SECTION

5

Magnitude of the Problem

Anticoagulants

Anticoagulants are the mainstay of therapy for the acute and long-term prevention and treatment of
numerous types of thromboembolic disorders. The prevention of thromboembolic stroke among
patients with chronic atrial fibrillation (AF) is one of the primary indications for oral anticoagulation
therapy. The current U.S. prevalence estimate of AF is approximately 2.6 million persons, and it is
predicted to reach 12 million persons by the year 2050 [1]. In addition, anticoagulants are indicated in,
and are increasingly prescribed for the prevention and treatment of, venous thromboembolism (VTE),
including deep vein thrombosis (DVT) and pulmonary embolism (PE). It is estimated that more than
900,000 incident or recurrent, fatal and nonfatal VTE events occur in the United States annually [2].
Total annual direct medical costs and indirect costs (including lost earnings from premature mortality) of
VTE are estimated to be $13 to $27 billion (USD 2011) [3]. Vitamin K antagonists (e.g., warfarin),
unfractionated heparin (UFH, low-molecular-weight heparin [LMWH, e.g., enoxaparin and dalteparin]),
direct thrombin inhibitors (e.g., argatroban and dabigatran), and factor Xa inhibitors (e.g., apixaban,
fondaparinux, and rivaroxaban) are critical for the treatment and prevention of these disorders [4].
More than 30 million prescriptions for warfarin are written annually [5], more than two-thirds of
Medicare beneficiaries with AF use warfarin [6], and total direct expenditures on warfarin have been
estimated to be around $158 million per quarter (USD 2010) [7]. Prescriptions of new oral

anticoagulants (NOACs), such as dabigatran and rivaroxaban, are also increasing [7].

Bleeding is the primary ADE of concern associated with the use of anticoagulants [4, 5, 8, 9]. Thus,
anticoagulation requires a careful balance between thrombotic and hemorrhagic risks and is easily
influenced by a multitude of factors, such as patient age, co-morbidities, concomitant medications, and
for warfarin especially, diet and pharmacogenetics. Bleeding rates associated with anticoagulants vary
depending on the types of anticoagulant agents, dosing strategies, prophylactic versus therapeutic
indications, durations of therapy, and patient populations. For warfarin, bleeding frequency has been

estimated to be 15 percent to 20 percent per year, and life-threatening or fatal bleeding rates are
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estimated at 1 percent to 3 percent per year [10]. Bleeding frequency while on warfarin is
approximately five times that observed without warfarin therapy [11]. In recent clinical trials, NOACs
(e.g., dabigatran and rivaroxaban) were associated with statistically significant lower rates of intracranial
bleeding but higher rates of gastrointestinal bleeding relative to warfarin [12, 13, 14, 15]. Among
patients with AF, studies indicate that NOACs were associated with statistically significant reductions in
hemorrhagic strokes relative to warfarin [12, 13, 14, 15, 16]. In most studies to date of patients with
VTE or PE, NOACs were associated with statistically significant reductions in major or clinically relevant
bleeding, as compared with warfarin [17, 18, 19, 20, 21]. The bleeding risks associated with the use of
NOACs outside of clinical trials and in populations who are especially vulnerable to ADEs (e.g., elderly
patients and patients with renal impairment) require further postmarketing experience [22]. Data on
the economic impact of anticoagulant-related harms are scarce. Among older adults (age > 65 years), a
population shown to be especially vulnerable to ADEs, the annual cost of hospitalizations for warfarin-

related bleeding has been estimated to be hundreds of millions of dollars [9, 23].

Among hospitalized patients (i.e., inpatient settings), significant challenges to optimal anticoagulation
management persist despite advancements in health care delivery models and health information
technology (health IT) resources (e.g., computerized physician order entry, electronic medication
administration records, clinical decision support) [24, 25, 26, 27]. These challenges may result from
clinicians having to rely on a wide range of anticoagulants with differing pharmacodynamic and
pharmacokinetic profiles, the acuity and complexity of hospitalized patient populations, unique
inpatient dosing considerations (e.g., rapidly changing renal function and extremes of weight), dietary
inconsistency (e.g., changing or reduced dietary intake while hospitalized), the need for interruption of
anticoagulation in preparation for invasive procedures, and transitions between parenterally and orally
administered agents (e.g., in preparation for surgery or at time of hospital discharge). Care transitions
from one unit to another (e.g., intensive care to step-down unit) and at discharge from the hospital to
postacute or ambulatory care settings can also pose significant challenges to optimal anticoagulant

management [28, 29].

Among nonhospitalized patients (i.e., outpatient settings), requirements for frequent monitoring, dose
adjustments, and regular provider—patient contact can often render management of warfarin—the most
commonly utilized oral anticoagulant in the outpatient setting [30]—labor-intensive and complex [31,
32]. However, patient interaction with coordinated anticoagulation management services [29, 33] and

exposure to anticoagulant education [34] have been correlated with positive outcomes, as measured by
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reductions in emergency department visits and hospitalizations and associated health care costs for

thromboembolic and hemorrhagic events [35, 36, 37].

The introduction of NOACs to the market may attenuate some of the health care system burdens
associated with outpatient warfarin management. The cost-effectiveness and postmarketing safety of
these agents relative to warfarin is currently being evaluated [38, 39, 40]. Nevertheless, outpatient
coordinated anticoagulation management services will likely continue to be heavily relied on to manage
patient populations for whom NOACs are not prescribed. In addition, several of the critical elements of
warfarin patient education will continue to be relevant for the NOACs, including such elements as
patient recognition and understanding of signs and symptoms of thromboembolism/bleeding,
appropriate dosing/administration instructions, and potential for drug-drug and drug-herbal
interactions. Other important areas in which coordinated outpatient anticoagulation management may
play a role for the NOACs are discussed below under the subheading “Evidence-Based Prevention

Tools.”

Anticoagulants have been consistently identified as the most common causes of ADEs
across health care settings.

Inpatient Settings

In a nationally representative sample of inpatient stays, anticoagulants caused an estimated 10 percent
of drug-related adverse outcomes [41], and in a nationally representative sample of hospitalized
Medicare beneficiaries, anticoagulants comprised one-third of identified ADEs (12 of 40 events) [42].
Data from inpatient settings suggest that anticoagulant ADEs most commonly result from medication
errors, a large proportion are amenable to prevention, and they incur significant costs to the health care

system, largely because of increased nursing and pharmacy costs [25, 27, 43, 44].

Outpatient Settings

On the basis of national public health surveillance data, anticoagulants have been shown to be among
the most frequently implicated drug classes in ADEs that contribute to emergency department visits and
hospital admissions [9, 45, 46, 47, 48, 49, 50]. Among older adults, warfarin was implicated in an
estimated 17 percent of emergency department visits and 33 percent of emergent hospitalizations for
ADEs annually [9, 50]. An estimated two-thirds of all warfarin-related emergent hospitalizations were
because of unintentional overdose, as indicated by “warfarin overdose” in the clinician diagnosis, or

supratherapeutic effects, as indicated by such factors as prolonged international normalized ratio (INR)
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and/or hemorrhagic events [9]. Data for ADEs as causes of hospital readmissions are scarce; however,
the few studies that are available also have found anticoagulant-related harms to be among the most

common reasons for ADE-related readmissions [48, 51].

Long-Term Care (LTC) Settings

Data for anticoagulant-related harms in institutional LTC settings are more limited than for inpatient and
other outpatient settings but also suggest that anticoagulant ADEs are common causes of preventable
harms [52, 53]. As an example, it is estimated that there may be as many as 34,000 fatal, life-
threatening, or serious warfarin-related ADEs per year in nursing home settings—many of which may be
preventable [54]. In one cohort of nursing home residents, an estimated 29 percent of warfarin-related
ADEs and 57 percent of serious, life-threatening, or fatal warfarin-related ADEs were deemed to be
preventable [55]. In a retrospective cohort study within five VA nursing homes, even though INR-
monitoring frequency was judged to be adequate, INRs were in therapeutic range for only 55 percent of
the person-days, with a greater portion of person-time spent in the subtherapeutic (35 percent)
compared with supratherapeutic range (11 percent) [56]. A similar study in LTC facilities found that
residents spent only half of the time in therapeutic range, 36 percent of the time below the therapeutic

range, and 13 percent of the time above therapeutic range [57].

Anticoagulation therapy is underutilized in the patient populations for whom it is most
beneficial. Future public health initiatives will need to foster a comprehensive
approach that addresses both anticoagulant effectiveness and safety.

AF, the most common arrhythmia encountered in clinical practice [58], is associated with a fourfold to
fivefold increased risk of ischemic stroke. As an example of the importance of oral anticoagulation
therapy in this patient population, warfarin has been shown to reduce the relative risk of ischemic
stroke by approximately 64 percent and of death by approximately 25 percent [58]. The effectiveness of
oral anticoagulation therapy for the prevention or treatment of VTE varies with indication;
anticoagulation prophylaxis is associated with a 59 percent reduction in fatal pulmonary embolisms
(PEs) and a 53 percent reduction in symptomatic DVT among acutely ill, hospitalized medical patients
[59]. In medical patients at highest risk, anticoagulation reduces the risk of PE by approximately 40
percent to 60percent [60]. Warfarin reduces the risk of symptomatic VTE by approximately 80 percent

among patients undergoing hip or knee arthroplasty or hip fracture surgery [60].

However, despite this well-established role for anticoagulation in prevention and treatment of

thromboembolism, U.S. studies have consistently reported underuse of anticoagulants for these
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indications [61, 62]. Underuse of anticoagulation when indicated can contribute to higher health care
costs associated with strokes and VTE that otherwise would be prevented by effective anticoagulation
therapy [63, 64]. In two studies involving a large, commercially insured patient population, less than
one-half of high-risk stroke patients with AF received warfarin and more than three-quarters of high-risk
VTE patients were considered noncompliant with warfarin therapy [65, 66]. A study conducted in a
convenience sample of 21 community-based LTC facilities in a single State found that only 55 percent of

ideal candidates for warfarin therapy were receiving it [57].

The factors underlying underuse of anticoagulants have not been explored extensively, but may include
clinician and patient concerns regarding supratherapeutic INRs/bleeding risks [67] and lack of patient
understanding of the importance of and indications for anticoagulation [68, 69]. Patients residing in
rural or remote regions may especially be at increased risk of both undertreatment with anticoagulants
and anticoagulant ADEs because of challenges in access to health care providers and anticoagulation
management services. For example, studies have found that, despite having similar high-risk profiles,
elderly, rural patients with chronic AF receive warfarin less frequently than urban patients [61, 70].
Providers caring for rural-dwelling patients may be reluctant to prescribe warfarin because of difficulties
in followup and monitoring, which may contribute to underuse of anticoagulants in this population [61].
A better understanding of the extent of, and contributors to, undertreatment with anticoagulants is
needed for those residing in rural areas and other patient populations who may be especially vulnerable
to ADEs on the basis of race/ethnicity, socioeconomic status, educational attainment, low health

literacy, physical disability, and physical distance from providers.

The ADE Action Plan is intended to address harms associated with exposure to anticoagulants; it does
not address adverse events resulting from lack of treatment or undertreatment with anticoagulants (i.e.,
thromboembolic events, such as stroke or VTE). However, it is fully acknowledged that, in order to
optimize health system and provider efforts in the area of anticoagulation management, future public
health strategies will be needed to address both the effectiveness and safety of anticoagulation.
Addressing the effectiveness of anticoagulation management requires a far more detailed approach
than can be afforded by the ADE Action Plan alone. This includes considerations of effectiveness as it
varies across indications for anticoagulation therapy (e.g., prophylactic vs. treatment indications) and
consideration of the varying health system-, provider-, and patient-related factors that contribute to
anticoagulant undertreatment. Differences in the ways providers may approach prescribing various

anticoagulants (e.g., warfarin vs. NOACs) and a better understanding of the reasons underlying
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suboptimal adherence by patients (e.g., differences in patient concerns regarding risk of stroke vs.
perceived bleeding risks with anticoagulation) should also be considered. Surveillance resources that
measure and track thromboembolic outcomes (e.g., stroke) and underlying indications (e.g., AF) need to
be identified and explored for their strengths and limitations. Likewise, it will also be necessary to
review evidence-based prevention strategies that specifically target use of anticoagulants in patients for
whom they are most beneficial and that promote patient compliance/adherence. Although the ADE
Action Plan does not directly address considerations that are specific to underuse of anticoagulants, it is
hoped that aiming collective patient safety initiatives at better prevention of anticoagulant-related
harms will foster health system-, provider-, and patient-level changes that will facilitate more

confidence in anticoagulant therapy in the patient populations for whom it stands to be most beneficial.

Surveillance

Optimal use of anticoagulants requires accurate, timely, and adequately
representative information on the “real-world” risks of bleeding complications.
Clinical trials evaluating the safety profile of various anticoagulants often exclude populations at highest

risk of ADEs (e.g., older adults and patients with renal insufficiency). In addition, clinical trials are
insufficiently powered to detect ADEs, have limited ability to examine drug-drug or drug-disease
interactions that often contribute to ADEs in “real-world” settings, and include care processes that are
not part of routine clinical practice [71]. For these reasons, postmarketing surveillance, like that
currently conducted through various Federal systems, is crucial for estimating and characterizing the

burden of anticoagulant-related harms in clinical practice or “real-world” settings.

Some Federal surveillance systems are currently capable of assessing the national scope of
anticoagulant ADE burden. In addition, Federal Agencies involved in direct patient care (e.g., IHS, VHA)
have the capacity to capture regional- and facility-level information on the quality of anticoagulant
management. Table 3 provides a summary of anticoagulant ADE-related metrics currently collected by

Federal surveillance systems.
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Table 3. Summary of Metrics Related to Anticoagulant ADEs Collected by Federal Surveillance Systems

Geographic
Scope

Data
Collection
Methods

Anticoagulation Management
or ADE Metrics:
Inpatient Settings

Anticoagulation Management
or ADE Metrics:
Outpatient Settings

Facility-Level

= Any clinician-diagnosed or

National ADE Administrative | AHRQ (NIS)* FDA (Sentinel Initiative, Mini-Sentinel):***
Incidence claims and/or | = Inpatient stays with ICD-9- = ED visits, hospitalizations for bleeding
EHR data CM codes (964.2)* and E- events and ADE signals (e.g., Ml on
codes (E934.2)* dabigatran)
National ADE Medical AHRQ (MPSMS): ** CDC (NEISS-CADES):
Incidence record review |® Inpatient stays with = ED visits, emergent hospitalizations for
(+/-Rates) combination of laboratory laboratory abnormalities (e.g., elevated
triggers and signs/symptoms INR), bleeding events, medication errors,
in the medical record and other ADEs relevant to anticoagulants
associated with UFH, diagnosed by treating clinician and
LMWHs, or warfarin documented in medical record narrative
National-, Voluntary DOD (Patient Safety Reporting | DOD (Patient Safety Reporting System)
Regional-, and reporting System) = Any clinician-diagnosed or patient-reported

ADEs

bleeding events)

Spontaneous patient-reported ADEs FDA (FAERS):
Reports FDA (FAERS): = Any clinician-diagnosed or patient-reported
= Any clinician-diagnosed or ADEs
patient-reported ADEs VA (VA ADERS):
VA (VA ADERS): = Any clinician-diagnosed or patient-reported
= Any clinician-diagnosed or ADEs
patient-reported ADEs
Regional-, Administrative | VA: DOD (Pharmacovigilance Defense Application
Facility-Level claims and/or | = Anticoagulation process System):
ADE Incidence— | EHR data measures (e.g., out-of-range | = Outpatient clinic visits, ED visits,
Quality INR values, vitamin K orders, hospitalizations using relevant ICD-9-CM
Improvement transfusions), ADEs (e.g., codes and/or CPT codes

VA (VA Integrated Databases):

= Qutpatient clinic visits, ED visits,
hospitalizations using relevant ICD-9-CM
codes and/or CPT codes for bleeding
events, other relevant ADEs, and ADE
signals (e.g., Ml on dabigatran)

BOP, IHS, VA:

= Anticoagulation process measures (e.g.,
TTR, out-of-range INR values, vitamin K
orders, INR monitoring frequency)

*|CD-9-CM 964.2 refers to “Poisoning by anticoagulants” and E934.2 refers to “External Causes of Injury and Poisoning,

Anticoagulants.”

