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Background: Most physician offices do not transmit orders for
medication discontinuation to the pharmacy, creating the potential
for errors in dispensing of previously prescribed medications. Elec-
tronic health records offer the potential to assess this patient safety
concern.

Objective: To assess the frequency of and potential patient harm
associated with pharmacy dispensing of discontinued medications in
the ambulatory setting.

Design: Retrospective cohort study.

Setting: Multispecialty group practice in eastern Massachusetts us-
ing an electronic health record.

Patients: 30 406 adult patients with an electronic discontinuation
order for antihypertensive, antiplatelet, anticoagulant, oral hypogly-
cemic, and statin medications between November 2008 and Octo-
ber 2009.

Measurements: Dispensing of discontinued medications within 12
months and associated potential patient harm.

Results: Among 83 902 targeted medications that were electroni-
cally discontinued, 1218 (1.5% [95% Cl, 1.4% to 1.5%]) were

subsequently dispensed by the pharmacy a mean of 1.0 (SD, 0.3)
time during the 12-month follow-up. Among the top 10 most
frequently electronically discontinued medications, the rate of sub-
sequent dispensing by a pharmacy ranged from 0.9% for met-
formin to 2.5% for metoprolol. Manual chart review of 416
medication-dispensing events that were predefined as high risk
according to an automated algorithm identified potential harm in
50 (12%) cases, including clinical reactions (n = 18), laboratory
abnormalities (n = 17), duplicated medication classes dispensed
(n = 8), and potential allergic reactions (n = 7).

Limitation: Information on pharmacy dispensing was available for
only 52% of medication orders.

Conclusion: The dispensing of discontinued medications represents
an important ambulatory patient safety concern. Electronic health
records should be used to facilitate better communication between
providers and pharmacies and improve medication safety.
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Medication errors represent an important ambulatory
patient safety concern. These errors result in patient
harm, ranging from mild intolerances to life-threatening
allergic reactions (1-3). Electronic health records can re-
duce such patient safety concerns by coupling electronic
medication prescribing with real-time decision support to
avoid errors related to medication dosing, medication aller-
gies, or drug—drug interactions (4, 5). These electronic
orders can also be transmitted electronically to the phar-
macy to provide seamless communication, an approach re-
quired by the newly developed meaningful-use criteria for
electronic heath records (6).

Although the process of initiating medication prescrip-
tions has been improved to ensure both patient safety and
efficiency, less attention has been paid to the process of
discontinuing medications. Physician offices do not rou-
tinely communicate medication discontinuation orders to
retail pharmacies. Patient harm is possible if pharmacies
dispense medications to patients after the physician has
discontinued them for a clinically important reason. This
phenomenon has been difficult to assess by using hand-
written prescriptions and paper medical records. However,
electronic health records allow providers to electronically
discontinue a medication within the patient chart and
therefore create the opportunity to measure the phenome-
non of errors in pharmacy dispensing of such medications.

The goal of our study was to identify the prevalence of
dispensing of medications after an electronic discontinua-
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tion order by a provider in the ambulatory setting. We
further sought to assess the associated patient harm from
such events.

METHODS
Study Setting

The study was conducted at Harvard Vanguard Med-
ical Associates (HVMA), a large multispecialty group prac-
tice consisting of 15 ambulatory health centers in eastern
Massachusetts. These clinical practices use a common elec-
tronic health record (Epic, Verona, Wisconsin) that cap-
tures clinical notes and electronic diagnosis codes, medica-
tion prescriptions, and laboratory test results. The
electronic health record facilitates electronic transmission
of new medication prescription orders to pharmacies. It
does not electronically transmit information on medication
discontinuation orders and does not transmit updates on
current medications that might facilitate medication
reconciliation.

Patient Eligibility

We included all adult patients aged 18 years or older
who had a targeted medication discontinued between 1
November 2008 and 31 October 2009 and did not have
this medication reordered within 48 hours of the original
discontinuation order. To facilitate measurement of medi-
cation dispensing, we further restricted this group to pa-
tients who had previously filled their medication prescrip-
tion at an HVMA pharmacy. Finally, we limited the scudy
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sample to patients actively receiving care at HVMA by
including only patients with an outpatient office visit at
HVMA from 1 November 2006 to 1 November 2008. In
our study sample, 48% of prescriptions were not filled at
HVMA pharmacies and were excluded from further anal-
yses. We targeted long-term—use medications with the po-
tential for significant harm when used inappropriately (2),
including antihypertensive agents, antiplatelet agents, oral
antiplatelet or anticoagulant agents, diabetic hypoglycemic
agents, and lipid-lowering agents (statins).

