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Background: Hospitalization and subsequent dis-
charge home often involve discontinuity of care, mul-
tiple changes in medication regimens, and inadequate pa-
tient education, which can lead to adverse drug events
(ADEs) and avoidable health care utilization. Our ob-
jectives were to identify drug-related problems during and
after hospitalization and to determine the effect of pa-
tient counseling and follow-up by pharmacists on pre-
ventable ADFEs.

Methods: We conducted a randomized trial of 178 pa-
tients being discharged home from the general medi-
cine service at a large teaching hospital. Patients in the
intervention group received pharmacist counseling at dis-
charge and a follow-up telephone call 3 to 5 days later.
Interventions focused on clarifying medication regi-
mens; reviewing indications, directions, and potential side
effects of medications; screening for barriers to adher-
ence and early side effects; and providing patient coun-
seling and/or physician feedback when appropriate. The
primary outcome was rate of preventable ADEs.

Results: Pharmacists observed the following drug-
related problems in the intervention group: unex-
plained discrepancies between patients’ preadmission
medication regimens and discharge medication orders in
49% of patients, unexplained discrepancies between dis-
charge medication lists and postdischarge regimens in
29% of patients, and medication nonadherence in 23%.
Comparing trial outcomes 30 days after discharge, pre-
ventable ADEs were detected in 11% of patients in the
control group and 1% of patients in the intervention group
(P=.01). No differences were found between groups in
total ADEs or total health care utilization.

Conclusions: Pharmacist medication review, patient
counseling, and telephone follow-up were associated with
a lower rate of preventable ADEs 30 days after hospital
discharge. Medication discrepancies before and after dis-
charge were common targets of intervention.
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RUG-RELATED PROBLEMS
(DRPs), including treat-
ment failures and ad-
verse drug events (ADEs),
are a pervasive patient

emergency department (ED) visits and 5%
in hospital readmissions.?

Hospital pharmacists have the exper-
tise to address DRPs during and after hos-
pitalization. They can counsel patients at
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safety issue.' They are particularly com-
mon after hospitalization,” when multiple
changes to patients’ medication regimens’
may be accompanied by inadequate
patient education,® follow-up, and conti-
nuity of care.® These factors commonly re-
sult in inappropriate medication prescrib-
ing, discrepancies between prescribed and
actual regimens, poor adherence, and in-
adequate surveillance for adverse ef-
fects.”!> These problems may cause pre-
ventable ADEs and increased health care
utilization. An estimated 12% to 17% of
general medicine patients experience ADEs
after hospital discharge, more than half of
them judged preventable or ameliorable (ie,
duration or severity could have been de-
creased)®'%; 6% to 12% of ADEs result in

discharge, detect and resolve medication
discrepancies, and screen for nonadher-
ence and ADEs after discharge. Data sug-
gest that counseling patients before dis-
charge reduces medication discrepancies'”'®
and improves adherence.'™" Pharmacist fol-
low-up after discharge has mixed effects on
ED visits, hospital readmissions, and
costs,'®?! and effects of pharmacist inter-
ventions on ADEs after discharge are un-
known. The objectives of this study were
to identify DRPs during and after medical
hospitalization and to evaluate the effects
of counseling and follow-up by pharma-
cists on the rate of preventable ADEs, health
care utilization, medication nonadher-
ence, and medication discrepancies 30 days
after discharge from an acute care hospi-
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tal. We hypothesized that pharmacist interventions would
reduce the rate of preventable ADEs.

DR METHODS R

SETTING AND PARTICIPANTS

This randomized controlled trial was conducted at Brigham and
Women’s Hospital (BWH), Boston, Mass, from April 1, 2002,
through March 20, 2003.?? Eligible subjects were patients ad-
mitted to 1 of 4 teams on the general medicine service who were
being discharged home and who could be contacted 30 days
after discharge, spoke English, and were cared for by a BWH
primary care physician or internal medicine resident. Patients
provided informed written consent unless cognitively im-
paired. If impaired, they were included if they lived with some-
one who administered their medications regularly, could pro-
vide consent, and was willing to be the recipient of pharmacist
interventions. To improve the consistency of interventions, pa-
tients were enrolled when 1 of 3 study pharmacists was as-
signed to the general medicine service and available for inpa-
tient counseling (most weekdays). This study was approved by
the BWH institutional review board.