**|n 2015, the Medicare Patient Safety Monitoring System (MPSMS) will be replaced by the Quality and Safety Review System
(QSRS). QSRS will aim to facilitate measurement of ADEs associated with additional types of anticoagulants.
***Currently, FDA Sentinel Initiative covers over 125 million lives; however, these do not constitute a nationally representative

sample.

Abbreviations: ADE = adverse drug event; CPT = Current Procedural Terminology; E-code= external cause of injury code; ED =
emergency department; EHR = electronic health record; ICD-9-CM = International Classification of Diseases, Ninth Revision,
Clinical Modification; INR = international normalized ratio; LMWH = low-molecular-weight heparin; MI = myocardial infarction;
NIS = nationwide inpatient sample; TTR = time in therapeutic range; UFH = unfractionated heparin
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Future Federal strategies will have to address challenges in capturing anticoagulant
ADEs on the basis of surveillance data.
Although current Federal surveillance systems are capable of capturing an array of important outcomes

reflective of anticoagulant ADEs, as well as process measures related to anticoagulant management,
several challenges related to optimal surveillance of anticoagulant-related harms remain. Specifically,
future Federal surveillance strategies will have to address challenges in capturing anticoagulant ADEs on
the basis of validated diagnostic codes, using consistent definitions of bleeding, collecting data on ADEs
occurring in settings that have otherwise been poorly studied (e.g., care transitions, nursing homes,
home care), and monitoring ADEs associated with NOACs (for which well-established process measures
are currently lacking). Opportunities to advance anticoagulant ADE surveillance strategies are

summarized in Figure 7.

Figure 7. Federal Interagency Workgroup Recommendations for Actions That Can Potentially Advance
Surveillance Strategies for Anticoagulant ADEs

Actions That Can Potentially Advance Surveillance
Strategies for Anticoagulant ADEs

e Address gaps in use of standard surveillance definitions for anticoagulant-related bleeding
events in postmarketing and/or epidemiologic analyses.
— Better distinguish between major and minor anticoagulant-related bleeding events.
— Minimize opportunities for bias or misclassification when characterizing bleeding events on
the basis of retrospective medical review.

o Assess the accuracy of diagnostic and procedural coding for capturing anticoagulant-related
bleeding events.
— Assess specificity, sensitivity, PPV, and NPV of ICD and CPT codes for capturing
anticoagulant-related bleeding events.

e Improve availability of and access to integrated EHR data with linked pharmacy (medication
exposure), laboratory, and outcomes (e.g., admission/discharge) data at national and local
levels.

o Improve surveillance of anticoagulant ADEs resulting during care transitions, as well as those
occurring in postacute care settings (e.g., nursing homes, home care) and among vulnerable
patient populations (e.g., rural/remote-dwelling, low income, disabled patient populations).

o Address challenges in capturing anticoagulant ADEs among patients who seek care outside of
integrated health care systems.

e Identify appropriate ADE surveillance metrics for NOACs and a long-term plan for ongoing
monitoring of NOAC safety relative to warfarin in “real world” (nonclinical trial) settings.

Abbreviations: ADE = adverse drug event; CPT = Current Procedural Terminology; EHR = electronic health record; ICD =
International Classification of Diseases; NOAC = new oral anticoagulant; NPV = negative predictive value; PPV = positive
predictive value
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Monitoring anticoagulant ADEs on the basis of administrative claims data or population-based
surveillance is challenging. First, ICD-9-CM codes, including External Causes of Injury codes (E-codes),
have been commonly relied on to assess anticoagulant-related bleeding risks in
postmarketing and epidemiologic studies [72, 73, 74]; however, very few studies have validated the
accuracy of diagnostic and procedural codes in identifying the true frequency of anticoagulant-related
bleeding events [75, 76, 77]. Second, the use of E-codes to capture anticoagulation-related bleeding is
highly problematic because of the poor sensitivity of these types of codes for capturing ADEs, including
anticoagulant ADEs [76]. Third, although definitions of major and minor bleeding in relation to
anticoagulants have been universally agreed on for some time [78], these definitions are not
consistently applied across postmarketing and epidemiologic studies, rendering comparisons of studies
somewhat challenging [78]. Fourth, NOACs present a unique challenge to anticoagulant ADE
surveillance in that they currently lack well-established process measures (e.g., laboratory coagulation
markers) to facilitate adequate monitoring of harms [22]. Few surveillance systems are able to provide
robust information regarding anticoagulant ADEs occurring as a result of care transitions issues [79], or
occurring in nursing home or home care settings, and there are insufficient data on anticoagulant ADEs
resulting in hospital readmissions. Integrated health care data that allow linking of exposure (e.g.,
anticoagulant prescription) and outcome variables (e.g., subsequent emergency department visit or
hospitalization for bleeding event) across care settings will be important for furthering the
understanding of the burden and impact of anticoagulant ADEs across care transitions, as well as for

implementing and assessing prevention efforts across the patient care spectrum [80].

Evidence-Based Prevention Tools

Evidence-based guidelines and prevention strategies/tools that aim to carefully balance the
thromboembolic and hemorrhagic risks associated with anticoagulants are available [4]. However, given
the complex and rapidly evolving nature of the field of antithrombotic management, opportunities for
advancement in the area of prevention remain. Although it is acknowledged that there is a subset of
especially high-risk anticoagulated patients for whom bleeding cannot be prevented despite optimal
care, there remains a large proportion of anticoagulant ADEs that may be amenable to prevention,
particularly in outpatient settings [9, 81]. A summary of existing Federal prevention strategies/tools that

address safe and effective management of anticoagulation therapy are summarized in Figure 8.
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Figure 8. Federal Assets Related to Safe Management of Anticoagulation Therapy, as Identified by the
National Quality Strategy Priorities

Resources for Safer Care—Health Care Provider Knowledge

= BOP:

— Anticoagulation Protocol (for warfarin, heparin, NOACs)—Includes dosing algorithms, guidelines to manage
high INR values, guidelines to manage anticoagulation therapy in patients requiring invasive procedures, and
bridge therapy protocols

= |HS:

— National Anticoagulation Training Program—3-day certificate training program providing specialized training
in anticoagulation and disease management; other Federal partners (BOP, DOD, VA) also participate

= VA:

— Educational opportunities for health care providers include anticoagulation-related cases for grand rounds and
teaching cases for medical, nursing, and pharmacy staff; Web-based education courses (e.g., self-learning
modules, live broadcasts on anticoagulation management, and CE programs on anticoagulation safety)

Resources for Patient and Family Engagement

= ACL:
— Community organizations offer programs that have been or are currently supported, in part, by Federal funds,
such as
1. Stanford Chronic Disease Self-Management Program—6-week program to help participants better
manage their medications, including information about anticoagulants
2. HomeMeds*™ Medication Management System—Multidisciplinary collaborative providing patient
counseling, reassessment, and adjustment of medication regimens for older adults in various nonacute
health care settings (e.g., home care)
= AHRQ:
— Patient education information sheet (“Blood Thinner Pills: Your Guide to Using Them Safely”) & video
= FDA:
— Medication guides (e.g., available for apixaban, dabigatran, rivaroxaban, and warfarin)

Resources for Communication and Coordination of Care

= AHRQ:

— Project RED—Includes a number of medication-related strategies (e.g., active medication reconciliation,
medication teaching for patients and caregivers, development of medication list for patients and their health
care providers)

= BOP, IHS:

— Anticoagulation Management Electronic Flowsheet—Integrates laboratory and pharmacy data in one
location, in an easily accessible format, in close to real time

= VA:

— Traveling Veterans Directory—Addresses challenges associated with care coordination for Veterans seeking
care at different VA medical facilities when traveling

— Anticoagulation Management Tool—Designed to simplify the complex, time-consuming processes required to
manage outpatient anticoagulant medications and allows health care providers to enter outside laboratory
results, review laboratory data, record activities on an anticoagulation flowsheet; creates a loss to followup
list; calculates TTR; and develops complications reports

— Electronic consults and templates—Coordinates care with outpatient anticoagulation clinics on discharge
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Figure 8. Federal Assets Related to Safe Management of Anticoagulation Therapy, as Identified by the
National Quality Strategy Priorities (continued)

Resources for Science-driven Prevention and Treatment

= BOP, DOD, IHS, VA:
— Systematic and coordinated anticoagulation management models of care (e.g., anticoagulation clinics, support
for warfarin PST/PSM)
= VA:
— Medication Use Evaluation Tracker (MUET)—Available for dabigatran and rivaroxaban to identify and
intervene on inappropriate use and prevent potential ADEs
— Electronic Clinical Decision Support templates—For ordering and monitoring NOACs

Resources to Promote Best Practices within Communities

= VA:
- Shared Resource Center—Lists strong clinical practices, tools, and patient education materials related to
anticoagulation management

Abbreviations: ADE = adverse drug event; INR = international normalized ratio; NOAC = new oral anticoagulant; PSM = patient
self-Monitoring; PST = patient self-testing; TTR = time in therapeutic range

Inpatient Settings

Compared with other medications, anticoagulants are more likely to cause harm to hospitalized patients
because of a variety of factors, including complex dosing, the need for frequent monitoring, and
transitions between parenterally and orally administered agents (e.g., in preparation for surgery or at
time of hospital discharge). Goals and strategies for improving anticoagulation management in inpatient
settings have been identified. For example, The Joint Commission (TJC) has identified the National
Patient Safety Goal (NPSG) 03.05.01: “Reduce the likelihood of patient harm associated with the use of
anticoagulant therapy,” which includes the performance element: “Evaluate anticoagulation safety
practices, take action to improve practices, and measure the effectiveness of those actions in a time
frame determined by the organization” [82]. Care processes that meet these goals may include use of
approved protocols for the initiation and maintenance of anticoagulant therapy; use of programmable
pumps for UFH therapy; implementation of policies that address baseline and ongoing laboratory
monitoring for anticoagulants; and education regarding anticoagulant therapy for prescribers, staff,

patients, and families [82].

The Institute for Safe Medication Practices (ISMP) “Pathways for Medication Safety” toolkit describes a
comprehensive set of tools to help hospitals adopt a “process-driven, systems-based” approach to
reduce medication errors and improve patient care [83]. Systematic processes to facilitate inpatient
anticoagulation safety can include such strategies as use of standardized anticoagulation dosing

protocols when appropriate, implementation of technology (e.g., computerized physician order entry,
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bar code scanning, programmable infusion pumps, and dose range checking), human or computer-based

alert systems, and multidisciplinary approaches to anticoagulation management [30].

The National Quality Forum (NQF), which works to identify and achieve consensus on national health
care quality measures, has also endorsed a patient safety goal for reducing anticoagulant-related harms
through Safe Practice #29 (Anticoagulation Therapy): “Organizations should implement practices to

prevent patient harm due to anticoagulant therapy” [84].

Goals such as those set by TIC, NQF, and ISMP suggest that multidisciplinary, coordinated, and
systematic processes will be critical in facilitating reductions in anticoagulant ADEs among hospitalized
patients [29, 82, 83, 84]. Challenges that will need to be addressed to reduce inpatient anticoagulant

ADEs may include

e Consideration of the acuity and complexity of the hospitalized patient population and the need

for individualized treatments (relative to outpatient settings)

e lack of a nationally recognized, widely shared, comprehensive set of best practices or standards

focusing specifically on safe use of anticoagulants in hospitalized patient populations
e Need for multifaceted interventions to deliver high-quality anticoagulation management

e Difficulty in translating clinical guidelines into ready-to-use inpatient health care quality metrics
(i.e., high-quality anticoagulation “process” measures are not as easily measured in inpatient

relative to outpatient settings)

Opportunities for advancing anticoagulant ADE prevention strategies/tools in inpatient settings, as

identified by the NQS Priorities, are summarized in Figure 9 and discussed further below.
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Figure 9. Opportunities for Advancing Anticoagulant ADE Prevention Strategies/Tools, as Identified by
the National Quality Strategy Priorities—Inpatient Settings

Safer Care

Improve provider knowledge of high-quality inpatient
anticoagulation management through provider education
Improve dissemination of/increase accessibility to evidence-
based, high-quality inpatient anticoagulation management
strategies/tools

Address gaps in evidence and provider knowledge with regard
to management of NOACs through development of
guidelines/algorithms for safe use (e.g., clinician guidance for
laboratory testing)

Effective
Communication and
Coordination of Care

Science-Driven
Prevention and
Treatment

Improve EHR tools to enable provider access to real-time,
integrated, linked pharmacy-laboratory data to facilitate
seamless access to pertinent medication and laboratory results,
for example,

— Support development of electronic flowsheets that display
trends in daily labs, concomitant medications, reversal
medications, etc., that are specific to and can support optimal
anticoagulation management

— Support development of clinical decision support tools
specific to anticoagulation management

Better integrate anticoagulation-specific targets into currently

existing care transition models

Promote a multidisciplinary, coordinated, and systematic
approach to inpatient anticoagulation management; for
example,

- “Anticoagulation rounds”, pharmacist-/nurse-managed
anticoagulation services, “Anticoagulation Stewardship.”
“culture of safety” in anticoagulation management

Better address safe use of anticoagulants commonly utilized in

inpatient settings (e.g., heparin) and NOACs in nationally

recognized health care quality/patient safety measures and in
nationally recognized clinical guidelines
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= |dentify and promote adoption of standards that constitute
high-quality anticoagulation management (e.g.,

Promotion of Best “Anticoagulation Center of Excellence”)
Practices Within = Improve dissemination and sharing of strategies and results
Communities from large-scale, quality-improvement learning initiatives

targeting anticoagulant ADE prevention among health care
systems/facilities

Abbreviations: ADE = adverse drug event; EHR = electronic health record; NOAC = new oral anticoagulant

