug, or dupli-
cated drug (OIG, 2001).

Education and Academic Detailing

Five studies of educational approaches, including academic detailing,
were reviewed. One of the studies involved education of nursing staff only,
two involved education of physicians only, and two involved education of
both. Education of physicians generally included some form of academic
detailing involving individual or small-group face-to-face drug therapy edu-
cation, often in the physician’s office.

Education of Nursing Staff

In a single-group pretest–posttest design, 30 licensed nurses (registered
and licensed practical nurses) in five nursing homes in North Carolina re-
ceived a packet of educational materials describing appropriate drug admin-
istration techniques, prepared by the consultant pharmacist (Ruffin and
Hodge, 1995). The outcome studied was medication administration errors as
determined by observation and the clinical significance of errors as deter-
mined by guidelines published by the American Society of Consultant Phar-
macists. The mean error rate decreased from 10.56 to 2.87 (p = 0.0026) for
all routes. Significant differences were noted for the ophthalmic and oral
routes, but not for metered dose inhalers or transdermal routes. In addition
to the overall weaknesses of the single-group design, the lack of description of
the intervention or measurement of the “dose” of the intervention is a major
limitation of this study, since it is unknown how many of the nurses read the
educational materials. No information was provided about the types of er-
rors, although it appears that most were wrong-technique errors, which would
be quite different from the findings of other observational studies.
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Academic Detailing of Physicians

In an important randomized controlled trial, 435 physicians (Avorn
and Soumerai, 1983; Soumerai and Avorn, 1987) who were Medicaid pre-
scribers (including 208 who practiced in nursing homes) were assigned to
one of three groups: control (no education, n = 165), print-only interven-
tion group (received mailings of four-color brochures; n = 132), and face-
to-face intervention group (offered two visits from clinical pharmacists
trained in academic detailing, plus mailings; n = 141). Education focused on
three drug targets: propoxyphene, vasodilators, and cephalexin. Prescribing
outcomes consisted of the average number of prescriptions of the targeted
drugs over a 9-month period before and after the intervention, extracted
from Medicaid prescribing data. In this classic study, physicians who re-
ceived the face-to-face intervention and mailings showed reduced prescrib-
ing of target drugs by 14 percent compared with controls (p <0.0001), and
participation in the second visit was the best predictor of improvement. The
extent of nursing home practice was not related to reduction of prescribing.

Another quasi-experimental study using a single-group time-series de-
sign in one large academic long-term care facility included serial interven-
tions to reduce inappropriate use of H2-receptor blockers (Gurwitz et al.,
1992). Group discussions with all members of the medical staff emphasiz-
ing unsubstantiated indications of H2-receptor blockers and printed educa-
tional materials constituted the first intervention. When the frequency of
prescriptions reached a predetermined threshold, a booster intervention of
additional small-group discussion and a list of patients under the physician’s
care receiving the drugs was provided. The outcome measures were preva-
lence of H2-receptor blocker therapy, estimated cost savings, and estimated
resource costs. There was a sudden reduction (maximal 59.1 percent) in
prescriptions for H2-receptor blockers after the first intervention, which
persisted for 11 months, and a return to baseline in 19 months. More
modest reductions (32.1 percent) occurred with the second intervention,
with substantial cost savings from the overall program.

Education of Nurses and Physician Staff

In an intervention aimed at reducing the use of psychotropic medica-
tions in nursing homes, six matched pairs of nursing homes were randomly
assigned to an educational program in geriatric psychopharmacology for
physicians, nurses, and aids or to a no-treatment control group. Experimen-
tal homes had significantly better scores on an index of inappropriateness
of psychoactive prescribing (–27 versus –6 percent), as well as greater dis-
continuation of antipsychotics (32 versus 14 percent), benzodiazepines
(20 versus 9 percent), and antihistamine hypnotics (45 versus 21 percent).
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Residents in experimental homes showed less deterioration in cognitive
functioning.