Patient Variables

We collected data on patient age, sex, race, and insur-
ance type from the electronic health record. We also used
electronic health record data to identfy the presence of
diabetes, cardiovascular disease, and hypertension; number
of medications on the active electronic medication list at
the time of medication discontinuation; and relevant lab-
oratory results, including serum creatinine, liver function
test results, and hemoglobin. Chronic conditions were
identified on the basis of their presence on the electronic
problem list or outpatient encounter diagnosis codes. Data
from this electronic health record system have been used in
several previous studies of quality of care and patient safety

(7-10).

Outcomes Measures

Our primary study outcome was the frequency of po-
tentially unsafe medication dispensing after electronic dis-
continuation by a physician. We defined a potentially un-
safe medication-dispensing event as a documented
pharmacy dispensing within 12 months of the provider
order to discontinue the medication in the electronic
health record, and no active medication order at the time
of dispensing. All medication-dispensing events within
HVMA pharmacies are electronically tracked by a com-
mercial system (RxEXPRESS, SXC Health Solutions,
Lisle, Illinois) and linked to the original medication order
within the HVMA electronic health record.

Our secondary outcome was potential harm associated
with the dispensing of discontinued medications, identified
by manual physician review of a targeted subset of
medication-dispensing events at higher risk for producing
adverse outcomes. High-risk medication-dispensing events
were identified through an electronic chart review during
the period of 1 month before to 6 months after the date of
medication discontinuation. The search identified cases
with a newly documented medication allergy (for all med-
ications); systolic blood pressure less than 100 mm Hg or
diastolic blood pressure less than 60 mm Hg (for antihy-
pertensive medications); or laboratory abnormalities, in-
cluding potassium level greater than 5.6 mmol/L (for
angiotensin-converting  inhibitors, angiotensin-receptor
blockers, and B-blockers), increase in creatinine level
greater than 30%, or decrease in estimated glomerular fil-
tration rate of more than 15% (for angiotensin-converting

www.annals.org

Context

Electronic health records make it possible to measure how
often a pharmacist dispenses medication after a physician
tells a patient to stop taking it but does not notify the
pharmacist.

Contribution

In this study of the most frequently prescribed medications
for ambulatory patients, researchers found that pharma-
cists dispensed discontinued medication for 1.5% of
prescriptions.

Caution

Information was available for only half the prescriptions.

Implication

Dispensing discontinued medication is a safety concern.

—The Editors

enzyme inhibitors or angiotensin-receptor blockers); so-
dium level less than 133 mmol/L, potassium level less than
3.3 mmol/L, calcium level greater than 2.60 mmol/L, uric
acid level greater than 446.14 pwmol/L, magnesium level
less than 0.75 mmol/L (for hydrochlorothiazide); creatine
kinase level greater than 348 IU/L, aspartate aminotrans-
ferase level greater than 35 IU/L, alanine aminotransferase
level greater than 40 IU/L (for statins); and international
normalized ratio greater than 4.0 (for warfarin).

Reasons for medication discontinuation were classified
by a physician chart reviewer as clinical intolerance, dose
adjustment, change to alternative medication, laboratory
abnormality, patient preference, no further clinical indica-
tion for the medication, or electronic medication list rec-
onciliation. Medication list reconciliation was character-
ized by providers removing duplicate prescriptions from
the electronic medication list that may have resulted from
previous medication refill orders or other historical medi-
cation entries. Potential harm was identified as the pres-
ence of a new laboratory abnormality potentially related to
the medication, a clinical reaction potentially related to the
medication, a duplicate medication dispensing of a similar
class (for example, 2 B-blockers dispensed concurrently), or
dispensing of a medication in the presence of a docu-
mented allergy.

Statistical Analysis

We compared sociodemographic and clinical charac-
teristics among patients who were and were not dispensed
a medication after its discontinuation using the chi-square
test for categorical variables and the # test for continuous
variables. We analyzed predictors for the dispensing of dis-
continued medications by fitting a single multivariable lo-
gistic regression model with medication dispensing as the
binary dependent variable. The primary independent vari-
ables included patient age, sex, race, and insurance type;
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Table 1. Patient Characteristics According to Whether a
Medication Was Dispensed After Discontinuation

Characteristic Discontinued  Discontinued P Value
Medication Medication Not
Dispensed Dispensed
Patients, n 1128 29278
Mean age (SD), y 67 (14) 63 (14) <0.001
Female, n (%) 581 (51) 15 812 (54) 0.098
Race, n (%) <0.001
White 710 (64) 21062 (74)
Black 239 (22) 4462 (16)
Other 155 (14) 3127 (11)
Insurance, n (%) <0.001
Medicaid 58 (5) 1354 (5)
Medicare 579 (55) 10 798 (40)
Commercial 397 (38) 14 602 (54)
Self-pay 22(2) 464 (2)
Comorbid conditions, n (%)
Coronary artery disease 260 (23) 4327 (15) <0.001
Hypertension 806 (71) 18 794 (64) <0.001
Diabetes 446 (40) 6969 (24) <0.001
Active medications, n (%) <0.001
0-5 113 (1) 6896 (24)
6-10 381 (36) 11994 (42)
11-15 291 (28) 6022 (21)
>15 273 (26) 3485 (12)
Mean dispensing events 1.0(0.3) - -