Gaps remain in the availability and successful dissemination of evidence-based
strategies for optimizing inpatient anticoagulation management.
Despite widespread recognition of the important contribution of anticoagulants to preventable harm in

inpatient settings, there remain key areas in which use of these agents could be optimized among
hospitalized patients. These include: (1) wider development and dissemination of inpatient-specific
anticoagulation management guidelines, (2) standardization of key coagulation parameters across
laboratory systems, and (3) improvement of anticoagulation-related training and education of inpatient
providers. Although standardized dosing protocols have a role in promoting effective and safe dosing of
certain anticoagulants in inpatient settings [30], these cannot be relied on exclusively, as anticoagulant
management in hospitalized patients requires more extensive considerations than can be afforded by
dosing protocols alone (e.g., emergently holding and restarting anticoagulation and managing bleeding
or reversing anticoagulation). Development and dissemination of institutional guidelines that are
evidence based, evaluated, and revised as necessary, and that leverage multidisciplinary teams may be
important in that regard [28, 29]. Mechanisms that Federal partners could leverage to facilitate
spreading best practices across facilities should also be explored. In addition, to the extent that clinical
laboratory approaches/assays are known to differ among institutions [85], there appears to be an
important need to identify the role that Federal Agencies could play in promoting standardization of key
coagulation parameters across laboratories (e.g., achieving alignment in Activated Partial Thrombosis
Time [aPTT] and antifactor Xa assays across hospital laboratories). Further, the introduction of the
NOACs to the market requires that tools be developed to ensure that clinical laboratories and providers
are equipped and educated regarding appropriate use of laboratory tests with these agents.
Anticoagulation training programs may need to be expanded to better target educational needs of
inpatient anticoagulation providers, who have to take into account unique considerations when
managing anticoagulation for acute or critically ill patients. Below is further discussion of these and
other areas in which Federal Agencies could play an important role in advancing evidence-based

prevention strategies targeted at minimizing anticoagulant ADEs.
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Federal Agencies should play a role in advancing health IT-based strategies, including
EHR standards, to further inpatient anticoagulant ADE prevention.
The acuity and complexity of the hospitalized patient population requires that providers have access to

real-time, integrated, linked pharmacy—laboratory data to facilitate seamless access to pertinent
medication and laboratory data, and deliver optimal inpatient anticoagulation management [29].
Processes and tools for inpatient anticoagulation management should be integrated with the EHR to
facilitate accurate and efficient communication of clinical and laboratory information pertinent to
inpatient anticoagulation management. Integration of pharmacy order entry systems with laboratory
reporting systems will support the timely review of key laboratory values prior to ordering, dispensing,
or administering anticoagulants. Examples might include tools such as an electronic anticoagulation
management flowsheet that displays trends in such metrics as daily labs, concomitant medications, and
reversal medications specific to anticoagulation management. Regardless of the health IT-based
approaches taken to optimize safety of inpatient anticoagulation delivery, innovative health IT in this
area should be prioritized on the basis of evidence; be tested in collaboration with facilities and
providers; function efficiently in current workflow; and deliver accurate, timely, and clinically relevant
content [86]. Unintended consequences of any new health IT-based approaches to care should also be

taken into consideration prior to implementation.

Federal Agencies that provide direct patient care play an important role in advancing
evidence-based strategies for anticoagulant ADE prevention.
Currently, evidence-based guidelines or tools that address high-quality anticoagulation management in

inpatient settings exist primarily at the level of a single health system or facility. Some organizations,
such as the Anticoagulation Forum—a nonprofit, multidisciplinary organization with a goal of improving
quality of care among patients taking antithrombotic medications—are leading strategies that foster
dissemination of best practices and prevention strategies across health care systems and facilities [87].
However, there remains tremendous opportunity to learn about high-quality facility strategies and tools
from Federal partners that provide direct patient care (e.g., BOP, DOD, HRSA, IHS, and VA). One such

example from the VA National Center for Patient Safety is summarized in Table 4.
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Table 4. Department of Veterans Affairs—National Center for Patient Safety “Actions From VA and
Non-VA Facilities To Control Vulnerability” From Anticoagulation

Storage = Limit the availability of anticoagulant drugs from floor stock to reduce misadministration.

Ordering = Establish weight-based heparin protocols (to improve consistency) with education on
exclusion and inclusion criteria. Closely monitor for success and failures and adjustment of
protocols, as necessary.

Preparation = Standardize one size/concentration of IV bags for continuous IV heparin, using an even
number of units per mL [e.g., 50 units per mL] to simplify calculations.
= Limit the size of the infusion bag of heparin to reduce risk if free flow or overinfusions occur
(250 mL vs. 500 mL).
= Provide heparin in dosage forms that are as close as possible to what is ordered (e.g., 5,000-
unit or 10,000-unit vials for bolus use).

Distribution = Use manufacturer’s premade solutions to reduce compounding and labeling errors.

Administration = Establish a food and drug interaction program/policy that addresses enteral feedings and
warfarin administration.

= Establish double-check systems to verify correct pump settings and calculations.
= Enforce review of order before drug administration.

= Include drip charts on the infusion bags to improve the ability to adjust rates without
mathematical errors.

Therapeutic = Establish a pharmacy-based inpatient anticoagulation service to improve monitoring,
Management followup, and transitioning to warfarin.
= Standardize the monitoring of anticoagulant laboratory work so that clinical changes are
detected early (e.g., hemoglobin, platelets).

Source: U.S. Department of Veterans Affairs—National Center for Patient Safety. (2012, December 13). Anticoagulation
Vulnerability. Available at: http://www.patientsafety.va.gov/professionals/hazards/anticoag.asp.

Federal Agencies should support the dissemination and uptake of evidence-based
strategies for anticoagulant ADE prevention across health care systems and facilities.
The Centers for Medicare & Medicaid Services’” (CMS) Center for Medicare & Medicaid Innovation

(CMMI)—led Partnership for Patients Initiative serves as an example of the way Federal funding could
enhance private sector efforts to prevent anticoagulant ADEs and facilitate the sharing of evidence-based
prevention strategies across facilities. The goals of the Partnership for Patients Initiative are to make care
safer by reducing hospital-acquired conditions and improve care transitions by decreasing preventable
complications during transitions from one health care setting to another. Since 2011, the Partnership for
Patients initiative has supported large networks of health systems and hospitals (Hospital Engagement
Networks [HENS]) across the country by providing strategies aimed at monitoring safe use of warfarin in

inpatient settings [88, 89]. Example metrics related to inpatient anticoagulation management include

e INR >5 per 1,000 patient days

e Percentage of patients on warfarin with INR outside threshold
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e Anticoagulant ADE per 1,000 patient days

e Percentage of patients on warfarin receiving warfarin education

® Percentage of patients on warfarin who have dose management protocols

e Percentage of patients on heparin dosing protocol

e Percentage of acute care inpatients on warfarin and/or heparin with evidence of an INR or aPTT

performed during the hospitalization

As of May 2013, there were more than 650 hospitals participating in the Partnership for Patients
Initiative with at least 6 months of data related to inpatient warfarin safety. Mechanisms such as those
employed by the HENs to rapidly disseminate information about successful quality improvement
initiatives may be helpful in spreading best practices across facilities and in preventing adoption of

ineffective strategies.

Federal partners should lead efforts to promote the concept of “anticoagulation
stewardship” to reduce anticoagulant ADE burden.
Not all health care facilities may be able to rely primarily on health IT-based systems to improve

inpatient anticoagulation management.  Consequently, Federal Agencies could support other
multidisciplinary and systematic approaches to anticoagulation management at the health system level.
Such strategies may include nurse- or pharmacist-managed inpatient anticoagulation services and
“multidisciplinary anticoagulation rounds” that include representatives from medicine, pharmacy,
nursing, and patient safety [90, 91, 92, 93]. In addition, promoting the concept of “anticoagulation
stewardship” may contribute to promotion of a culture of safety specifically around anticoagulants [94,
95, 96]. The concept of anticoagulation stewardship refers to a multidisciplinary, coordinated, and
systematic approach to care. This is analogous to the successful approach used to improve antibiotic
use in inpatient settings [97]. As with efforts to implement successful and sustainable antibiotic
stewardship programs, anticoagulation stewardship will likely require a commitment from health system
leadership, including support in the form of funding and resources, engagement of a key health care
provider who can champion anticoagulation stewardship efforts, and identification of methods and key

metrics by which to continuously assess outcomes associated with such efforts [97].

Ovutpatient Settings
Although prescribing of NOACs is increasing, recent data available (2011) suggest that warfarin remains

the most commonly utilized oral anticoagulant in outpatient settings [7, 30]. Nationally recognized

clinical guidelines from the American College of Chest Physicians (ACCP) recommend that health care
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providers who manage oral anticoagulation therapy do so in a “systematic and coordinated fashion,
incorporating patient education, systematic INR testing, tracking, followup, and good patient
communication of results and dosing decisions” [4]. Systematic and coordinated anticoagulation care is
usually defined as a specialized program of patient management that focuses exclusively on managing
oral anticoagulation therapy. This differs from routine medical care, in which a patient’s own physician
or a variety of physicians provides care without systematic coordination. Features of such services

generally include

e A program directed by a single physician whose primary responsibility revolves around oversight

of oral anticoagulation management services

e Delivery of care by pharmacists, registered nurses, nurse practitioners, or physician assistants

following a physician-approved protocol

e Centralized management of a population of patients with direction provided by different

primary or referring physicians for individual patients [98].

Federal Agencies that provide direct patient care should continue to explore
opportunities to improve uptake of evidence-based, systematic, and coordinated
models of anticoagulation management.

In outpatient hospital departments and in the community, anticoagulation clinics (or “Coumadin clinics”)

are the settings that most often deliver systematic and coordinated oral anticoagulation management.
In the United States, it is estimated that there are approximately 3,000 such anticoagulation clinics [99].
The VA has long embraced the model of anticoagulation clinic services. In an internal survey conducted
in 2008, more than 95 percent of VA medical facilities were identified as having specialized outpatient

anticoagulation management (including anticoagulation clinics) [100].

There is a large and longstanding body of evidence which indicates that anticoagulation clinic services
are associated with improved anticoagulation management relative to “usual medical care,” as reflected
by such measures as higher time in therapeutic range (TTR), higher proportion of INR values within
target ranges, and reductions in emergency department visits and hospital admissions for
thromboembolic and hemorrhagic outcomes (including major and fatal bleeding episodes) [37, 101,
102]. Anticoagulation clinics have also demonstrated reductions in health care costs by $800 to $1,600
per patient per year [98, 103]. Research results suggest that health systems could expand the use of
anticoagulation clinics and still save money [104]. Despite this evidence, it is estimated that only 30

percent to 40percent of U.S. patients receiving oral anticoagulation therapy are enrolled in such clinics
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[99]. Barriers to wider enrollment in anticoagulation clinics range from provider-related factors (e.g.,
fear of loss of autonomy in providing anticoagulation care), patient-related factors (e.g., lack of physical
proximity to such services for rural/remote patient populations), systems-related factors (e.g., concerns
regarding benefits of such services combined with implementation costs, training of staff), and

economic factors (e.g., challenges in payment/coverage for these services).

The barriers that are most likely amenable to being addressed by Federal Agencies are those related to
provider/patient education and economic barriers. Provider education programs such as the National
Anticoagulation Training Program coordinated by IHS (in which BOP, DOD, and VA facilities also
participate) may serve as a model of a systematic approach to deliver education around optimal
anticoagulation management. Public—private partnerships with organizations such as the
Anticoagulation Forum, which also is facilitating widely and easily accessible formats for provider
education aimed at improving the quality of anticoagulation care, could also be considered. Potential
opportunities for overcoming economic barriers related to wider uptake of anticoagulation clinic

services are discussed further below under the subheading “Incentives and Oversight.”

It is important to note that establishing an anticoagulation clinic is only the first step toward reducing
anticoagulation ADEs. Larger challenges remain, including ensuring that patients are referred to, or
utilize, such clinics and optimizing communication among providers caring for the same patient within
and outside these clinics. This is especially true for patients who do not regularly seek care in integrated
health care systems and for rural/remote populations. Barriers to physically accessing clinics may also
exist for older adults, regardless of where they reside, because of such factors as having limited mobility,

being home bound, and having cognitive impairment [105].

Even for those with access to anticoagulation clinic services, challenges surrounding their effective use
remain, including recognition that some patients are at especially high risk for bleeding despite the use of
systematic and coordinated models of anticoagulation management. In addition, some patients may not
be appropriate candidates for such services (e.g., rural/remote patients or patients with poor adherence to
scheduled visits). Finally, use of anticoagulation clinic services may be more effective for the prevention of
thromboembolic events than for prevention of hemorrhagic events [35, 101, 102, 106]. Nevertheless,
studies of anticoagulation clinic services have generally demonstrated positive, substantial impacts on all

fronts of anticoagulation management, including effectiveness, safety, and costs.
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Because of some of these limitations of anticoagulation clinic services, alternative models of oral
anticoagulation management have also been adopted [107, 108, 109]. Patient self-testing (PST) of INR
and patient adjustment of their anticoagulant dose (patient self-management, or PSM) have proved to
be effective strategies for improving warfarin effectiveness and safety outcomes [4]. However, current
nationally recognized clinical guidelines recommend that these modalities be limited to patients who are
“motivated and can demonstrate competency in self-management strategies, including the self-testing
equipment” [4]. As with anticoagulation clinic services, there is a need to facilitate better identification
of patients who are appropriate candidates for PST/PSM models of care and to improve uptake of such
models of care for those patients when appropriate. For patients residing in rural/remote areas,
increasing access to pharmacist services and telephone-based management may be effective strategies

to assist general practitioners in the management of their anticoagulated patients [101, 107, 108].

Although the introduction of NOACs will shift some use away from warfarin, it is likely that coordinated
anticoagulation management services will continue to play an important role in the care of patients
receiving NOACs. Anticoagulation clinic services may evolve into areas such as: identifying appropriate
patient candidates for these new agents, transitioning safely among older and newer agents, monitoring
patients during interruption of therapy (e.g., periprocedural period), ensuring accurate age-dependent
and/or renal function-dependent dose adjustments, helping to define the use and interpretation of
potential laboratory coagulation parameters (e.g., thrombin time and antifactor Xa), providing patient
education (e.g., counseling patients on the importance of adherence because of the shorter half-lives of
the newer agents relative to warfarin and the increased risk of thrombosis during interruptions of
therapy), and general coordination and communication of anticoagulation management issues among a

patient’s multiple providers [79].