Jones and colleagues (Jones et al., 2004, 2005; Hutt et al., 2006) con-
ducted a quasi-experimental study of six matched pairs of nursing homes
(N = 12) randomly assigned to receive a multifaceted intervention or con-
trol condition. The intervention focused primarily on the nursing home
staff, with educational and behavioral components. The physicians were
provided an academic detailing intervention in small groups. Control facili-
ties received only a pain resource binder. The outcome measures were based
on knowledge testing of nursing staff and quarterly interviews of a 20
percent sample of the residents regarding pain symptoms, with oversampling
of Hispanic residents, supplemented by chart review of medication use and
collection of MDS data. There were improvements in staff knowledge in
some intervention homes, but attitudes were not changed. A measure of
appropriateness of prescribing of pain medication improved among resi-
dents not in pain (indicating improved prescribing) and in homes where
nursing staff’s knowledge improved. Instability in staff and leadership im-
pacted the consistent delivery of the intervention in some intervention
homes. Resistance of residents to requesting or taking medication was a
significant barrier to improving pain outcomes.

Profiling and Feedback

While profiling and feedback have been used as a component of multi-
factorial educational interventions (Gurwitz et al., 1992; Jones et al., 2004,
2005; Hutt et al., 2006), use of triplicate prescription programs is an inter-
vention that relies primarily on profiling prescribing patterns and monitor-
ing physician prescribing. One copy of the prescription is forwarded to a
regulatory agency for monitoring purposes, while one copy goes to the
pharmacist, and one is retained by the prescriber. This intervention origi-
nated in New York to reduce the abuse and misuse of Schedule II drugs
(medically useful drugs with a high abuse potential) in the state.

Zullich and colleagues (1993) reported that the number of benzodiaz-
epine prescriptions written under the triplicate prescribing policy decreased
from 80 to 53 percent, depending on the population, but there was concern
that benzodiazepines were being replaced by other psychoactive agents in
long-term care settings. This descriptive study of residents in 10 nursing
homes in western New York who discontinued use of benzodiazepines
included chart review and incident report analysis. The decrease in benzodi-
azepine use was accompanied by a steady increase in the number of orders
for alternative agents, including chloral hydrate, diphenhydramine, and
phenobarbital. There was no change in the number of adverse events, al-
though statistical power may have been insufficient to detect such changes.
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In addition, it is unclear how the relative use of the different classes of
medications was quantified.

Another study using the Systematic Assessment of Geriatric drug use
via Epidemiology (SAGE) database compared benzodiazepine prescribing
in 1994–1995 in New York under a triplicate prescription policy with
prescribing in states without a similar policy (VanHaaren et al., 2001).
Residents of New York facilities were less likely to be receiving benzodiaz-
epines (4.9 versus 13 percent; odds ratio = 0.42). This study found no
increases in substitute drugs.

Castle (2003) compared the use of restraints and psychotropic drugs in
a sample of 120 nursing homes that received mailed reports providing
feedback on six quality indicators and in 1,171 facilities that did not receive
the reports. Use of physical restraints and psychotropic medications was
lower in facilities that received the feedback.

Medication Therapy Management

In a randomized cluster trial, the impact of a clinical pharmacy pro-
gram involving development of professional relationships, nurse education,
and individualized drug review by clinical pharmacists was tested in a
sample of 905 residents in 13 intervention nursing homes and 2,325 resi-
dents in 39 control homes in Australia (Roberts et al., 2001). Use of several
drug groups (nonsteroidal anti-inflammatory drugs [NSAIDs], laxatives,
H2-receptor blockers, and antacids) was decreased. Overall, drug use was
decreased by 14.6 percent relative to controls. Lack of significance in resi-
dent outcomes was attributed to inadequate power. No rationale was given
for the mechanism(s) whereby the intervention was expected to improve the
outcomes, nor was the relationship aspect of the intervention adequately
described.

Another Australian study (Crotty et al., 2004) was a randomized con-
trolled trial of a multidisciplinary case conference intervention on medica-
tion appropriateness and resident behavior, compared with external and
internal control groups. The intervention consisted of two case conferences
including the geriatrician, the pharmacist, residential care staff, and a repre-
sentative of the Alzheimer’s Association to discuss nonpharmacologic man-
agement. The medication appropriateness index for benzodiazepines im-
proved during the study in the intervention versus the external control
group, while resident behavior was unchanged. Improved medication ap-
propriateness did not extend to the control group of residents in the same
facility. The investigators attributed their success compared with a previous
unsuccessful trial to direct participation of the physician and selection of
the residents by the staff based on behavior problems.
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Use of Technology