After providing consent, patients were randomized to re-
ceive usual care or the interventions described in the next sec-
tion. Randomization was by a computer-generated algorithm,
and treatment assignments, kept in sealed opaque envelopes,
were opened only after patient consent was obtained; pharma-
cists carried out enrollment and patient assignment. Although
patients and pharmacists were not blinded to the interven-
tions, outcomes were assessed by research assistants and 3 of
us (J.L.S., AK., and M.H.) blinded to treatment assignment.

Patients assigned to usual care received routine review of
medication orders by a ward-based pharmacist and medica-
tion counseling by a nurse at the time of discharge. Nursing
discharge counseling typically focused on medication direc-
tions and may have included a discussion of indications or po-
tential side effects, especially for new medications. These ses-
sions sometimes included informal medication reconciliation,
such as comparing discharge medications with those cur-
rently prescribed in the hospital.

PHARMACIST INTERVENTIONS

The pharmacist intervention on the day of discharge con-
sisted of several parts. First, discharge medication regimens were
compared with preadmission regimens and all discrepancies
were reconciled with the medical team’s help. Patients were
screened for previous DRPs, including nonadherence, lack of
efficacy, and side effects. The pharmacist reviewed the indica-
tions, directions for use, and potential adverse effects of each
discharge medication with the patient and discussed signifi-
cant findings with the medical team.

During the follow-up telephone call, the pharmacist com-
pared the patient’s self-reported medication list with the dis-
charge list, exploring any discrepancies. The pharmacist also asked
about medication adherence, possible ADEs, and adherence with
scheduled follow-up and laboratory appointments. Significant
findings were entered into the electronic medical record used
by all BWH outpatient practices and communicated to the pa-
tient’s primary care physician via a standard e-mail template.

MEASUREMENTS

For patients randomized to the intervention group, observa-
tional process-of-care measurements included frequency of vari-

ous DRPs detected by pharmacists (eg, medication nonadher-
ence, possible adverse effects) and recommended actions (eg,
changes to discharge medications) at discharge and follow-
up. All recommendations were recorded on a standardized form
and confirmed by 2 of us (J.L.S. and J.L.K.); disagreements were
resolved by consensus.

To assess the primary outcome, all patients in the trial were
contacted 30 days after discharge (+3 days) by a research as-
sistant blinded to treatment assignment. The primary out-
come was the presence of a preventable ADE in patients 30 days
after hospital discharge. Secondary outcomes were all ADEs (pre-
ventable or not), patient satisfaction, health care utilization,
medication adherence, and medication discrepancies.

Preventable ADEs were assessed with a modified version of
the method developed by Bates and colleagues® and their
group.*** Patients were asked a screening question for new or
worsening symptoms since hospital admission. In the case of
an affirmative response, follow-up questions elicited details about
these symptoms and their relation to medications. Case sum-
maries were prepared from these responses, medication lists
at admission and discharge, the hospital discharge summary,
any available outpatient visit notes, discharge summaries from
ED visits or hospital readmissions, and laboratory test results
in the month since discharge.

From these summaries, 2 of 3 physician adjudicators blinded
to treatment group independently determined whether an ADE
had occurred, using the Naranjo algorithm,” a validated scor-
ing system to assess causality. Disagreements were resolved by
consensus between the 2 adjudicators and with the third if nec-
essary. Blinded adjudicators independently evaluated ADE se-
verity, preventability, and, if not preventable, ameliorability.

For all hospital admissions or ED visits, blinded physician
adjudicators assessed any relationship to medication use or pre-
ventability. Preventable medication-related ED visits or read-
missions were considered to be preventable ADEs. If patients
could not be contacted by telephone 30 days after discharge
but had been readmitted to the hospital or visited the ED, case
summaries were prepared and ADEs assessed as described in
the preceding paragraph but without the patients’ responses.
This improved our ability to detect serious and preventable ADEs
while minimizing bias due to loss to follow-up. Because ADE
assessment without patient responses is less well established
than assessment using patient interview, all ED visits or read-
missions that were at least possibly medication related were au-
tomatically reviewed by an independent, blinded expert in drug
safety at BWH.