In addition, several of the critical elements of warfarin patient education will continue to be relevant for
the NOACs. These elements include patient recognition and understanding of signs and symptoms of
bleeding/stroke, appropriate dosing/administration instructions, and education on the potential for
drug—drug and drug—herbal interactions. As these agents become more widely prescribed, evidence-
based prevention strategies/tools that better address the safe use of NOACs will need to be developed.
Specific areas in which such tools could be targeted are discussed below under the subheading
“Research (Unanswered Questions).” Opportunities for advancing anticoagulant ADE prevention
strategies/tools in outpatient settings for both warfarin and NOACs, as identified by the NQS Priorities,

are summarized in Figure 10.
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Figure 10. Opportunities for Advancing Anticoagulant ADE Prevention Strategies/Tools, as Identified
by the National Quality Strategy Priorities—Outpatient Settings

Safer Care

= Improve provider knowledge of high-quality outpatient

anticoagulation management through provider education
Improve uptake of evidence-based anticoagulation management
models, including anticoagulation clinic services and warfarin
PST/PSM

Address provider concerns around supratherapeutic INRs and
resultant undertreatment

Address gaps in evidence and provider knowledge with regard to
management of NOACs through development of
guidelines/algorithms for safe use (including clinician guidance on
laboratory testing)

Patient and Family
Engagement

Improve incorporation of anticoagulation-specific patient
management into chronic disease education programs and other
patient education/health literacy tools

Effective
Communication and
Coordination of Care

Science-Driven
Prevention and
Treatment

Better integrate anticoagulation-specific targets into currently
existing care transition models

Address factors that contribute to interfacility variability in
anticoagulation services (including outpatient clinic services)
Better address safe use of NOACs in national health care
quality/patient safety measures and nationally recognized clinical
guidelines

Address gaps in guidelines to identify patients at high risk for
bleeding events (e.g., effectiveness of bleeding scores in relation
to NOACs)

Promotion of Best
Practices Within
Communities

Identify and promote adoption of standards that constitute high-
quality anticoagulation management (e.g., “Anticoagulation
Center of Excellence”)

Improve dissemination and sharing of strategies and results from
large-scale, quality-improvement learning initiatives targeting
anticoagulant ADE prevention among health care
systems/facilities

Abbreviations: INR = international normalized ratio; NOAC = new oral anticoagulant; PSM = patient self-management; PST =

patient self-testing
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Note About Use of Pharmacogenomics-Guided Dosing To Optimize Warfarin Safety

Genetic variations are among the most important determinants of variability in warfarin dosing
requirements [110]. For this reason, pharmacogenomic testing has been a longstanding research area
of interest for optimization of warfarin safety and effectiveness. Dosing algorithms that incorporate

pharmacogenomic considerations (e.g., http://www.warfarindosing.org) have been explored for their

comparative effectiveness, their relative utility among different populations (e.g., Black vs. non-Black
patients), and their impact on such end points as percentage of out-of-range INRs and time in
therapeutic range [111, 112, 113, 114]. However, challenges in integrating pharmacogenomics into
clinical practice have hindered uptake of pharmacogenomics-guided warfarin management [115]. For
example, many medical centers currently do not have warfarin pharmacogenomics testing capabilities
and thus rely on outsourcing to clinical laboratories with long turnaround times for results [116, 117]. In
addition, the cost of pharmacogenetic testing is generally not reimbursed by public and private
insurance plans [116, 117]. Finally, the integration of pharmacogenomics data with clinical decision
support software to guide therapy has not been fully realized [115]. Most recently, data from the
largest pharmacogenomics clinical trial in the U.S. population to date indicate that genotype-guided
warfarin dosing strategies do not affect anticoagulation control, as measured by time in therapeutic
range, time to achievement of first INR, time to stable INR dose, or a composite safety end point of
overcoagulation and undercoagulation (time to any INR of >4, major bleeding episodes, or
thromboembolism) [118]. Given the challenges and limitations associated with pharmacogenomics-
guided warfarin management seen to date, it will be important to focus future public health efforts on
supporting other strategies, such as improving clinicians’ ability to select the most appropriate
anticoagulant agents for their patients; facilitating patient access to the most appropriate
anticoagulation management modality; bolstering laboratory standards and communication
infrastructure around key coagulation parameters; and supporting improved communication among

laboratories, providers, and patients [110].

Federal Agencies should explore ways to better incorporate effective anticoagulation
ADE prevention strategies in long-term care and care transitions settings.

Long-term Care (LTC) Settings

More needs to be learned about the quality and outcomes associated with anticoagulation therapy in
institutional and noninstitutional LTC settings, including the extent of adoption and application of best

practices for anticoagulant ADE prevention [119]. Barriers to providing high-quality anticoagulation
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management in LTC settings have not been thoroughly studied; however, in nursing homes, these may
include provider concerns around supratherapeutic INRs and resultant undertreatment of nursing home
residents, provider fear of loss of professional autonomy in anticoagulation management through use of
dosing nomograms or guidelines, and costs of implementing dosing support tools/resources (e.g.,
nomograms, clinical decision support software). In LTC settings such as nursing homes, there may be a
need to better address risks/benefits associated with point-of-care (POC) INR monitoring versus
venipuncture, dosing practices, rates of achieving appropriate INR and TTR goals, management
strategies for elevated INRs or bleeding events, and overall quality assurance processes associated with
nursing home anticoagulation management. Communication challenges may be one of the foremost
barriers to delivering optimal anticoagulation management in LTC settings. Limited accessibility to EHRs
outside a particular facility and the challenge of transmitting pertinent anticoagulation-related data
elements in an efficient manner to a remote provider that can manage patients’ anticoagulation may
complicate anticoagulation services in LTC settings. Strategies aimed at improving anticoagulation

safety and providing high-quality anticoagulation management in LTC settings may include

e Standardizing anticoagulation management treatment approaches across LTC settings, which
may include facilitating and promoting uptake of currently available guidelines, such as
American Medical Directors Association (AMDA) Antithrombotic Therapy in the Long-Term Care
Setting guidelines [119], or developing LTC-specific anticoagulation management

tools/resources (e.g., EHR-based clinical decision support tools)

e Determining reimbursement barriers to POC INR testing, as well as to management/oversight

responsibilities for anticoagulation services

e Providing strategies for facility-based active and ongoing surveillance of anticoagulation safety-

related metrics, including ones targeting adequate monitoring transitions to or therapy with NOACs

e Improving use of anticoagulant ADE prevention strategies/tools (e.g., dosing nomograms,
clinical decision support, facility policies/guidelines, and preprinted medication orders that

identify patient specific goals/target INR ranges)

e Identifying a single anticoagulation provider (e.g., nurse practitioner, consultant pharmacist,
anticoagulation clinic pharmacist) who takes primary responsibility for anticoagulation

management

In home care settings, provision of in-home laboratory services is limited by reimbursement challenges;

this can contribute to inadequate monitoring of postacute patients discharged to these settings.
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Changes in reimbursement policy for the use of portable INR devices in home care settings may allow
for more frequent laboratory monitoring to prevent possible complications from anticoagulation
therapy in these settings. Alternatively, adequate staff training in skills required to perform in-home
laboratory draws may improve the validity of laboratory results obtained in these settings. In addition,
significant lag time in reporting laboratory results to laboratory portals for nurses or consultant
pharmacists to review may result in delayed action taken for anticoagulation management. For this
reason, there may be a need for more centralized EHR tools that promote data exchange and facilitate
provider access to real-time, linked pharmacy—laboratory data. Finally, limits on prescribing privileges
for nurse practitioners resulting from requirements, such as physician approval of recommendations or
patient encounter prior to physician approval, may limit more efficient and timely anticoagulation

management in home care settings.

Care Transitions

Inpatient and ambulatory anticoagulation management services are an essential component of care
transitions. Although several care transitions models have been developed with the goal of improving
the hospital discharge process and reducing readmission rates, few address issues of care transitions
into, within, and out of the hospital that are specific to anticoagulation management [79].
Anticoagulated patients will likely remain at high risk for ADEs as long as there remain suboptimal
systems for communication between inpatient and outpatient providers, limited ability to access
medication lists and laboratory results for patients who are managed outside of integrated health care

systems, and limits in capability of disparate EHRs to exchange pertinent information.

Strategies targeted at improving care transitions for anticoagulated patients have not been thoroughly
studied. However, in one study, when inpatient pharmacist-directed anticoagulation services were
involved in providing warfarin dosing and monitoring, as well as the coordination of care from inpatient
to outpatient settings, improvements were seen in care transition metrics, including enroliment in
outpatient anticoagulation clinics, documented inpatient-to-outpatient provider contact, documented
inpatient provider-to-anticoagulation clinic communication, and patient followup within 5 days of
hospital discharge [93]. Patient education, a core tenet of care transition models, may also play a key
role in anticoagulant ADE prevention during care transitions. Patient education is a critical component
of safe care transitions [79], and it plays an important role in preventing anticoagulant ADEs. Patient
education about warfarin therapy has been associated with stability of therapy, as measured by TTR

[120] and reductions in hemorrhagic and thromboembolic events [121, 122]. Similarly, reductions in
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hospital readmission rates have been demonstrated among patients who received education regarding
therapy with low-molecular-weight heparin and fondaparinux, relative to patients who did not receive
anticoagulant education [123]. However, patient education in and of itself will not likely be sufficient to
mitigate the public health burden of anticoagulant ADEs at the population-based level [124]. For
example, one study found that current warfarin patient information sheets provided at the time of
dispensing often exclude recommended essential or important knowledge items and are at reading
levels that are far above what is recommended for presentation of health information to laypersons
[125, 126]. In addition, the extent and quality of anticoagulation education delivered outside of

anticoagulation clinic services are difficult to assess through existing data sources.

Another core tenet of care transition models is medication reconciliation [79], commonly defined as
“the process of reviewing a patient’s complete medication regimen at the time of admission, transfer,
and discharge, and comparing it with the regimen being considered for the new setting of care” [127].
Medication reconciliation as a care transition strategy is important to reduce potential medication
discrepancies. Although studies that have evaluated medication reconciliation have demonstrated a
positive impact on reductions in medication errors or potential ADEs, an impact on reductions in actual
medication-related harms (e.g., as reflected by emergency department visits or hospital readmissions
for ADEs) remains to be seen [128, 129, 130, 131]. It remains unclear whether this is because
medication reconciliation historically has not targeted the highest-risk drugs or patients or because it is
probably insufficient alone, without additional postdischarge monitoring and care coordination (e.g.,
clinic-based support or home visits) [79, 129, 130]. Future studies should explore the incorporation of
anticoagulant-targeted interventions in care transition strategies that include bundled strategies
comprising medication reconciliation (e.g., ensuring appropriate transition from warfarin to NOAC), and
hand-offs (e.g., ensuring that information about goal INR, dose, anticoagulant and/or primary care

provider are communicated) across the continuum of care [79].

Incentives and Oversight

From the perspective of HHS, incentive and oversight levers potentially can be applied to advance
anticoagulant ADE prevention through several strategies (Appendix D). Some of the HHS levers include
statutory-based programs such as those noted in CMS programs related to coverage of services (e.g.,
National Coverage Determinations [NCDs]), financial incentive programs (e.g., EHR Incentive Program),

and survey and certification processes (e.g., compliance with Conditions of Participation). Other
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financial incentive programs, such as the EHR Incentive Program, can potentially be leveraged to
facilitate and promote integration of anticoagulation management best practice principles into the
overall health IT infrastructure. With that goal in mind, during development of the ADE Action Plan, the
FIW for Anticoagulant ADEs collaborated closely with the HHS Office of the National Coordinator for
Health IT (ONC) to identify health care quality measures specific to anticoagulant safety that were
potentially amenable to incorporation into the EHR-based quality measure strategies; these measures
are currently under exploration by ONC for possible incorporation into Stage 3 EHR Meaningful Use
(MU) requirements. CMS quality reporting programs (e.g., Hospital Inpatient Quality Reporting,
Physician Quality Reporting System, and Long-Term Care Hospital Quality Reporting) and quality rating
systems (e.g., Five-Star Quality Rating System for nursing homes) are also critical mechanisms for quality
improvement in health care, most notably through their use of clinical quality measure data for
payment, public reporting, or to assist patients in identifying quality of care within facilities. Other CMS-
related levers may exist within additional programs, such as Quality Improvement Organizations (QIOs).
Maintaining and supporting positive impacts brought about by QIOs in their work to reduce ADEs could
serve as an additional strategy for advancing Federal efforts to promote anticoagulation safety. Several

of these programs are described in more detail in Section 4: “Incentives & Oversight Opportunities.”

Regardless of the specific strategy chosen to advance Federal incentives and oversight policies targeting
anticoagulant ADE prevention, it will be important to develop policies that extend across health care
settings (i.e., traverse inpatient to outpatient settings); reflect joint responsibility of the various provider
groups (e.g., physicians, nurses, and pharmacists); can be shared across facilities/boundaries (e.g.,
through learning networks); can be closely evaluated for unintended consequences, including additional
costs and burden to the health care system; can be continuously re-evaluated for relevance and impact;

and can reflect alignment and consistency across the various Federal Agencies.

Federal partners should consider existing quality measures and initiatives to incentivize
and advance anticoagulant ADE prevention efforts.
The ADE Action Plan recognizes that health care quality measures and quality reporting programs are an

integral part of the HHS strategy for quality improvement in health care. Several Federal Agencies (e.g.,
AHRQ, CMS, VA) have well-established quality initiatives that provide important mechanisms for improving
outcomes and protecting patient safety. Further exploration of these initiatives is warranted to evaluate
the benefits, feasibility, and costs of incorporating new, validated measures of anticoagulant ADEs into
these initiatives. These new measures can potentially complement efforts already underway to gauge and

improve use of anticoagulants. For example, the CMS Hospital Compare program, which captures

National Action Plan for Adverse Drug Event Prevention | 75



Section 5 | Anticoagulants

information about quality of care from more than 4,000 Medicare-certified hospitals [132, 133], has newly
incorporated important indicators of anticoagulation safety as part of publicly reported hospital quality
measures (e.g., “Patients with blood clots who were treated with an intravenous blood thinner, and then
were checked to determine if the blood thinner was putting the patient at an increased risk of bleeding”
and “Patients with blood clots who were discharged on a blood thinner medicine and received written
instructions about that medicine”) [132, 133]. Other federally endorsed patient safety and quality
measures, such as AHRQ's Patient Safety Indicators (PSls) and Prevention Quality Indicators (PQls), can
potentially be explored for appropriateness and utility of incorporating complications of anticoagulation
therapy [134]. PSIs provide information on potential in-hospital complications and adverse events
following surgeries, procedures, and childbirth; PQls are a set of measures that that can be used with
hospital inpatient discharge data to identify quality of care for “ambulatory care sensitive conditions”

[134].