Four studies describe or evaluate technology interventions in the nurs-
ing home setting. Although some are represented as research, the articles
are largely experiential and anecdotal. One covers the key issues involved in
implementation of CPOE in a Canadian nursing home (Rochon et al.,
2005). In a review of bar coded medication administration in a Veterans
Administration (VA) facility, 1 recommendation is unique to nursing homes
out of 15 relevant to all settings: development of a reliable method to
ensure periodic replacement of wristbands was advised to retain scanability,
since nursing home patients have extended stays (Patterson et al., 2004). A
survey of nurses’ perceptions in a Canadian nursing home found strong
resistance to the use of an automated dispensing system (Novek et al.,
2000). The fourth study describes the use of Geriatric Risk Assessment
MedGuide (GRAM) software, which employs MDS data to help detect
ADEs (Feinberg et al., 2004).

PREVENTION STRATEGIES FOR COMMUNITY CARE

Interfaces Between Care Settings

Strategies tested for reducing medication errors at the interfaces be-
tween care settings include medication education programs and a medica-
tion reconciliation process.

Medication Self-Care Education

Two studies that included strategies such as a self-administered medica-
tion program or a medication discharge planning program showed signifi-
cantly improved medication knowledge among patients, reduced medica-
tion errors, and lowered hospital readmission rates. A Canadian study
compared the effectiveness of a medication education program in the hospi-
tal followed by self-administered medications at home (n = 178) versus
nurse-administered medications at home (n = 172) (Jensen, 2003). The self-
administered medication group had significantly fewer medication errors
and medication-related problems compared with the nurse-administered
medication group. There was no statistically significant difference between
the groups in medication adherence. In another study employing a medica-
tion self-care educational program as an intervention, there was a statisti-
cally significant difference in the hospital readmission rate within 31 days
after discharge between the intervention group (7.7 percent) and the con-
trol group (28.6 percent) (p = 0.05) (Schneider et al., 1993).
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Medication Reconciliation

The Institute for Safe Medication Practices suggests the following steps
for implementing medication reconciliation, a 2006 JCAHO national pa-
tient safety goal (ISMP, 2005a; JCAHO, 2005c), at the interface between
care settings: obtain the most accurate list of medications possible, plus
information such as the dose, frequency, indication, and time of last dose
for each medication; prescribe needed medications, taking into consider-
ation the patient’s current medications; reconcile medications and resolve
discrepancies; reconcile medications again upon each transfer and at dis-
charge; fully resolve any medication discrepancy; share the list with all
health care providers; give the list to patients; and encourage patients to
share the list with their providers and pharmacists.

In a study in an adult surgical ICU, a medication reconciliation process
was instituted. Medical and anesthesia records were reviewed, allergies and
home medications were verified with patient/family, and the findings were
compared with orders at the time of discharge from the ICU. In a sample of
33 patients, 31 (94 percent) had their discharge orders changed (Pronovost
et al., 2003).

The Ambulatory Clinic Setting

Strategies proposed to reduce medication prescribing errors in the
ambulatory clinic setting are varied and include prescription writing aids,
electronic prescribing with standardized variable fields that prohibit the use
of unsafe abbreviations for medication instructions, medication-related
computer signals, clinical practice guidelines, in-service education for phy-
sician trainees, a physician–pharmacist collaborative medication therapy
management service, patient-specific medication-management reports, and
voluntary medication error reporting programs. Only a few of these strate-
gies have been evaluated.

Prescription Writing Aids

An educational program for 12 family practice residents that involved
evaluation of and feedback on prescription writing by a clinical pharma-
cist over a 2-year period helped reduce medication prescribing error rates
from 14.4 to 6 percent during the last 6 months of the intervention
(p = 0.0002) (Shaughnessy and D’Amico, 1994).

Eleven providers in an adult internal medicine clinic participated in a
trial of a modified paper prescription form. This form contained prompts
for medication name, form, strength, dose, route, frequency, refills, quan-
tity, indication, and additional directions. Use of the modified form reduced
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clinically important prescribing problems (p = 0.007) and decreased omis-
sion errors (p = 0.01) (Kennedy and Littenberg, 2004b).