over 12 mo (SD), n

presence of comorbid conditions; number of active medi-
cations; and medication class (statin, antihypertensive
agent, oral hypoglycemic agent, and oral antiplatelet or
anticoagulant agent). We found no relationship between
provider and frequency of medications dispensed without
an order and thus did not account for potential confound-
ing by provider in the multivariable models. All analyses
were conducted by using SAS software, version 9.2 (SAS
Institute, Cary, North Carolina). The study was approved
by the Brigham and Women’s Hospital Human Research
Committee. The institutional review board waived the
need for patient informed consent.

Role of the Funding Source

Dr. Allen was funded by a National Institutes of
Health training award. The funding source played no role
in the study design, data collection, interpretation of re-
sults, or decision to publish the manuscript.

RESULTS
Patient and Medication Characteristics

We identified 83 902 unique targeted medication dis-
continuations by 1045 providers among a population of
30 406 adult patients during the 12-month study period.
We further identified 1218 (1.5% [95% CI, 1.4% to
1.5%]) medication-dispensing events to 1128 (3.7% [CI,
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3.5% to 3.9%]) patients after discontinuation of the med-
ication in the electronic health record. The number of
medication-dispensing events per provider ranged from 0
to 16, with an interquartile range of 0 to 1 and a mean of
1.2 events per provider.

Compared with patients not receiving a medication,
patients dispensed a medication after its discontinuation
were more likely to be older, black, and insured by Medi-
care (Table 1). Although lisinopril, simvastatin, and hydro-
chlorothiazide were the most commonly discontinued
medications, metoprolol and amlodipine were associated
with the highest rates of dispensing after their discontinu-
ation (Table 2).

Correlates of Dispensing a Discontinued Medication

Black race (odds ratio, 1.5 [CI, 1.3 to 1.8]), Medicaid
insurance (odds ratio, 1.4 [CI, 1.1 to 1.9]), Medicare in-
surance (odds ratio, 1.7 [CI, 1.4 to 2.1]), and an increasing
number of current medications on the electronic medica-
tion list were all significantly associated with dispensing a
discontinued medication (for full model details, see the
Appendix Table, available at www.annals.org).

Potential Harm

Among 1218 medications dispensed, 416 (34%) met
criteria for higher risk for potential adverse events on the
basis of the electronic screening algorithm (Figure). The
reasons for discontinuation identified by chart review for
these 416 cases included clinical management decisions
(69%), electronic medication list reconciliation (23%), and
no documented reason (8%). The most common clinical
management decisions included dose adjustments (7 =
136), change to alternate medication (7 = 46), and clinical
intolerance (n = 45).

Among the 416 cases that met screening criteria for
higher risk for adverse events, potential harm was identified
in 50 (12%) cases. These included a documented clinical
reaction (7 = 18), laboratory abnormality (» = 17), dupli-
cate medication dispensing (# = 8), and medication dis-
pensing in the presence of a documented allergy (z = 7)

(Table 3).

Table 2. Dispensing Rates Among Top 10 Electronically
Discontinued Medications

Medication Discontinued, n Dispensed, n (%)
Lisinopril 11358 155 (1.4)
Simvastatin 10 740 153 (1.4)
Hydrochlorothiazide 9484 110 (1.2)
Atenolol 9449 93 (1.0)
Amlodipine 4410 91 (2.1)
Metoprolol 4117 104 (2.5)
Metformin 4063 37 (0.9)
Enalapril 2996 32(1.1)
Irbesartan 2304 35 (1.5)
Warfarin 2245 37 (1.6)
www.annals.org
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Figure. |dentification of reasons for electronic discontinuation of medications detected by using manual chart review.

Medications dispensed
after electronic
discontinuation

(n =1218)

!

Chart reviews for
high-risk events
(n = 416)

Reasons for discontinuation
per chart review

! : !

Electronic medication Clinical management Reason for
list reconciliation decisions discontinuation not
(n = 96) (n = 288) documented
(n =32)

Dose adjustment: 136

Change to alternate medication: 46
Clinical intolerance: 45

No further clinical indication: 24
Patient preference: 22

Laboratory abnormality: 15

DiscussioN

Electronic health records hold great promise to im-
prove the quality and safety of health care delivery in the
ambulatory setting (11-13). There are many opportunities
to consider where the potential benefits of electronic health
records are not being fully realized, including the area of
electronic order entry and medication safety (14). We stud-
ied a mature electronic health record system with estab-
lished electronic links to a pharmacy dispensing system and
found that discontinued medications are dispensed and
that these events do result in potential harm in many cases.