Satisfaction with hospitalization and discharge processes was
assessed with a standard questionnaire (Press Ganey Associ-
ates, South Bend, Ind). Health care utilization measures, in-
cluding scheduled and unscheduled office visits, urgent care
and ED visits, and hospital admissions, were assessed by sur-
vey questions and hospital administrative data. Administra-
tive data from BWH were subsequently chosen as the gold stan-
dard for hospital admission and ED visits because we found
evidence of patient underreporting and minimal evidence of
readmissions to other hospitals (ie, no hospital readmissions
and only 3 self-reported ED visits, all in the intervention group,
that could not be confirmed by BWH administrative data). Medi-
cation adherence was assessed by asking patients whether they
had taken each medication exactly as prescribed during the pre-
vious day and on how many days during the previous week.
We collected pharmacy refill data for a subset of patients who
used the hospital outpatient pharmacy, to confirm the validity
of this approach. Medication discrepancies were determined
by comparing the discharge medication regimen with the medi-
cations reported by each patient at 30 days. Differences not at-
tributable to a physician’s order or completion of a prescribed
course of treatment were considered discrepancies.

(REPRINTED) ARCH INTERN MED/VOL 166, MAR 13, 2006

566

WWW.ARCHINTERNMED.COM

©2006 American Medical Association. All rights reserved.



309 Patients Assessed
for Eligibility

131 Excluded
65 Refused Informed Consent
18 Did Not Meet Inclusion Criteria
48 Discharged Before Consent
Could Be Obtained

178 Randomized

2 Excluded After
Randomization
1 Discharged to
Rehabilitation
1 From Ineligible
Practice

92 Assigned to Intervention
91 Received Inpatient
Counseling (1 Discharged
Before Counseling)
79 Received Follow-up After
Discharge (13 Could Not
Be Contacted)

84 Assigned to Usual Care

72 Completed 30-Day Assessment
20 Lost to Follow-up
(Could Not Be Contacted)
7 Additional Patients Completed
ADE Assessment
7 ED Visits or Hospital
Readmissions

66 Completed 30-d Assessment
18 Lost to Follow-up
(Could Not Be Contacted)
7 Additional Patients Completed
ADE Assessment
7 ED Visits or Hospital
Readmissions

79 Included in Primary Analysis | | 73 Included in Primary Analysis

Figure. Flow of participants through the trial. ADE indicates adverse drug
event; ED, emergency department.

STATISTICAL ANALYSIS

Dichotomous outcomes (eg, preventable ADEs) were
assessed by Fisher exact test. Pseudocontinuous variables
such as patient satisfaction score and medication adherence
score (adherent medication days divided by all possible
medication days) were analyzed with the Wilcoxon rank
sum test. Multiple regression was not used to analyze pre-
ventable ADEs because of the small number of events and
concern for overfitting. Interrater reliability for all adjudi-
cated outcomes was assessed with the k statistic. All analyses
followed the intention-to-treat principle. The study, with 85
patients per arm, had 80% power to detect an absolute dif-
ference in preventable ADEs of 12% (13% vs 1%). Two-sided
P values less than .05 were considered significant. SAS statis-
tical software, version 8.1 (SAS Institute Inc, Cary, NC) was
used for all analyses.

— T

The study enrolled 178 patients; after 2 postrandom-
ization exclusions, 92 received pharmacist interven-
tions and 84, usual care. The Figure illustrates the
flow of subjects through the trial. Whether a prevent-
able ADE had occurred could be assessed in 152
patients (85%), including 138 who could be contacted
30 days after discharge and 14 patients who could not
but who visited the ED or were readmitted to the hos-
pital. At baseline, there were no significant differences

Table 1. Characteristics of Patients*
Pharmacist
Intervention Usual Care
Characteristic (n =92) (n = 84)
Sex, No. (%) female 62/92 (67) 55/84 (65)
Age, mean (SD), y 60.7 (17.2) 57.7 (15.9)
No. of medications at discharge, 8 (5.5-10) 8 (5-13)
median (IQR)
Hospitalized in past year, No. (%) 33/72 (46) 40/66 (61)
Charlson score, median (IQR)T 2 (1-5) 3(1-6)
Education, No. (%)
<High school graduate 13/67 (19) 7/60 (12)
High school graduate 29/67 (43) 32/60 (53)
but not college graduate
College graduate 25/67 (37) 21/60 (35)
Married or living 30/68 (44) 27/64 (42)
as if married, No. (%)
Living with someone, No. (%) 52/70 (74) 50/64 (78)
Someone to help when patient 50/72 (69) 54/66 (82)
returns home, No. (%)
Living in own home, No. (%) 57/69 (83) 51/64 (80)

Abbreviation: IQR, interquartile range.
*P>.10 for all comparisons.
tUpper estimate of patient self-reported Charlson comorbidity score.?

between patients in the 2 study arms (Table 1). The
mean age of participants was 58.4 years; 66% were
women. The median number of medications at dis-
charge was 8.