Current National Quality Forum (NQF)—-endorsed measures of anticoagulation quality care mainly gauge
appropriateness of anticoagulation use [135]. These measures are critical for assessing whether
patients who are candidates for anticoagulation receive this therapy to meet the important goal of
achieving reductions in stroke and other thromboembolic outcomes (e.g., VTE, PE), especially in light of
data indicating underutilization of anticoagulation in patients for whom it is indicated [61, 62, 136].
However, there remains a need for measure concepts that track centrally important markers of
anticoagulant safety (e.g., bleeding). The few currently available NQF-endorsed measures that address
anticoagulant safety are mainly focused on surrogate markers of safe warfarin use (e.g., NQF #0555,
NQF #0556). It may be necessary to explore new measure that: (1) reflect more updated approaches to
optimizing anticoagulation management (e.g., percentage of patients with warfarin time in therapeutic
range), (2) include metrics for safe use of agents other than warfarin (i.e., NOACs), (3) address patient
populations who are especially vulnerable to ADEs (e.g., elderly) or are based in high-risk settings where
such measure concepts do not currently exist (e.g., LTCs, nursing homes, home), and (4) assess clinical
outcomes rather than surrogate indicators of anticoagulation safety (e.g., admissions or readmissions
for anticoagulant-related bleeding rather than the number of times a laboratory value is obtained). This
last component is important in that Federal quality initiatives have already moved toward development
of measure concepts focused on clinical outcomes. Outcome-based measures will also be especially
important for assessing safe use of NOACs, for which laboratory metrics of effectiveness and safety
either are currently not available or are very limited [22]. It is important to recognize, however, that

developing reliable outcome-based measures of anticoagulant safety can be challenging and will need to

National Action Plan for Adverse Drug Event Prevention | 76



Section 5 | Anticoagulants

be approached after adequate exploration of available data sources, since inadequate data sources or
data quality can affect measure validity and feasibility. These challenges are caused in part by
complexities inherent in collecting or accessing administrative claims, and chart-extracted or EHR data

sources to reliably identify anticoagulant ADEs.

Regardless of which measures are chosen, any new metrics related to anticoagulant ADE prevention will
need to reflect updated standards of care, be thoroughly tested and validated, be feasible and useful for
reporting, and achieve adequate balance between newer and older anticoagulant agents, as well as
between effectiveness (e.g., stroke) and safety (e.g., bleeding) outcomes. Both Federal partners and the
non-Federal sector will also have an important role to play in facilitating ease and efficiency of reporting of
any new anticoagulation ADE prevention measures by health care systems and providers. Moving
forward, it will also be important for Federal partners to initiate discussions and collaborate with non-
Federal organizations that also play a role in setting nationally recognized patient safety goals, standards,
and quality measures (e.g., The Joint Commission, National Committee for Quality Assurance, Pharmacy
Quality Alliance, and Institute for Safe Medication Practices). Such collaborations could facilitate further

alignment and advancement of anticoagulation safety goals across Federal and non-Federal programs.

Opportunities to advance the prevention of anticoagulant ADEs through incentives and oversight-based

strategies are summarized in Figure 11.

Figure 11. Federal Interagency Workgroup Recommendations for Actions That Can Potentially
Advance Health Care Policy Strategies for Anticoagulant ADE Prevention

Actions That Can Potentially Advance Health Care Policy
Strategies for Preventing Anticoagulant ADEs

e Inpatient Settings
— Expand national health care quality reporting measures to include concepts related to
multidisciplinary, systematic, and coordinated models of care (e.g., “Anticoagulation Stewardship”).

e Outpatient Settings
— Expand national health care quality reporting measure sets to include measures specific to
anticoagulant safety/anticoagulant ADE prevention.
— Address payment/coverage barriers to uptake of evidence-based, high-quality ADE prevention
strategies (e.g., anticoagulation clinics, warfarin PST/PSM).

e Long-Term Care/Home Care
— Nursing homes: Address barriers to more integrated anticoagulation management (e.g., leveraging
consultant pharmacist services to deliver anticoagulation management).

— Home care: Address challenges in POC monitoring and barriers to more seamless communication of
anticoagulation laboratory-testing results to anticoagulation management providers.

Abbreviations: ADE = adverse drug event; POC = point of care; PSM = patient self-management; PST = patient self-testing
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Currently, there are few existing National Quality Forum-endorsed measures specific to
anticoagulation safety.
To date, very few measures that are specific to anticoagulation safety have been endorsed by the

National Quality Forum (NQF) (Table 5) [135]. Achievement of NQF endorsement is important, as
certain CMS statutorily based programs require endorsement of proposed measures prior to adoption
as clinical quality measures for Medicare beneficiaries. Furthermore, stakeholders such as hospitals and
health insurance providers often adopt NQF-endorsed measures to improve quality of care for their

patients and beneficiaries.

Table 5. National Quality Forum (NQF)-Endorsed Health Care Quality Measures Specific to
Anticoagulation Safety*

Measure ID Measure Measure Description Steward
NQF 0374 VTE Patients Receiving UFH  Number of patients diagnosed with confirmed The Joint
with Dosages/Platelet VTE who received intravenous UFH therapy Commission
Count Monitoring by with dosages and platelet counts monitored
Protocol (or Nomogram) using defined parameters such as a nomogram
or protocol
NQF 0375 VTE Discharge Instructions Number of patients diagnosed with confirmed The Joint

VTE that are discharged to home, to home with Commission
home health or home hospice on warfarin with

written discharge instructions that address all

four criteria: compliance issues, dietary advice,

followup monitoring, and information about

the potential for adverse drug

reactions/interactions

NQF 0555 Lack of Monthly INR Average percentage of monthly intervals in CMS
Monitoring for Individuals which individuals with claims for warfarin do
on Warfarin not receive an INR test during the
measurement period
NQF 0556 INR for Individuals Taking Percentage of episodes with an INR test CMS
Warfarin and Interacting performed 3 to 7 days after a newly started
Anti-Infective Medications interacting anti-infective medication for Part D
individuals receiving warfarin
NQF 0586 Warfarin PT/INR Test Percentage of patients taking warfarin during Resolution
the measurement year who had at least one Health, Inc.

PT/INR test within 30 days after the first
warfarin prescription in the measurement year

NQF 0612 The percentage of patients Percentage of patients taking warfarin who had  Active Health
taking warfarin who had PT/INR monitoring Management
PT/INR monitoring

*Note: Measures summarized in this table are specific to ensuring the safe use of anticoagulants (e.g., through patient
education or laboratory monitoring). Measures related to ensuring that anticoagulants are prescribed for certain indications
(e.g., receipt of VTE prophylaxis, anticoagulation therapy for AF at discharge) are not shown here.

Abbreviations: INR = international normalized ratio; PT = prothrombin time; UFH = unfractionated heparin;
VTE = venous thromboembolism
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Federal partners should address economic barriers to uptake of evidence-based
anticoagulation ADE prevention strategies.
Improved and consistent utilization of evidence-based anticoagulation strategies (e.g., anticoagulation

clinics, warfarin PST/PSM) will require considerations related to restructuring payment or coverage.
Current economic barriers can be considered as falling into three broad categories: (1) limits on direct
payment to nonphysician providers (i.e., pharmacists), who are the primary providers currently
delivering care in anticoagulation clinics; (2) limits on physician billing for anticoagulation management

services; and (3) challenges in the reimbursement structure for PST/PSM-based strategies.

Limits on direct payment to nonphysician providers (i.e., pharmacists) pose a serious challenge to wider
provision of anticoagulation clinic services. Currently under Medicare Part B, pharmacists are
considered “non-advanced practice staff” whose services are charged on the physician’s bill for
provision of “supporting services” in physicians’ offices. Pharmacists, in collaboration with physicians,
can only report medically necessary evaluation and management (E/M) services associated with
managing anticoagulation therapy using “incident-to” Current Procedural Terminology (CPT) code
99211, when appropriate [137, 138]. CPT code 99211 is defined as “an office or other outpatient visit
service rendered for the evaluation and management of an established patient, whose nature of
presenting problem is ‘minimal,” where at least 5 minutes of time is spent performing/supervising such
services, and which does not require the presence of a physician.” This code can be limiting in that,
despite providing a comprehensive patient evaluation and obtaining the clinical specimen (phlebotomy
or finger stick), there may be limitations on the use of the billing code in the absence of such factors as
adjustment of drug dosage, new medical co-morbidities, or dietary change [137]. Overcoming barriers
related to achieving health care provider status for pharmacists in order to facilitate improved
integration of anticoagulation clinic services in the delivery of day-to-day patient care will be critical in
strategies aimed at anticoagulant ADE prevention. Nevertheless, this specific barrier is beyond the
scope of the ADE Action Plan and is better addressed by other key organizations, such as the American
Pharmacists Association (APhA). The APhA has identified increasing the value recognition and
compensation for pharmacists’ clinical services as one of its top strategic priorities [139]. Other groups

are also actively working to advance the recognition of pharmacists as health care providers [140].

There are high overhead costs associated with maintaining anticoagulation clinic services; this also
serves as a barrier to more widespread adoption of anticoagulation clinic services. Limits on physician

billing for these services also may be a barrier to more widespread adoption. Overhead costs impede
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individual or small groups of physician providers (who are not part of an integrated health care system
and cannot realize the direct cost savings through reductions in emergency department visits or
hospitalizations) from initiating and maintaining coordinated anticoagulation clinic services. Currently,
providers are limited to seeking reimbursement for PT/INR tests performed, and anticoagulation
management services, including those provided via telephone calls (e.g., to report results of INR tests,
provide patient education, explain changes in medication dosages), are not directly reimbursable. In the
future, it may be necessary to explore whether the currently existing provider payment structure for
outpatient anticoagulation-related visits fully captures the minimum services that are medically
necessary to ensure optimal anticoagulation management, including all the processes of care required

to minimize or prevent anticoagulant ADEs.

Improving access to point-of-care (POC) device testing in patients for whom warfarin PST/PSM is
appropriate will also be important in overcoming current barriers to utilization of these particular
anticoagulation management strategies [109, 141]. Several areas are amenable to exploration. These
include: reevaluation of the adequacy of reimbursement rates for POC testing; minimizing delays in
providers’ being able to initiate PST/PSM for patients; clearly identifying patient populations for whom
PST/PSM are the preferred management modalities (e.g., frail elderly and those residing in LTC facilities
who may have physical barriers to accessing anticoagulation clinic services), and removing penalties or
restrictions to their ability to access such care; resolving discordance in Medicaid reimbursement rates
relative to Medicare rates for PST/PSM; and exploring the role of reimbursement for telephone-based

management of patients using PST [109].

Moving forward, it will be important to address the aforementioned economic barriers so as to facilitate

advancement of evidence-based ADE prevention strategies for warfarin and NOACs.

Health Information Technology (Health IT)

Limitations in the current health information exchange infrastructure, including lack of
interoperability, serve as barriers to anticoagulant ADE prevention efforts.
Electronic exchange of health information, such as laboratory results and care (e.g., discharge)

summaries, has been identified as a critical component of delivering optimal patient care; however,
several barriers remain in health information exchange infrastructure [142]. For anticoagulation
management specifically, improving bidirectional communication among multiple health care providers

caring for the same patient may have a very important role in improving care transitions for patients,
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especially those most vulnerable to anticoagulant ADEs (e.g., patients undergoing transitions across
health care settings) [79, 143]. Health information exchange, as it relates to interoperability between
pharmacy and laboratory systems, also affects safe delivery of anticoagulation. In spite of the
recognition that enhanced laboratory—pharmacy linkages are key to improving the safety of medications
such as anticoagulants [144], challenges remains in the ability of diverse EHR products to exchange this
information so as to allow for delivery of more coordinated, effective, and efficient care [145]. Moving
forward, policies and standards that better facilitate health information exchange will also facilitate

improvement in care delivery, as it pertains to high-risk medications such as anticoagulants.

Opportunities to leverage EHR Meaningful Use requirements to advance anticoagulant
ADE prevention should be considered.
During development of the ADE Action Plan, the FIWs for ADEs recognized the importance of health care

quality measures in helping to advance ADE prevention efforts. In order to leverage the valuable
interagency collaborations brought about during development of the ADE Action Plan, the FIW for
Anticoagulant ADEs discussed and identified various health care quality measure considerations specific
to anticoagulant ADE prevention and monitoring that were potentially amenable for incorporation into
the EHR-based quality measure strategies. The FIW recommended a set of measure considerations
(Table 6) to the Quality Measures Workgroup of the Health Information Technology Policy Committee.
That committee, convened by the ONC, makes recommendations for candidate measures for the Stage
3 EHR MU requirements of the Medicare and Medicaid EHR Incentive Program. This will support and
advance anticoagulant ADE prevention and monitoring. In making its recommendations, the FIW for
Anticoagulant ADEs chose to recommend metrics based on clinical quality measures that were already in
existence, had been endorsed nationally, and had previously undergone a critical review process, or
metrics that closely mirrored processes or outcomes outlined by nationally recognized clinical
guidelines. After initial recommendation, measures under consideration are submitted to CMS for
further reviews, development, and testing. Final measure acceptance is dependent on rigorous and

complete internal and external public reviews.

National Action Plan for Adverse Drug Event Prevention | 81



Section 5 | Anticoagulants

Table 6. Measure Considerations for EHR (Stage 3) Meaningful Use Requirements That Can Potentially
Advance Anticoagulant ADE Prevention, as Proposed by the Federal Interagency Workgroup for ADEs

Metric

Description and Justification

Clinical Quality Measure
Concepts—Eligible Providers
(Outpatient Settings)

1. Percent of patients on
anticoagulants with INR test 7
to 14 days following out-of-
range INR

Proportion of patients

= With nonvalvular AF

= On chronic warfarin therapy for >180 days before the start and during the
measurement period

= With previously stable therapeutic INRs, who had an INR test 7 to 14 days
after presenting with a single out-of-range INR below or above
therapeutic during the measurement period

Rationale

= Anticoagulation control, as measured by TTR, is improved by prompt,
repeat testing after out-of-range INR values [146, 147]

= NQF Measure 0555 (see Table 5)

Clinical Decision Support (CDS)
Rule Concepts—Eligible Providers
(Outpatient Settings)

2. INR Retesting Evaluation

Clinical notification to assess need for INR test in patients on chronic
warfarin therapy (>180 days) and >30 days since last INR test*

Rationale

= NQF Measure 0555 (see Table 5)

= 2012 ACCP (Chest) Guidelines—Recommendation 3.1: For patients taking
VKA therapy with consistently stable INRs...[recommend] INR testing
frequency of up to 12 weeks (Grade 2B). Stable INRs are defined as at
least 3 months of consistent results with no need to adjust VKA dosing.
When adjustments to the VKA dose are required, a cycle of more
frequent INR monitoring should be completed until a consistent pattern
of stable therapeutic INRs can be reestablished [4].

3. INR Testing—Interacting Anti-
infective Medication

Clinical notification in patients on chronic warfarin therapy (>180 days) for
whom treatment with interacting anti-infective medication is initiated to
take one of the following actions: Instruct patients to hold warfarin dose,
change anti-infective medication, notify anticoagulation provider, schedule
INR retest.