We identified several patient-level factors that were as-
sociated with dispensing of discontinued medications, such
as patient race, insurance status, and increasing number of
active medications. These markers may be helpful to phy-
sicians’ offices and retail pharmacies to flag higher-risk
patients for more robust medication reconciliation
procedures.

However, despite these patient-level findings, it is
most important to recognize that the potential and realized
harm that resulted from the dispensing of discontinued
medications affected many patients. These events were
noted across all medication classes studied, with effects
ranging from relatively minor laboratory abnormalities to
clinically significant hypotension. The diverse nature of
these events suggests that a more systematic intervention is
needed to ensure that patients receive the correct medica-
tion regimens.

www.annals.org

Table 3. Cases of Potential Harm Resulting From
Dispensing of Electronically Discontinued Medications*

Adverse Event Cases, n

Clinical reaction
Hypotension
Bradycardia
Cough
Lightheadedness
Atrial flutter (from hypokalemia)
Gastrointestinal upset
Myalgia
Total

00 == =2Wwwo

iy

Laboratory abnormality
Hyponatremia
Elevated liver function test results
Hypokalemia
Hyperkalemia
Increased creatinine level
Elevated uric acid level

Total

N N0 D

=

Duplicate medication
2 statins dispensed
ACE inhibitor/ARBs dispensed
2 ACE inhibitors dispensed
2 ARBs dispensed
2 sulfonylureas dispensed
Total

0= 2N w

Documented allergy
Cough
Rash
Elevated creatine phosphokinase level
Total

N= =0,

ACE = angiotensin-converting enzyme; ARB = angiotensin-receptor blocker.
* High-risk medication dispensing events defined as cases with a newly documented
medication allergy, hypotension, or pertinent laboratory abnormalities.
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Our results build on earlier work suggesting that ad-
verse drug events do occur in the ambulatory setting (1).
Prescriptions can now be easily transmitted to pharmacies
with the click of a mouse, and medications can be discon-
tinued and removed from the medication list with a similar
click. However, there is litde tangible feedback to physi-
cians in this process to validate that a patient is following
the map laid out by this electronic trail. In fact, many
clinicians may incorrectly assume that the act of electron-
ically discontinuing a medication is automatically transmit-
ted to the pharmacy, in the same way that a new prescrip-
tion is transmitted.

Our work suggests several potential avenues for future
efforts to improve medication safety. Electronic health re-
cords offer a clear opportunity to track when a clinician
discontinues a medication, and these discontinuation or-
ders should be transmitted electronically to the retail phar-
macy. Even more broadly, electronic health records should
be used to facilitate ongoing bidirectional communication
between physician offices and retail pharmacies, ensuring
that new prescription orders are transmitted, current med-
ications are verified, and discontinued medications are re-
moved from the pharmacy list. This process will need to
account for physician use of electronic discontinuation or-
ders to facilitate reconciliation of the electronic medication
list, as we identified in our analysis. Although such com-
prehensive programs are not widely in place among either
vendor or “home-grown” electronic health records, we can
build on existing policies and technology that require and
enable the transmission of new prescription information
from physician offices to pharmacies.

There are also non—technology-based solutions to ad-
dress this important patient safety concern. New programs
that increase patient engagement in their care management
plan should include efforts to increase patient awareness of
their medication list and empower patients as advocates to
identify incorrect dispensing of medications. In addition,
reconciling medications via manual review of electronic
problem lists and verbal confirmation with patients during
every office visit is also likely to identify the use of previ-
ously discontinued medications (15).

Our study is strengthened by availability of accurate
information on both discontinuation orders and pharmacy
dispensing information. However, our conclusions should
be interpreted in the context of important limitations.
First, we could analyze care for only 52% of patients who
filled their medication prescriptions at HVMA pharmacies.
We do not know the rates of medication dispensing after
electronic discontinuation among less integrated systems
that use many commercial pharmacies. Second, we con-
ducted chart reviews for only a subset of medication-
dispensing events that were at higher risk for adverse
events. The prevalence of adverse events may be lower
among the charts not subjected to medical record review.
We also may have underestimated harm because harm and
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potential harm are difficult to assess in the outpatient set-
ting (6). Finally, we did not have detailed information on
the characteristics of the prescribing clinicians and there-
fore cannot comment on the role of clinician features in
the dispensing of medications that have been previously
discontinued.

In conclusion, it is clear that pharmacy dispensing of
medications after their discontinuation by physicians is a
real phenomenon with important clinical consequences in
the ambulatory setting. Further work should focus on eval-
uating methods of improving communication between
providers and pharmacies to better reconcile medication
lists, as well as explore strategies to improve patients’
knowledge and awareness of their medication regimen.
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Medication class
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