An intervention in an outpatient clinic included a quality improvement
review of prescriptions, the use of a self-inking name stamp, and an educa-
tional program that gave examples of poorly written prescriptions and
emphasized legal requirements. A follow-up survey showed that 72 percent
of local community pharmacies saw the stamps being used. When stamps
were not used, illegible signatures continued to be a problem (Meyer, 2000).

Proposed strategies for reducing medication administration errors in
the ambulatory clinic setting include failure modes and effects analysis,
access to patient records for all health care professionals, use of appropriate
abbreviations and formulations, standardized protocols, clearly labeled stor-
age bins for medications, and educational training for staff and health care
professionals.

Medication Administration

There are two sets of guidelines for medication administration in the
ambulatory clinic—for vaccine administration and chemotherapeutic agent
administration—but no studies evaluating these guidelines.

U.S. Pharmacopoeia (USP) has proposed the following guidelines for
vaccine administration: (1) conduct a failure modes and effects analysis on
the names, packaging, and labeling of the available vaccines in each facility;
(2) review appropriate vaccine abbreviations and formulations; (3) estab-
lish clear protocols on the prescribing, documenting, dispensing, and ad-
ministering of vaccinations; (4) use an adequate number of clearly labeled
storage bins in the refrigerator; and (5) incorporate training sessions re-
garding the facility’s vaccine protocols into physician, pharmacy, and nurs-
ing staff meetings (USP, 2003).

The American Society of Health-System Pharmacists has produced
guidelines on how to improve the antineoplastic medication-use system and
error prevention programs for all care settings (ASHP, 2002). The Ameri-
can Society of Clinical Oncology has developed some specific guidance for
outpatient chemotherapy (ASCO, 2003).

Medication Therapy Management

Pharmacist–physician collaborative medication therapy management
services, which involve collaborative practice between physicians and phar-
macists, have improved medication safety and achieved therapeutic goals.
For example, during the period January 1999 through March 2002, the
medication therapy management services in the Fairview Clinics System of
Minneapolis–St. Paul resolved 5,780 drug therapy problems for 2,524 pa-
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tients. During this period, the rate of therapeutic goals achieved increased
from 74 percent at the time of patients’ initial pharmaceutical care encoun-
ters to 89 percent at patients’ latest encounters (Isetts et al., 2003).

Another collaborative model involving primary care physicians and
clinical pharmacists was tested in a group of 197 hypertensive patients
(Borenstein et al., 2003). Patients were randomized to an intervention group
(physician–pharmacist comanagement) and a control group (physician-only
care). Better blood pressure control was achieved in the comanagement
group (60 percent) than in the control group (43 percent) (p = 0.02).
Furthermore, the investigators found that the average provider visit costs/
patient were higher in the usual-care group ($195) than in the coman-
agement group ($160) (p = 0.02).

In a population-based cohort study between 1996 and 1997, 19,368
physicians were made aware of 24,266 (56 percent) medication alerts via a
computerized drug utilization database linked to a telepharmacy interven-
tion that triggered phone calls to physicians by pharmacists. The result was
the change of 2,860 (24 percent) medications to a more appropriate thera-
peutic agent (Monane et al., 1998).

Successful collaborations between pharmacists and physicians can also
be achieved with bidirectional communication, collaborative care of mu-
tual patients, identification of a “win–win” opportunity, attention to physi-
cian convenience, and balanced dependence between the pharmacist and
the physician (Brock and Doucette, 2004).

Medication Monitoring

Retrospective drug utilization reviews have been promoted as a useful
tool for detecting and reducing medication errors (Lyles et al., 1998).
However, a recent longitudinal ecologic and cohort study of six Medicaid
programs that used the same review software in the mid-1990s did not
find a reduction in the rate of exceptions to established medication-use
criteria or any reduction in the incidence of hospitalization (Hennessy et
al., 2003).