Recommendation—Eligible
Providers (Outpatient Settings)

Rationale = NQF Measure 0556 (see Table 5)
= 2012 ACCP (Chest) Guidelines—Recommendation 3.8: For patients taking
VKAs avoid concomitant treatment with certain antibiotics (Grade 2C) [4]
Patient List

4. Last INR Test

= Patient lists stratified by INR testing interval/time since last INR test (30
days, 60 days, 90 days, >90 days)

Rationale

= NQF Measure 0555 (see Table 5)

= 2012 ACCP (Chest) Guidelines—Recommendation 3.1: For patients taking
VKA therapy with consistently stable INRs...[recommend] INR testing
frequency of up to 12 weeks (Grade 2B) [4]
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Table 6. Measure Considerations for EHR (Stage 3) Meaningful Use Requirements That Can Potentially
Advance Anticoagulant ADE Prevention, as Proposed by the Federal Interagency Workgroup for ADEs
(continued)

Metric Description and Justification

EHR Functionality/Usability
Recommendation—Eligible
Hospitals (Inpatient Settings)

5. Inpatient Electronic EHRs should have the capacity to display linked pharmacy and laboratory
Anticoagulation Management data pertinent to anticoagulation management. An inpatient electronic
Flowsheet anticoagulation management flowsheet should display necessary data

elements

= |n one location
= |n an easily accessible format
= As near real-time as possible

Abbreviations: ACCP = American College of Chest Physicians; AF = atrial fibrillation; EHR= electronic health record; INR =
international normalized ratio; NQF = National Quality Forum; TTR = time in therapeutic range; VKA = vitamin K antagonist (i.e.,
warfarin)

*Interval chosen to reflect that some patients may continue to be candidates for more frequent monitoring than every 12
weeks

Federal partners should continue to explore health care quality measures that target
optimizing anticoagulation management.
The FIW for Anticoagulant ADEs considered additional metrics in its discussions and articulated areas

where there are current gaps in national health care quality measures or EHR requirements as they
pertain to anticoagulation safety (Table 7). Some of these measure concepts can be operationalized
using non-EHR-based approaches; however, wherever feasible, development of these types of measures
with the intent of future adoption by EHRs (including e-prescribing and clinical decision support tools)
likely presents the most efficient and forward approach to measurement and minimizes reporting
burden for health systems and providers. Health care quality metrics that can potentially be further

developed and evaluated as discussed by the FIW included

e Dosing decision support tool for patients receiving chronic warfarin therapy who are not
enrolled in a systematic and coordinated anticoagulation management program (e.g.,

anticoagulation clinic)

e Followup on individual time in therapeutic range (iTTR) <65 percent for patients receiving

chronic warfarin therapy

e Identification of patients with increased risk for anticoagulant-related bleeding who require
more frequent monitoring (e.g., HAS-BLED [hypertension, abnormal renal/liver function, stroke,

bleeding history or predisposition, labile INR, elderly, drugs/alcohol concomitantly] score >3)
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e Appropriate dosing (and if applicable in the future, laboratory outcomes) of NOACs

e Appropriate dosing of and laboratory outcomes for parenterally administered anticoagulant, in

addition to low-molecular-weight heparin (e.g., UFH, argatroban)

e Metrics targeting clinical outcomes (e.g., bleeding events) versus limited to process measures

e Metrics targeting transitions of care-based measures (e.g., hospital followup with ambulatory

care providers on discharge)

Table 7. Possible Areas for Health Care Quality Measure Concept Development Related to
Anticoagulant ADE Prevention and Current Barriers to Development

Measure Concept Current Barriers to Development

NOACs
= Dosing, adherence, and transitions among older and
newer agents

Evolving and early science
Lack of well-established laboratory markers for safety/
effectiveness (e.g., laboratory monitoring parameters)

Parenterally administered anticoagulants (hospital
uses of anticoagulants)
= Pertinent laboratory monitoring parameters

Lack of consensus and/or uniformity across sites as to
what constitutes optimal process measures (e.g.,
interfacility variations in target aPTTs)

Outcomes-based metrics
= Bleeding events

Quality of diagnostic and procedural coding for
capturing anticoagulant-related bleeding events poorly
explored to date

Care transitions-related metrics

Associated with complex, difficult-to-measure process
metrics (e.g., hand-offs, communication between
inpatient and outpatient providers)

Abbreviations:
anticoagulant

Research (Unanswered Questions)

ADE = adverse drug event; aPTT = activated partial thromboplastin time; NOAC = new oral

As anticoagulation management practices evolve and new anticoagulant agents are introduced into

clinical

anticoagulation safety and for which Federal resources could be leveraged.

guestions are summarized in Figure 12.

practice, there are research opportunities that can potentially advance the field of

These unanswered

Unanswered questions remain regarding the most efficient ways of identifying patients
at highest risk for anticoagulant-related bleeding.
One area of future research that Federal partners may be able to support relates to the need to identify

the impact of and reduce bleed rates in patients with underlying pathological lesions who are especially

predisposed to bleed. This research could entail better evaluating strategies that facilitate selection of
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the appropriate anticoagulation treatment, given the patient’s history, or more efficiently identifying
and implementing early preemptive treatment (e.g., colonoscopic polypectomy for patients with
colorectal polyps, proton pump inhibitor therapy for patients with peptic ulcers). This research would
comport with evaluation of strategies aimed at better understanding factors that contribute to
anticoagulant-related bleeding risk (e.g., drug—drug interactions, concomitant use of antiplatelet drugs,

and genomic polymorphisms).

Further research and real-world experience with NOACs are needed.
Clinical trials take place in controlled conditions and often exclude patient populations at highest risk

for ADEs (e.g., older adults, children, pregnant women, patients with hepatic and renal insufficiency).
This is also largely true for clinical trials that have been carried out to date for NOACs; for this reason,
the safety and efficacy of NOACs in real-world settings requires further exploration. It will be
important for Federal partners to support research that furthers development of the evidence base in
key areas of NOAC management and safety, including (1) monitoring and assessing patients for
medication adherence, which is critical for ensuring optimal anticoagulation control with the NOACs,
given their short half-lives; (2) patient-centered approaches to selection of NOACs that balance an
individual patient’s risk of thromboembolism with the risk of bleeding and take into account the
differences among these agents in their efficacy and safety profiles; (3) development, use, and
interpretation of potential laboratory markers for NOACs; and (4) development and dissemination of
effective strategies for reversal of major or life-threatening bleeding associated with NOACs. Cost-
effectiveness studies comparing NOACs to warfarin will also be important [148, 149]. Future economic
analyses should take into account factors relating to the real-world application of these agents,
including medication adherence; special populations; level of anticoagulation control for warfarin, as
measured by TTR; and costs of anticoagulation services. For the first time in more than 5 decades,
health care providers are now faced with a multitude of medication choices for oral anticoagulation.
Additional research is needed to assist providers in identifying appropriate candidates to initiate or
transition to these new agents, taking into account a variety of patient-related factors, including
indication for anticoagulation therapy, INR stability, geographical access to laboratory INR monitoring,

history of medication nonadherence, co-morbid conditions, and concomitant drugs [22].

Advancing anticoagulant ADE prevention efforts will require that Federal partners
address emerging issues associated with safe use of NOACs.
Although the introduction of NOACs represents a significant advancement in the management of

thromboembolic disease, there are a number of challenges in use of NOACS, including: a lack of well-
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established reversal strategies in the event of toxicity; the unclear role of clinical laboratory assays to
monitor levels of effectiveness or safety (e.g., in the event of thromboembolic or hemorrhagic events,
prior to invasive procedures, in the presence of interacting drugs or declining renal function); as well as
lack of health care provider familiarity with their use [22]. In addition, much remains to be learned
about NOACs in relation to their use in real-world scenarios (e.g., dosing in organ dysfunction, impact of
drug—drug interactions). There appear to be two primary areas in which Federal partners could engage
private sector stakeholders to facilitate ADE prevention strategies in relation to NOACs. First,
Federal/private collaboration may be important for developing algorithms to facilitate selection of the
optimal NOAC according to individualized, patient-centered, risk—benefit assessments (e.g., history of
previous exposure to anticoagulants, history of INR stability, co-morbidities, concomitant medications,
pharmacogenomics, costs, or clinical laboratory test results). Collaboration also could facilitate the
development of consensus guidelines/tools that define the care processes that constitute high quality of
care or adequate “monitoring” of NOACs. Second, Federal partners may be able to leverage the
resources of organizations, such as the North American Specialized Coagulation Laboratory Association
(NASCOLA) [150], to develop and disseminate clinical guidance for providers regarding appropriate use
of laboratory monitoring parameters to monitor NOAC effectiveness and safety. Other research
opportunities in the area of advancing NOAC safety include

e Management of severe bleeding episodes (e.g., reversal protocols)

e Periprocedural management medication interruptions for surgical or invasive procedures

e Transitions among older and newer agents.

With regard to pharmacogenomic testing, there may be value in identifying patients who are at
highest risk for anticoagulant-related harms from the various NOACs [117]. Identifying these patients
would be especially important, given the lack of routine bedside clinical and laboratory monitoring
capacity that is currently available for these agents and the need to aid providers to the fullest extent

possible in selecting the agents most appropriate for their patient(s).
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Figure 12. Federal Interagency Workgroup Recommendations for Actions That Can Potentially
Advance Research Strategies for Anticoagulant ADE Prevention

Actions That Can Potentially Advance Research Areas for
Anticoagulation Safety

Clinical Science Domain
(AHRQ, CDC, FDA, public—private sector collaborations)
e |dentify barriers to utilization of anticoagulation clinic services and warfarin PST/PSM

utilization.

e |dentify factors that facilitate broader uptake of evidence-based anticoagulant ADE
prevention strategies.

e |dentify factors that contribute to interclinic variability among anticoagulation clinic
services (e.g., differences in patient risk profiles, targeting of excessively narrow INR
target ranges).

e Support development of tools that facilitate optimal real-world management of
bleeding events related to NOACs, including development of algorithms to facilitate
selection of the optimal anticoagulant agent according to individualized, patient-
centered risk-benefit assessments (e.g., history of previous exposure to
anticoagulants, co-morbidities, concomitant medications, pharmacogenomics, costs,
clinical laboratory test results).

Laboratory/Bench-top Science Domain

(CDC, NIH, public—private sector collaborations)

e Support development and improvement of laboratory assays for NOACs (including
monitoring levels of anticoagulation, predicting effectiveness/risk).

e |dentify any remaining or new areas where pharmacogenomics-guided
anticoagulation management may be useful, including those pertinent to NOACs.

Education Domain

e Support development and evaluation of educational tools and programs related to
high-quality anticoagulation management for patients, caregivers, and health care
providers.

Abbreviations: ADE = adverse drug event; INR = international normalized ratio; NOAC = new oral anticoagulant;
PSM = patient self-management; PST = patient self-testing

National Action Plan for Adverse Drug Event Prevention | 87



Section 5 | Anticoagulants

References

10.

11.

12.

13.

Lloyd-Jones D, Adams RJ, Brown TM, Carnethon M, Dai S, De Simone G, et al. Executive
summary: heart disease and stroke statistics--2010 update: a report from the American Heart
Association. Circulation. 2010;121(7): 948-54.

Heit JA. The epidemiology of venous thromboembolism in the community. Arterioscler Thromb
Vasc Biol. 2008;28(3):370-2.

Mahan CE, Borrego ME, Woersching AL, Federici R, Downey R, Tiongson J, et al. Venous
thromboembolism:  annualised United States models for total, hospital-acquired and
preventable costs utilising long-term attack rates. Thromb Haemost. 2012;108(2):291-302.

Holbrook A, Schulman S, Witt DM, Vandvik PO, Fish J, Kovacs MJ, et al. Evidence-based
management of anticoagulant therapy: Antithrombotic Therapy and Prevention of Thrombosis,
9th ed: American College of Chest Physicians Evidence-Based Clinical Practice Guidelines.
Chest. 2012;141(2 Suppl):e1525-84S.

Wysowski DK, Nourjah P, Swartz L. Bleeding complications with warfarin use: a prevalent
adverse effect resulting in regulatory action. Arch Intern Med. 2007;167(13):1414-9.

Raji MA, Lowery M, Lin YL, Kuo YF, Baillargeon J, Goodwin JS. National utilization patterns of
warfarin use in older patients with atrial fibrillation: a population-based study of Medicare Part
D beneficiaries. Ann Pharmacother. 2013;47(1):35-42.

Kirley K, Qato DM, Kornfield R, Stafford RS, Alexander GC. National trends in oral anticoagulant
use in the United States, 2007 to 2011. Circ Cardiovasc Qual Outcomes. 2012;5(5):615-21.

Shehab N, Sperling LS, Kegler SR, Budnitz DS. National estimates of emergency department
visits for hemorrhage-related adverse events from clopidogrel plus aspirin and from warfarin.
Arch Intern Med. 2010;170(21):1926-33.

Budnitz DS, Lovegrove MC, Shehab N, Richards CL. Emergency hospitalizations for adverse drug
events in older Americans. N EnglJ Med. 2011;365(21):2002-12.

Zareh M, Davis A, Henderson S. Reversal of warfarin-induced hemorrhage in the emergency
department. WestJ Emerg Med. 2011;12(4):386-92.

Landefeld CS, Beyth RJ. Anticoagulant-related bleeding: clinical epidemiology, prediction, and
prevention. Am J Med. 1993;95(3):315-28

Miller CS, Grandi SM, Shimony A, Filion KB, Eisenberg MJ. Meta-analysis of efficacy and safety of
new oral anticoagulants (dabigatran, rivaroxaban, apixaban) versus warfarin in patients with
atrial fibrillation. Am J Cardiol. 2012;110(3):453-60.

Capodanno D, Capranzano P, Giacchi G, Calvi V, Tamburino C. Novel oral anticoagulants versus
warfarin in non-valvular atrial fibrillation: a meta-analysis of 50,578 patients. Int J Cardiol.
2013;167(4):1237-41.

National Action Plan for Adverse Drug Event Prevention | 88



Section 5 | Anticoagulants

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Dogliotti A, Paolasso E, Giugliano RP. Novel oral anticoagulants in atrial fibrillation: a meta-
analysis of large, randomized, controlled trials vs warfarin. Clin Cardiol. 2013;36(2):61-7.

Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekowitz MD, et al.
Comparison of the efficacy and safety of new oral anticoagulants with warfarin in patients with
atrial fibrillation: a meta-analysis of randomised trials. Lancet. 2014;383(9921):955-62.

Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD, Halperin JL, et al. Edoxaban versus
warfarin in patients with atrial fibrillation. N EnglJ Med. 2013;369(22):2093-104.

Schulman S, Kearon C, Kakkar AK, Mismetti P, Schellong S, Eriksson H, et al. Dabigatran versus
warfarin in the treatment of acute venous thromboembolism. N Engl J Med.
2009;361(24):2342-52.

Buller HR, Prins MH, Lensin AW, Décousus H, Jacobson BF, Minar E, et al. Oral rivaroxaban for
the treatment of symptomatic pulmonary embolism. N EnglJ Med. 2012;366(14):1287-97.