In a 5-month prospective observational study carried out in 2001, 215
drug reviews were conducted with 63 patients being treated at an outpa-
tient hemodialysis center. The reviews found 113 drug discrepancies. Elec-
tronic drug records were discrepant by one drug record for 60 percent of
patients, two drug records for 26 percent of patients, and more than two
drug records for 14 percent of patients. Fifty percent of the 113 drug
discrepancies put patients at risk for ADEs (Manley et al., 2003).
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The Community Pharmacy Setting

Strategies that have been proposed for reducing dispensing errors in the
community pharmacy setting include the following:

• A quality working environment (Buchanan et al., 1991; Flynn et al.,
1996, 1999)

• Checking of work by another person (Davis, 1990)
• Quality assurance tools at the point of care, such as bar coding

equipment (Davis, 1990) and computer tools to screen for drug interactions
(Murphy et al., 2004; Malone et al., 2004)

• Access to patient profiles (Davis, 1990)
• Pharmacist training (Davis, 1990)
• Pharmaceutical case management service (Vivian, 2002; Cranor et

al., 2003; Curtiss et al., 2004; Chrischilles et al., 2004)
• Patient counseling (Davis, 1990; Rupp et al., 1992; Rupp, 1992;

Kuyper, 1993; Grissinger et al., 2003; Becker et al., 2004)
• A quality assurance program and error reporting system (Davis,

1990; Kennedy and Littenberg, 2004a)
• Assessment of the quality of medication safety of community/

ambulatory pharmacies—a tool designed by the Institute for Safe Medica-
tion Practices and cosponsored by the American Pharmaceutical Associa-
tion Foundation and the National Association of Chain Drug Stores (ISMP,
2001)

Some of these strategies have been evaluated empirically.

A Quality Working Environment

Good illumination and limited interruptions help reduce error rates.
The relationship between the level of illumination and the prescription-
dispensing error rate was investigated in a high-volume U.S. Army outpa-
tient pharmacy. The final sample consisted of 10,888 prescriptions dis-
pensed by five pharmacists. An illumination level of 146 foot-candles was
associated with a significantly lower error rate (2.6 percent) than the level
of 45 foot-candles (3.8 percent) (Buchanan et al., 1991).

In a study to identify the impact of interruptions and distractions on
dispensing error rates, 5,072 prescriptions were analyzed and 164 errors
detected, for an overall error rate of 3.23 percent. During the study, a total
of 2,022 interruptions (2.99 per half-hour per subject) and 2,457 distrac-
tions (3.80 per half-hour per subject) were detected. The error rate for sets
of prescriptions with one or more interruptions was 6.65 percent and for
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sets during which one or more distractions occurred was 6.55 percent
(Flynn et al., 1999).

The associations between ambient sounds and the accuracy of pharma-
cists’ prescription-filling performance in a pharmacy have been studied.
The results suggest that the quality of pharmacists’ performance may not be
adversely affected by ambient sound: as sound levels increased, the error
rate increased to a point, then decreased. Unpredictable sounds, control-
lable sounds, and noise had a significant effect on pharmacists’ perfor-
mance, resulting (somewhat surprisingly) in a decreased dispensing error
rate (Flynn et al., 1996).

Pharmaceutical Case Management Service

The Iowa Medicaid pharmaceutical case management (PCM) pro-
gram evaluated the effect of PCM on medication safety and health care
utilization (Chrischilles et al., 2004). The participants were 2,211 noninsti-
tutionalized Medicaid patients taking four or more chronic medications.
Of these, 524 received PCM services and 1,687 did not. In the PCM
group, at least one medication problem occurred with nearly one-half
(46.1 percent) of medications and 92.1 percent of patients before the
PCM program started. By the end of the program, mean medication ap-
propriateness index scores had improved significantly compared with the
starting position among PCM recipients (p <0.001). For those aged 65
and older, the percentage of PCM recipients (n = 175) using high-risk
medications decreased significantly (p = 0.032) compared with those who
did not receive the service (n = 366). No difference in health care utiliza-
tion or charges was observed between PCM recipients and PCM eligibles
who did not receive PCM services, even after reimbursements for those
services were included.

The use of medication therapy management has provided benefits on
several levels for two large self-insured employers in North Carolina. These
employers compensated pharmacists on a fee-for-service basis for providing
advisory services to employees with diabetes mellitus (the Asheville Project).
As a result, hemoglobin A1c levels were better controlled, and employer
total mean medical costs decreased by $1,622 per patient to $3,356 per
patient per year (Cranor et al., 2003). Both employers have permanently
added the benefit to their health plans.

Another study examining the impact of pharmacy care services for pa-
tients with diabetes also produced good results (Garrett and Bluml, 2005).
Eighty community pharmacists in five states were reimbursed for pharmacy
care services, including scheduled consultations with patients, clinical goal
setting, and referrals to diabetes educators. Over the initial year of the pro-
gram, the group of 256 patients participating in the study showed significant
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improvements in clinical indicators and higher rates of self-management.
Mean total health costs (including the medication therapy costs) were $918
per patient per year less than employers’ expected total costs.

A group of 56 patients in a hypertension clinic at the VA medical center
in Philadelphia, Pennsylvania, participated in a trial to see whether the
intervention of clinical pharmacists improved blood pressure control.
Twenty-one patients out of 27 (81 percent) in the intervention group
(monthly meetings with a clinical pharmacist) and 8 patients out of 29 (28
percent) in the control group (standard care from physicians) attained their
blood pressure goal (p <0.0001) (Vivian, 2002).

Patient Counseling

Outpatient prescription errors at an Indian Health Service pharmacy
were reviewed. Mistakes detected after pharmacists had signed off on pre-
scription accuracy were recorded. The review of errors showed that of 323
reported mistakes, 286 (89 percent) had been detected during patient coun-
seling and subsequently corrected (Kuyper, 1993).

The Home Care Setting

Strategies proposed to reduce medication errors in the home care set-
ting have included an intervention in which a nurse, a clinical pharmacist,
and physicians collaborated in monitoring the medications of the studied
patients (Ahrens et al., 2002; Ahrens, 2003); home visits by pharmacy staff
(No Author, 2000); and the implementation of a medication management
model (Meredith et al., 2002).

A randomized controlled trial was used to test the efficacy of a
medication-use improvement program developed specifically for home
health agencies for patients aged 65 and over (Meredith et al., 2002). The
intervention group (n = 130) received the usual care (the patients’ home
care nurses) supported by a clinical pharmacist, while the control group
(n = 129) received the usual care. Medication use improved for 50 percent
of intervention patients and 38 percent of control patients, an attributable
improvement of 12 patients per 100 (p = 0.051). The intervention effect
was greatest for therapeutic duplication, with improvement for 71 per-
cent of intervention patients and 24 percent of control patients, an attrib-
utable improvement of 47 patients per 100 (p = 0.003).

The Self-Care Setting

Strategies to reduce medication errors in this setting include educational
programs and multisystem interventions (e.g., telecommunications plus edu-
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cational programs). Some educational programs have been successful in in-
creasing medication knowledge and self-efficacy among patients. In a self-
management program, asthmatic patients who were taught the appropriate
use of inhalers were able to demonstrate the devices’ correct use when tested
(van der Loos, 1989). In another program, patients who were taking
nonaspirin NSAIDs improved the recall of their medication use after being
shown lists and pictures of their medications (Kimmel et al., 2003). A tele-
phone system for monitoring and counseling patients with hypertension
helped improve medication adherence for 18 percent of the 133 patients who
used the system and for 12 percent of the 134 patients in the control group
(p = 0.03), and decreased diastolic blood pressure (5.2 mm Hg in telephone
users versus 0.8 mm Hg in controls, p = 0.02) (Friedman et al., 1996).

A systematic review of published randomized controlled trials on inter-
ventions to improve patients’ adherence to prescribed medications
(McDonald et al., 2002) found that 49 percent of the interventions tested
(19 of 39 interventions in 33 studies) were associated with increases in
adherence, while 17 were associated with reported improvement in out-
comes. Two studies found that dosing once a day led to higher adherence
than dosing twice a day, but not better clinical outcomes (Baird et al., 1984;
Girvin et al., 1999). A third study found that dosing twice a day resulted in
higher adherence than dosing four times a day and better clinical outcomes
as well (Brown et al., 1997). In general, however, the investigators
(McDonald et al., 2002) found that the most effective interventions for
long-term care were complex; these interventions included more convenient
care, information, counseling, reminders, self-monitoring, reinforcement,
family therapy, and other forms of supervision. However, the investigators
concluded that even the most effective interventions had modest effects.

The School Setting

The website of the Center for Health and Health Care in Schools
provides information on state policies regarding the administration of medi-
cations in schools (Health in Schools, 2004). The center has also identified
a set of issues that a school medication management policy might include,
for example, the responsibility for medication use the school is willing to
assume, the responsibilities required of the patient and parents, the rules for
self-medication, and feedback mechanisms so that parents can learn about
a medication’s effect (Robinson, 2004). The American Academy of Pediat-
rics (Committee on School Health, 2003) has also developed a set of guide-
lines for the administration of medications in schools. Of more practical
help, the Florida Society of Health-Systems Pharmacists has developed a
resource manual for medication use in schools (Johnson et al., 2003). The
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committee is not aware of any study evaluating the procedures included in
these documents.