Agnelli G, Buller HR, Cohen A, Curto M, Gallus AS, Johnson M, et al. Oral apixaban for the
treatment of acute venous thromboembolism. N EnglJ Med. 2013;369(9):799-808.

Biller HR, Décousus H, Grosso MA, Mercuri M, Middeldorp S, Prins MH, et al. Edoxaban versus
warfarin for the treatment of symptomatic venous thromboembolism. N Engl J Med.
2013;369(15):1406-15.

Schulman S, Kearon C, Kakkar AK, Schellong S, Eriksson H, Baanstra D, et al. Extended use of
dabigatran, warfarin, or placebo in venous thromboembolism. N EnglJ Med. 2013;368(8):709-
18.

Ansell J. New oral anticoagulants should not be used as first-line agents to prevent
thromboembolism in patients with atrial fibrillation.  Circulation.  2012;125(1):165-70;
discussion 170.

Kim MM, Metlay J, Cohen A, Feldman H, Hennessy S, Kimmel S, et al. Hospitalization costs
associated with warfarin-related bleeding events among older community-dwelling adults.
Pharmacoepidemiol Drug Saf. 2010;19(7):731-6.

Fanikos J, Stapinski C, Koo S, Kucher N, Tsilimingras K, Goldhaber SZ. Medication errors
associated with anticoagulant therapy in the hospital. Am J Cardiol. 2004;94(4):532-5.

Fanikos J, Cina JL, Baroletti S, Fiumara K, Matta L, Goldhaber SZ. Adverse drug events in
hospitalized cardiac patients. Am J Cardiol. 2007;100(9):1465-9.

Grissinger MC, Hicks RW, Keroack MA, Marella WM, Vaida AJ. Harmful medication errors
involving unfractionated and low-molecular-weight heparin in three patient safety reporting
programs. Jt Comm J Qual Patient Saf. 2010;36(5):195-202.

Piazza G, Nguyen TN, Cios D, Labreche M, Hohlfelder B, Fanikos J, et al. Anticoagulation-
associated adverse drug events. Am J Med. 2011;124(12):1136-42.

Burnett AE, Trujillo TC. The future of inpatient anticoagulation management. J Thromb
Thrombolysis. 2013;35(3):375-86.

National Action Plan for Adverse Drug Event Prevention | 89



Section 5 | Anticoagulants

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Nutescu EA, Wittkowsky AK, Burnett A, Merli GJ, Ansell JE, Garcia DA. Delivery of optimized
inpatient anticoagulation therapy: consensus statement from the anticoagulation forum. Ann
Pharmacother. 2013;47(5):714-24.

Theodorou AA, Palmieri A, Szychowski JA, Sehman ML, Swarna V. Prescription utilization of the
oral anticoagulants. Am J Pharm Benefits. 2012;4(3):120-23.

van Walraven C, Jennings A, Oake N, Fergusson D, Forster AJ. Effect of study setting on
anticoagulation control: a systematic review and metaregression. Chest. 2006;129(5):1155-66.

Drewes HW, Lambooij MS, Baan CA, Meijboom BR, Graafmans WC, Westert GP. Needs and
barriers to improve the collaboration in oral anticoagulant therapy: a qualitative study. BMC
Cardiovasc Disord. 2011;11:76.

Ageno W, Gallus AS, Wittkowsky A, Crowther M, Hylek EM, Palareti G, et al. Oral anticoagulant
therapy: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of
Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest. 2012;141(2 Suppl):e44S-
88S.

Metlay JP, Hennessy S, Localio AR, Han X, Yang W, Cohen A, et al. Patient reported receipt of
medication instructions for warfarin is associated with reduced risk of serious bleeding events. J
Gen Intern Med. 2008;23(10):1589-94.

Chiquette E, Amato MG, Bussey HI. Comparison of an anticoagulation clinic with usual medical
care: anticoagulation control, patient outcomes, and health care costs. Arch Intern Med.
1998;158(15):1641-7.

Chamberlain MA, Sageser NA, Ruiz D. Comparison of anticoagulation clinic patient outcomes
with outcomes from traditional care in a family medicine clinic. J Am Board Fam Pract.
2001;14(1):16-21.

Rudd KM, Dier JG. Comparison of two different models of anticoagulation management services
with usual medical care. Pharmacotherapy. 2010;30(4):330-8.

Coyle D, Coyle K, Cameron C, Lee K, Kelly S, Steiner S, et al. Cost-effectiveness of new oral
anticoagulants compared with warfarin in preventing stroke and other cardiovascular events in
patients with atrial fibrillation. Value Health. 2013;16(4):498-506.

Harrington AR, Armstrong EP, Nolan PE, Jr., Malone DC. Cost-effectiveness of apixaban,
dabigatran, rivaroxaban, and warfarin for stroke prevention in atrial fibrillation. Stroke.
2013;44(6):1676-81.

Mahmoudi M, Sobieraj DM. The cost-effectiveness of oral direct factor Xa inhibitors compared
with low-molecular-weight heparin for the prevention of venous thromboembolism prophylaxis
in total hip or knee replacement surgery. Pharmacotherapy. 2013;33(12):1333-40.

Lucado J, Paez K, Elixhauser A. Medication-Related Adverse Outcomes in U.S. Hospitals and
Emergency Departments, 2008: Statistical Brief #109. Healthcare Cost and Utilization Project
(HCUP) Statistical Briefs 2011; U.S. Department of Health and Human Services, Agency for

National Action Plan for Adverse Drug Event Prevention | 90



Section 5 | Anticoagulants

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Healthcare Research and Quality, Rockville, MD. Available from: http://www.hcup-
us.ahrg.gov/reports/statbriefs/sb109.pdf.

U.S. Department of Health and Human Services, Office of Inspector General (OIG). Adverse
events in hospitals: national incidence among Medicare beneficiaries. Report No.: OEI-06-09-
0090. November 2010; Washington, DC. Available from: https://oig.hhs.gov/oei/reports/oei-
06-09-00090.pdf

Bates DW, Spell N, Cullen DJ, Burdick E, Laird N, Petersen LA, et al. The costs of adverse drug
events in hospitalized patients. Adverse Drug Events Prevention Study Group. JAMA.
1997;277(4):307-11.

Hug BL, Witkowski DJ, Sox CM, Keohane CA, Seger DL, Yoon C, et al. Adverse drug event rates in
six community hospitals and the potential impact of computerized physician order entry for
prevention. J Gen Intern Med. 2010;25(1):31-8.

Jha AK, Kuperman GJ, Rittenberg E, Teich JM, Bates DW. Identifying hospital admissions due to
adverse drug events using a computer-based monitor.  Pharmacoepidemiol Drug Saf.
2001;10(2):113-9.

McDonnell PJ, Jacobs MR. Hospital admissions resulting from preventable adverse drug
reactions. Ann Pharmacother. 2002;36(9):1331-6.

Wu WK, Pantaleo N. Evaluation of outpatient adverse drug reactions leading to hospitalization.
Am J Health Syst Pharm. 2003;60(3):253-9.

Forster AJ, Murff HJ, Peterson JF, Gandhi TK, Bates DW. Adverse drug events occurring following
hospital discharge. J Gen Intern Med. 2005;20(4):317-23.

Budnitz DS, Pollock DA, Weidenbach KN, Mendelsohn AB, Schroeder TJ, Annest JL. National
surveillance of emergency department visits for outpatient adverse drug events. JAMA.
2006;296(15):1858-66.

Budnitz DS, Shehab N, Kegler SR, Richards CL. Medication use leading to emergency department
visits for adverse drug events in older adults Ann Intern Med. 2007;147(11):755-65.

Ruiz B, Garcia M, Aguirre U, Aguirre C. Factors predicting hospital readmissions related to
adverse drug reactions. EurJ Clin Pharmacol. 2008;64(7):715-22.

Gurwitz JH, Field TS, Avorn J, McCormick D, Jain S, Eckler M, et al. Incidence and preventability
of adverse drug events in nursing homes. Am J Med. 2000;109(2):87-94.

Gurwitz JH, Field TS, Judge J, Rochon P, Harrold LR, Cadoret C, et al. The incidence of adverse
drug events in two large academic long-term care facilities. Am J Med. 2005;118(3):251-8.

Field TS, Tjia J, Mazor KM, Donovan JL, Kanaan AO, Harrold LR, et al. Randomized trial of a
warfarin communication protocol for nursing homes: an SBAR-based approach. Am J Med.
2011;124(2):179 el-7.

Gurwitz JH, Field TS, Radford MJ, Harrold LR, Becker R, Reed G, et al. The safety of warfarin
therapy in the nursing home setting. AmJ Med. 2007;120(6):539-44.

National Action Plan for Adverse Drug Event Prevention | 91



Section 5 | Anticoagulants

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Aspinall SL, Zhao X, Handler SM, Stone RA, Kosmoski JC, Libby EA, et al. The quality of warfarin
prescribing and monitoring in Veterans Affairs nursing homes. J Am Geriatr Soc.
2010;58(8):1475-80.

McCormick D, Gurwitz JH, Goldberg RJ, Becker R, Tate JP, Elwell A, et al. Prevalence and quality
of warfarin use for patients with atrial fibrillation in the long-term care setting. Arch Intern Med.
2001;161(20):2458-63

You JJ, Singer DE, Howard PA, Lane DA, Eckman MH, Fang MC, et al. Antithrombotic therapy for
atrial fibrillation: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American
College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest. 2012;141(2
Suppl):e531S-75S.

Kahn SR, Lim W, Dunn AS, Cushman M, Dentali F, Akl EA, et al. Prevention of VTE in nonsurgical
patients: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of
Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest. 2012;141(2 Suppl):e195S-
226S.

Guyatt GH, Eikelboom JW, Gould MK, Garcia DA, Crowther M, Murad MH, et al. Approach to
outcome measurement in the prevention of thrombosis in surgical and medical patients:
Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of Chest
Physicians Evidence-Based Clinical Practice Guidelines. Chest. 2012;141(2 Suppl):e1855-94S.

Gage BF, Boechler M, Doggette AL, Fortune G, Flaker GC, Rich MW, et al. Adverse outcomes and
predictors of underuse of antithrombotic therapy in medicare beneficiaries with chronic atrial
fibrillation. Stroke. 2000;31(4):822-7.

Zimetbaum PJ, Thosani A, Yu HT, Xiong Y, Lin J, Kothawala P, et al. Are atrial fibrillation patients
receiving warfarin in accordance with stroke risk? Am J Med. 2010;123(5):446-53.

Caro JJ. An economic model of stroke in atrial fibrillation: the cost of suboptimal oral
anticoagulation. Am J Manag Care. 2004;10(14 Suppl):S451-58; discussion S458-61.

Mahan CE, Holdsworth MT, Welch SM, Borrego M, Spyropoulos AC. Deep-vein thrombosis: a
United States cost model for a preventable and costly adverse event. Thromb Haemost.
2011;106(3):405-15.

Casciano JP, Dotiwala ZJ, Martin BC, Kwong WJ. The costs of warfarin underuse and
nonadherence in patients with atrial fibrillation: a commercial insurer perspective. J Manag
Care Pharm. 2013;19(4):302-16.

Chen SY, Wu N, Gulseth M, LaMori J, Bookhart BK, Boulanger L, et al. One-year adherence to
warfarin treatment for venous thromboembolism in high-risk patients and its association with
long-term risk of recurrent events. J Manag Care Pharm. 2013;19(4):291-301.

Beyth RJ, Antani MR, Covinsky KE, Miller DG, Chren MM, Quinn LM, et al. Why isn't warfarin
prescribed to patients with nonrheumatic atrial fibrillation? J Gen Intern Med. 1996;11(12):721-8.

National Action Plan for Adverse Drug Event Prevention | 92



Section 5 | Anticoagulants

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Fang MC, Panguluri P, Machtinger EL, Schillinger D. Language, literacy, and characterization of
stroke among patients taking warfarin for stroke prevention: Implications for health
communication. Patient Educ Couns. 2009;75(3):403-10.

Tully MP, Ashcroft DM, Dornan T, Lewis PJ, Taylor D, Wass V. The causes of and factors
associated with prescribing errors in hospital inpatients: a systematic review. Drug Saf.
2009;32(10):819-36.

Flaker GC, McGowan DJ, Boechler M, Fortune G, Gage B. Underutilization of antithrombotic
therapy in elderly rural patients with atrial fibrillation. Am Heart J. 1999;137(2):307-12.

Brewer T, Colditz GA. Postmarketing surveillance and adverse drug reactions: current
perspectives and future needs. JAMA. 1999;281(9):824-9.

Southworth MR, Reichman ME, Unger EF. Dabigatran and postmarketing reports of bleeding. N
EnglJ Med. 2013;368(14):1272-4.

Witt DM, Delate T, Garcia DA, Clark NP, Hylek EM, Ageno W, et al. Risk of thromboembolism,
recurrent hemorrhage, and death after warfarin therapy interruption for gastrointestinal tract
bleeding. Arch Intern Med. 2012;172(19):1484-91.

Jasuja GK, Reisman JI, Miller DR, Berlowitz DR, Hylek EM, Ash AS, et al. Identifying major
hemorrhage with automated data: results of the Veterans Affairs study to improve
anticoagulation (VARIA). Thromb Res. 2013;131(1):31-6.

Arnason T, Wells PS, van Walraven C, Forster AJ. Accuracy of coding for possible warfarin
complications in hospital discharge abstracts. Thromb Res. 2006;118(2):253-62.

Leonard CE, Haynes K, Localio AR, Hennessy S, Tjia J, Cohen A, et al. Diagnostic E-codes for
commonly used, narrow therapeutic index medications poorly predict adverse drug events. J
Clin Epidemiol. 2008;61(6):561-71.

Cunningham A, Stein CM, Chung CP, Daugherty JR, Smalley WE, Ray WA. An automated
database case definition for serious bleeding related to oral anticoagulant use.
Pharmacoepidemiol Drug Saf. 2011;20(6):560-6.

Schulman S, Kearon C. Subcommittee on Control of Anticoagulation of the Scientific and
Standardization Committee of the International Society on Thrombosis and Haemostasis.
Definition of major bleeding in clinical investigations of antihemostatic medicinal products in
non-surgical patients. J Thromb Haemost. 2005;3(4):692-4.

Wittkowsky AK. Impact of target-specific oral anticoagulants on transitions of care and
outpatient care models. J Thromb Thrombolysis. 2013;35(3):304-11.

U.S. Department of Health and Human Services, Office of the National Coordinator for Health
Information Technology. Health Information Exchange. Washington, DC. Available from:
http://www.healthit.gov/providers-professionals/health-information-exchange/hie-benefits.

Caraballo D, Spyropoulos AC, Mahan CE. Identifying, monitoring and reducing preventable
major bleeds in the hospital setting. J Thromb Thrombolysis. 2013;36(1):7-13.

National Action Plan for Adverse Drug Event Prevention | 93



Section 5 | Anticoagulants

82.

83.

84.

85.
86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

The Joint Commission. 2014 Hospital National Patient Safety Goals. October 24, 2013; Oak
Brook, IL. Available from: http://www.jointcommission.org/assets/1/6/2014 HAP NPSG E.pdf.