PREVENTION STRATEGIES FOR PEDIATRIC CARE

The committee reviewed published error reduction strategies of 10
organizations: the Pediatric Pharmacy Advocacy Group (Levine, 2001),
American Academy of Pediatrics/National Initiative for Children’s Health-
care Quality (NICHQ, 2005), Institute for Safe Medication Practices (ISMP,
2005b), American Hospital Association (AHA, 2005), National Quality
Forum (NQF, 2003), Massachusetts Hospital Association/Massachusetts
Coalition for the Prevention of Medical Errors (MCPME, 1999), National
Coordinating Council for Medication Errors Reporting and Prevention
(NCCMERP, 2005b), AHRQ (Shojania et al., 2001), JCAHO (JCAHO,
2005a), and Institute of Medicine (IOM, 2000).

The committee identified a total of 26 unique recommendations from
these organizations for strategies to reduce medication errors in pediatric
care (see Table D-2). These recommendations included equipment/software
tools, representation of personnel on groups making decisions on pediatric
medications, training and competency of personnel, policies, clear labeling,
continuous quality improvement efforts, clear and accurate documentation,
standardization, patient education, and teamwork improvement. As Table
D-2 indicates, none of these recommendations is based on published evi-
dence of effectiveness in children. The vast majority are based on expert
opinion (n = 22), with the remainder being based on studies in adult popu-
lations (n = 4). No recommendations have supporting pediatric-specific
evidence on efficacy, cost-effectiveness, feasibility, appropriateness in dif-
ferent settings, and institutional barriers or risks.

PREVENTION STRATEGIES FOR PSYCHIATRIC CARE

Within psychiatry, no studies have been carried out to evaluate the
efficacy of any error prevention strategies. Examples of strategies likely to
be relevant to inpatient psychiatry include short-term approaches (for ex-
ample, medication ordering protocols, unit-dose distribution systems, and
patient education) and computerized interventions (for example, CPOE
and automated dispensing devices).

PREVENTION STRATEGIES FOR THE USE OF OTC AND
COMPLEMENTARY AND ALTERNATIVE MEDICATIONS

The use of OTC and complementary and alternative medications is
largely beyond the health care worker’s domain, although many of these
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TABLE D-2 Recommendations for the Prevention of Medication Errors
in Pediatric Care

Evidence Source of
Specific to Supporting

Recommended Practice Recommending Body Children Evidence

Computerized provider PPAG, ISMP, AHA, None Adult data/
order entry AHRQ, IOM, NQF, expert opinion

MHA, NCCMERP,
AAP/NICHQ

Automated medication- PPAG, ISMP, AHA, None Adult data/
dispensing devices AHRQ expert opinion

Pediatric presence with PPAG, ISMP, AHA, None Expert opinion
formulary management AAP/NICHQ

Appropriate and competent PPAG, ISMP, AHA, None Expert opinion
pharmacy personnel and NQF, NCCMERP,
environment AAP/NICHQ

Pharmacist available on call PPAG, ISMP, AHA, None Expert opinion
when pharmacy is closed MHA

Policies on verbal orders PPAG, ISMP, AHA, None Expert opinion
NQF, NCCMERP,
AAP/NICHQ, JCAHO

Clear and accurate labeling PPAG, ISMP, AHA, None Expert opinion
of medications NQF, NCCMERP

Quality improvement efforts PPAG, ISMP, AHA, None Expert opinion
with drug-use evaluation and MHA, NCCMERP,
medication error reporting AAP/NICHQ
and review

Access of health care PPAG, ISMP, AHA, None Expert opinion
workers to current clinical IOM, MHA,
information and references NCCMERP,

AAP/NICHQ

Emergency medication PPAG, ISMP None Expert opinion
dosage calculation tools

Accurate documentation PPAG, ISMP, MHA, None Expert opinion
of medication administration NCCMERP