Institute for Safe Medication Practices. Organizations release new tools for reducing medication
errors. December 10, 2002; Horsham, PA. Available from:
http://www.ismp.org/Tools/pathways.asp.

Healthcare Facilities Accreditation Program. National Quality Forum's 34 safe practices and the
HFAP related standards. 2013; Chicago, IL. Available from:
http://www.hfap.org/pdf/patient safety.pdf.

Ng VL. Anticoagulation monitoring. Clin Lab Med. 2009;29(2):283-304.

U.S. Department of Health and Human Services, Office of the National Coordinator for Health
Information Technology. Health Information Technology Patient Safety Action and Surveillance
Plan. July 2, 2013; Washington, DC. Available from:
http://www.healthit.gov/sites/default/files/safety plan master.pdf

Anticoagulation Forum. Anticoagulation Centers of Excellence. Newton, MA. Available from:
http://excellence.acforum.org/.

Rapp D, Hendrich A, Isetts BJ. Application of a high reliability framework to anticoagulation
safety. (Unpublished manuscript).

U.S. Department of Health and Human Services, Centers for Medicare and Medicaid Services.
About the Partnership for Patients. Washington, DC. Available  from:
http://partnershipforpatients.cms.gov/about-the-
partnership/aboutthepartnershipforpatients.html.

Dager WE, Branch JM, King JH, White RH, Quan RS, Musallam NA, et al. Optimization of
inpatient warfarin therapy: impact of daily consultation by a pharmacist-managed
anticoagulation service. Ann Pharmacother. 2000;34(5):567-72.

Bond CA, Raehl CL. Pharmacist-provided anticoagulation management in United States
hospitals: death rates, length of stay, Medicare charges, bleeding complications, and
transfusions. Pharmacotherapy. 2004;24(8):953-63.

Donovan JL, Drake JA, Whittaker P, Tran MT. Pharmacy-managed anticoagulation: assessment
of in-hospital efficacy and evaluation of financial impact and community acceptance. J Thromb
Thrombolysis. 2006;22(1):23-30.

Schillig J, Kaatz S, Hudson M, Krol GD, Szandzik EG, Kalus JS. Clinical and safety impact of an
inpatient pharmacist-directed anticoagulation service. J Hosp Med. 2011;6(6):322-8.

Mardon RE, Khanna K, Sorra J, Dyer N, Famolaro T. Exploring relationships between hospital
patient safety culture and adverse events. J Patient Saf. 2010;6(4):226-32.

Institute for Healthcare Improvement. Develop a Culture of Safety. April 2011; Cambridge, MA.
Available from: http://www.ihi.org/resources/Pages/Changes/DevelopaCultureofSafety.aspx.

National Action Plan for Adverse Drug Event Prevention | 94



Section 5 | Anticoagulants

96.

97.

98.

99.

100.
101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Weaver SJ, Lubomksi LH, Wilson RF, Pfoh ER, Martinez KA, Dy SM. Promoting a culture of safety
as a patient safety strategy: a systematic review. Ann Intern Med. 2013;158(5 Pt 2):369-74.

U.S. Department of Health and Human Services, Centers for Disease Control and Prevention.
Get Smart for Healthcare: core elements of hospital antibiotic stewardship programs. Available
from: http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html.

Ansell JE, Hughes R. Evolving models of warfarin management: anticoagulation clinics, patient
self-monitoring, and patient self-management. Am Heart J. 1996;132(5):1095-100.

Nutescu EA. Anticoagulation management services: entering a new era. Pharmacotherapy.
2010;30(4):327-9.

U.S. Department of Veterans Affairs, Veterans Health Administration. Internal data, 2008.

Witt DM, Humphries TL. A retrospective evaluation of the management of excessive
anticoagulation in an established clinical pharmacy anticoagulation service compared to
traditional care. J Thromb Thrombolysis. 2003;15(2):113-8.

Bungard TJ, Gardner L, Archer SL, Hamilton P, Ritchie B, Tymchak W, et al. Evaluation of a
pharmacist-managed anticoagulation clinic: Improving patient care. Open Med. 2009;3(1):e16-
21.

Gray DR, Garabedian-Ruffalo SM, Chretien SD. Cost-justification of a clinical pharmacist-
managed anticoagulation clinic. Drug Intell Clin Pharm. 1985;19(7-8):575-80.

Hamby L, Weeks WB, Malikowski C. Complications of warfarin therapy: causes, costs, and the
role of the anticoagulation clinic. Eff Clin Pract. 2000;3(4):179-84.

Fitzmaurice DA, Blann AD, Lip GY. Bleeding risks of antithrombotic therapy. BMJ.
2002;325(7368):828-31.

Poon 10, Lal L, Brown EN, Braun UK. The impact of pharmacist-managed oral anticoagulation
therapy in older veterans. J Clin Pharm Ther. 2007;32(1):21-9.

Matchar DB, Jacobson AK, Edson RG, Lavori PW, Ansell JE, Ezekowitz MD, et al. The impact of
patient self-testing of prothrombin time for managing anticoagulation: rationale and design of
VA Cooperative Study #481--the Home INR Study (THINRS). J Thromb Thrombolysis.
2005;19(3):163-72.

Wittkowsky AK, Nutescu EA, Blackburn J, Mullins J, Hardman J, Mitchell J, et al. Outcomes of
oral anticoagulant therapy managed by telephone vs in-office visits in an anticoagulation clinic
setting. Chest. 2006;130(5):1385-9.

Bussey HI. Transforming oral anticoagulation by combining international normalized ratio (INR)
self testing and online automated management. J Thromb Thrombolysis. 2011;31(3):265-74.

Zineh |, Pacanowski M, Woodcock J. Pharmacogenetics and coumarin dosing--recalibrating
expectations. N EnglJ Med. 2013;369(24):2273-5.

National Action Plan for Adverse Drug Event Prevention | 95



Section 5 | Anticoagulants

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Anderson JL, Horne BD, Stevens SM, Grove AS, Barton S, Nicholas ZP, et al. Randomized trial of
genotype-guided versus standard warfarin dosing in patients initiating oral anticoagulation.
Circulation. 2007;116(22):2563-70.

Schelleman H, Chen J, Chen Z, Christie J, Newcomb CW, Brensinger CM, et al. Dosing algorithms
to predict warfarin maintenance dose in Caucasians and African Americans. Clin Pharmacol
Ther. 2008;84(3):332-9.

Finkelman BS, Gage BF, Johnson JA, Brensinger CM, Kimmel SE. Genetic warfarin dosing: tables
versus algorithms. J Am Coll Cardiol. 2011;57(5):612-8.

Anderson JL, Horne BD, Stevens SM, Woller SC, Samuelson KM, Mansfield JW, et al. A
randomized and clinical effectiveness trial comparing two pharmacogenetic algorithms and

standard care for individualizing warfarin dosing (CoumaGen-Il). Circulation.
2012;125(16):1997-2005.

McKinnon RA, Ward MB, Sorich MJ. A critical analysis of barriers to the clinical implementation
of pharmacogenomics. Ther Clin Risk Manag. 2007;3(5):751-9.

Ginsburg GS, Voora D. The long and winding road to warfarin pharmacogenetic testing. J Am
Coll Cardiol. 2010;55(25):2813-5.

Cavallari LH, Shin J, Perera MA. Role of pharmacogenomics in the management of traditional
and novel oral anticoagulants. Pharmacotherapy. 2011;31(12):1192-207.

Kimmel SE, French B, Kasner SE, Johnson JA, Anderson JL, Gage BF, et al. A pharmacogenetic
versus a clinical algorithm for warfarin dosing. N EnglJ Med. 2013;369(24):2283-93.

American Medical Directors Association. Long Term Care Physicians Information Tool Kit:
Antithrombotic Therapy in the Long Term Care Setting. 2012; Columbia, MD. Available from:
http://www.amda.com/resources/Itcis.cfm#LTCANT1.

Khan TI, Kamali F, Kesteven P, Avery P, Wynne H. The value of education and self-monitoring in
the management of warfarin therapy in older patients with unstable control of anticoagulation.
Br J Haematol. 2004;126(4):557-64.

Beyth RJ, Quinn L, Landefeld CS. A multicomponent intervention to prevent major bleeding
complications in older patients receiving warfarin. A randomized, controlled trial. Ann Intern
Med. 2000;133(9):687-95.

Pernod G, Labarere J, Yver J, Satger B, Allenet B, Berremili T, et al. EDUC'AVK: reduction of oral
anticoagulant-related adverse events after patient education: a prospective multicenter open
randomized study. J Gen Intern Med. 2008;23(9):1441-66.

Wilhelm SM, Petrovitch EA. Implementation of an inpatient anticoagulation teaching service:
expanding the role of pharmacy students and residents in patient education. Am J Health Syst
Pharm. 2011;68(21):2086-93.

Wong PY, Schulman S, Woodworth S, Holbrook A. Supplemental patient education for patients
taking oral anticoagulants: systematic review and meta-analysis. J Thromb Haemost.
2013;11(3):491-502.

National Action Plan for Adverse Drug Event Prevention | 96



Section 5 | Anticoagulants

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

Estrada CA, Hryniewicz MM, Higgs VB, Collins C, Byrd JC. Anticoagulant patient information
material is written at high readability levels. Stroke. 2000;31(12):2966-70.

Diamantouros A, Bartle W, Geerts W. Patient information about warfarin: an assessment of
accuracy and readability. JAMA Intern Med. 2013;173(7):582-3.

U.S. Department of Health and Human Services, Agency for Healthcare Research and Quality.
Patient safety primers: medication reconciliation.  October 2012.  Available from:
http://psnet.ahrq.gov/primer.aspx?primeriD=1 .

Walker PC, Bernstein SJ, Jones JN, Piersma J, Kim HW, Regal RE, et al. Impact of a pharmacist-
facilitated hospital discharge program: a quasi-experimental study. Arch Intern Med.
2009;169(21):2003-10.

Kripalani S, Roumie CL, Dalal AK, Cawthon C, Businger A, Eden SK, et al. Effect of a pharmacist
intervention on clinically important medication errors after hospital discharge: a randomized
trial. Ann Intern Med. 2012;157(1):1-10.

Mueller SK, Sponsler KC, Kripalani S, Schnipper JL. Hospital-based medication reconciliation
practices: a systematic review. Arch Intern Med. 2012;172(14):1057-69.

Kwan JL, Lo L, Sampson M, Shojania KG. Medication reconciliation during transitions of care as a
patient safety strategy: a systematic review. Ann Intern Med. 2013;158(5 Pt 2):397-403.

U.S. Department of Health and Human Services, Centers for Medicare and Medicaid Services.
Hospital Compare. Available from: http://www.medicare.gov/hospitalcompare/search.html

U.S. Department of Health and Human Services, Centers for Medicare and Medicaid Services.
Hospital Compare: Measures displayed on hospital compare. Available from:
http://www.medicare.gov/hospitalcompare/Data/Measures-Displayed.html

U.S. Department of Health and Human Services, Agency for Healthcare Research and Quality.
Quiality Indicators. Available from: http://www.qualityindicators.ahrg.gov/

National Quality Forum. Measures, reports and tools. Washington, DC. Available from:
https://www.qualityforum.org/Measures Reports Tools.aspx

Goldhaber Sz, Tapson VF, Committee DFS. A prospective registry of 5,451 patients with
ultrasound-confirmed deep vein thrombosis. Am J Cardiol. 2004;93(2):259-62.

American Society of Health-System Pharmacists (ASHP). ASHP Anticoagulation Report:
Reimbursement for pharmacist’'s services in a hospital-based pharmacist-managed
anticoagulation clinic. June 2009; Bethesda, MD. Available from:
http://www.ashp.org/Doclibrary/News/Pharmacist managed Anticoagulation Clinics.pdf

Roche Diagnostics Corporation. Roche CoaguChek® Systems: 2009 Medicare Reimbursement
Handbook for Healthcare Professionals. 2009; Indianapolis, IN. Available from:
http://www.poc.roche.com/en US/pdf/44156 Coag2009Handbook FINAL APPROVED.pdf

National Action Plan for Adverse Drug Event Prevention | 97



Section 5 | Anticoagulants

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

American Pharmacists Association. ‘Smart spend that pays’: APhA advances provider status
initiative. January 2013; Washington, DC. Available from:
http://www.pharmacist.com/%E2%80%98smart-spend-pays%E2%80%99-apha-advances-
provider-status-initiative.

Soman S. We petition the Obama Administration to: "Recognize pharmacists as health care
providers!". We the People: your voice in government. January 2013; Washington, DC.
Available from: http://petitions.whitehouse.gov/petition/recognize-pharmacists-health-care-
providers/3IkFWfvw

Wittkowsky AK, Sekreta CM, Nutescu EA, Ansell J. Barriers to patient self-testing of prothrombin
time: national survey of anticoagulation practitioners. Pharmacotherapy. 2005;25(2):265-9.

Williams C, Mostashari F, Mertz K, Hogin E, Atwal P. From the Office of the National
Coordinator: the strategy for advancing the exchange of health information. Health Aff
(Millwood). 2012;31(3):527-36.

Garcia DA, Lopes RD, Hylek EM. New-onset atrial fibrillation and warfarin initiation: high risk
periods and implications for new antithrombotic drugs. Thromb Haemost. 2010;104(6):1099-
105.

Schiff GD, Klass D, Peterson J, Shah G, Bates DW. Linking laboratory and pharmacy:
opportunities for reducing errors and improving care. Arch Intern Med. 2003;163(8):893-900.

U.S. Department of Health and Human Services, Office of the National Coordinator for Health
Information Technology. EHR Standards and Interoperability. Washington, DC. Available from:
http://www.healthit.gov/providers-professionals/ehr-interoperability

Rose AJ, Hylek EM, Berlowitz DR, Ash AS, Reisman JI, Ozonoff A. Prompt repeat testing after
out-of-range INR values: a quality indicator for anticoagulation care. Circ Cardiovasc Qual
Outcomes. 2011;4(3):276-82.

Schulman S, Melinyshyn A, Ennis D, Rudd-Scott L. Single-dose adjustment versus no adjustment
of warfarin in stably anticoagulated patients with an occasional international normalized ratio
(INR) out of range. Thromb Res. 2010;125(5):393-7.

Biskupiak J, Ghate SR, Jiao T, Brixner D. Cost implications of formulary decisions on oral
anticoagulants in nonvalvular atrial fibrillation. J Manag Care Pharm. 2013; 19(9): 789-98.

You JH. Novel oral anticoagulants versus warfarin therapy at various levels of anticoagulation
control in atrial fibrillation—a cost-effectivess analysis. J Gen Intern Med. 2014; 29(3): 438-46.

North American Specialized Coagulation Laborator Association (NASCOLA). About NASCOLA.
2014; Rochester, MN. Available from: http://www.nascola.org/Mission.aspx

National Action Plan for Adverse Drug Event Prevention | 98