Medication standardization ISMP, AHA, IOM, None Expert opinion
and appropriate storage NCCMERP, JCAHO

Training of all health care PPAG, ISMP, IOM, None Expert opinion
providers in appropriate NQF, MHA,
medication prescribing, NCCMERP,
labeling, dispensing, moni- AAP/NICHQ,
toring, and administration JCAHO

Patient education on ISMP, AHA, IOM, None Expert opinion
medications MHA, NCCMERP,

AAP/NICHQ
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Direct participation of AHRQ, IOM, NQF None Expert opinion
pharmacists in clinical care

Computer detection/alert AHRQ None Adult studies
systems for adverse drug
events (ADEs)

Reduction of ADEs related AHRQ None Adult studies
to anticoagulants

Unit-dose drug distribution AHA, AHRQ, NQF, None Adult studies/
systems MHA expert opinion

Special procedures and AHA, IOM, NQF, None Expert opinion
written protocols for high- MHA, JCAHO
alert medications

Use of pharmaceutical AHA, IOM None Expert opinion
software

Pharmacy-based intravenous MHA None Expert opinion
(IV) admixture systems

Use of bar coding for MHA, NCCMERP None Expert opinion
medication administration

Standardized equipment AAP/NICHQ None Expert opinion
(e.g., pumps, weight scales)

Standardized measurement AAP/NICHQ None Expert opinion
systems (kilograms)

Standardized order sheets AAP/NICHQ None Expert opinion
including areas for weight
and allergies

Team environment for AAP/NICHQ None Expert opinion
review of orders among
nurses, pharmacists, prescribers

NOTE: AAP/NICHQ = American Academy of Pediatrics/National Initiative for Children’s
Healthcare Quality (Berlin et al., 1998; Lannon et al., 2001; Gorman et al., 2003; NICHQ,
2005); AHA = American Hospital Association (AHA, 2002, 2005); AHRQ = Agency for
Healthcare Research and Quality, report on Making Healthcare Safer (Shojania et al., 2001;
AHRQ, 2005); IOM = Institute of Medicine (IOM, 2000); ISMP = Institute for Safe Medica-
tion Practices (ISMP, 2005b); JCAHO = Joint Commission on Accreditation of Healthcare
Organizations (JCAHO, 2005a,b); MHA = Massachusetts Hospital Association/Massachu-
setts Coalition for the Prevention of Medical Errors (MCPME, 2005a,b); NCCMERP = Na-
tional Coordinating Council for Medication Error Reporting and Prevention (NCCMERP,
2005a,b); NQF = National Quality Forum (NQF, 2003, 2005); PPAG = Pediatric Pharmacy
Advocacy Group (Levine, 2001; ISMP, 2002, 2005b).

TABLE D-2 continued
Evidence Source of
Specific to Supporting

Recommended Practice Recommending Body Children Evidence
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medications are taken on the advice of physicians. It is up to consumers to
diagnose their problem properly, select the best medical product if it is
necessary, read and understand the instructions for its use, take it properly,
and know when it is time to terminate the treatment. Many OTC medica-
tion errors are due to misdosing or adverse drug–drug interactions. Patients
need to understand that OTCs are drugs and, like prescription medications,
have both therapeutic value and potential side effects.

A key approach for reducing OTC medication errors is the Food and
Drug Administration’s (FDA) labeling requirements, mentioned in Chapter 2,
which provide information on active ingredients, what the drug is for, dosing
levels, and warnings about use. The information requirements on the packag-
ing of complementary and alternative medications are more limited.

Patient self-education is the other major prevention strategy. Much
information to improve patient awareness of OTC and complementary and
alternative medications is currently available from the Internet, television,
books, magazines, and newspapers.

In addition, there are specialized packaging technologies designed to
decrease the chances of misuse, such as tamper-resistant and childproof
containers and blister packaging that numbers each pill to help the user
remember whether the product was taken. Pillboxes divided by time of day
and day of week are another low-technology solution.

Still another approach is for the pharmacist to ask those picking up
prescription drugs whether they are using any OTC or vitamin/mineral
products and to advise them of any issues involved. For example, people
taking blood thinners should be advised to speak to their doctor before
taking vitamin E.

The committee could find no study on the efficacy of any of the above
strategies for preventing medication errors in the use of OTC and comple-
mentary and alternative medications.
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