DRUG-RELATED PROBLEMS OBSERVED
IN THE INTERVENTION GROUP

During the interventions, pharmacists identified many
types of DRPs. At discharge counseling (n=91), phar-
macists discovered that the medical team had often
misunderstood the patient’s preadmission medication
regimen and carried through these inaccuracies to the
discharge medication orders. These included 34 miss-
ing medications, a different dose or frequency of a
medication in 12 cases, and a different medication in
the same class in 11 cases (Table 2); 45 patients
(49%) had 1 or more unexplained discrepancies in
their discharge medication orders. Pharmacists also
found that 15 patients (16%) admitted to having had
problems with their medication regimens before
admission, including possible side effects and difficul-
ties with adherence. Pharmacists suggested 23 changes
to discharge medications on other clinical grounds
(eg, to simplify a medical regimen or avoid a drug
interaction). Overall, pharmacists recommended 80
changes in 55 patients (60%).

During follow-up telephone calls 3 to 5 days after dis-
charge (n=79), pharmacists noted discrepancies be-
tween the discharge medication list and the patient’s re-
ported home regimen in 56 patients (71%). In 33 patients
(42%), discrepancies were accounted for by reported
changes by the patients’ physicians or were changes in
“as-needed” or over-the-counter medications only. Of
more concern were the 28 remaining discrepancies in 23
patients (29%) that remained unexplained (Table 2). Most
discrepancies involved changes in dose or frequency or
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Table 2. Drug-Related Problems Detected by Pharmacists
During Intervention
Problem No. (%)
At discharge (n = 91)
Patients with =1 unexplained discrepancy between 45 (49)
preadmission regimen and discharge medications
Previously taking medication unknown to team 34%
Previously taking different dose or frequency 12%*
Previously taking different medication in class 11*
Patients with previous problems with medications taken 15 (16)
before admission
During follow-up (n = 79)
Patients with =1 unexplained discrepancy between 23 (29)
discharge medications and reported regimen
Taking additional medication not on discharge &>
medication list
Not taking a medication on discharge medication list ~ 12*
Taking different dose or frequency 11*
Taking different medication in the same class 2
Patients with possible early medication side effects 29 (37)
Patients nonadherent to medication regimen 18 (23)
Patients with difficulty obtaining refills 14 (18)
Patients with difficulty with medication costs 9 (11)

*Total number of problems exceeds number of patients because patients
may have had more than 1 type of problem or more than 1 medication per
problem.

complete omission of a prescribed medication. In addi-
tion, possible medication side effects were noted in 37%
(29 patients), medication nonadherence in 23% (18), dif-
ficulty obtaining refills in 18% (14), and difficulty with
medication costs in 11% (9).

TRIAL RESULTS: PRIMARY
AND SECONDARY OUTCOMES

Thirty days after discharge, preventable ADEs had
occurred in 1 patient in the intervention group and 8 in
the usual-care group (1% vs 11%; P=.01; unadjusted
odds ratio, 0.10; 95% confidence interval, 0.013-0.86)
(Table 3). The rate of preventable, medication-related
ED visits or hospital readmissions was 1% in the inter-
vention group and 8% in those assigned to usual care
(P=.03). The groups did not differ significantly with
respect to total ADEs, total health care utilization,
patient satisfaction, medication adherence (Table 3), or
duration or severity of ameliorable ADEs (data not
shown). Unexplained discrepancies between discharge
medication regimens and self-reported medications 30
days after discharge were common in both control and
intervention groups (65% and 61%, respectively).

Preventable ADEs were due to a number of factors,
including discrepancies and inappropriate prescribing be-
fore discharge, as well as discrepancies, lack of medica-
tion access, nonadherence, and inadequate drug moni-
toring after discharge (see Table 4 for a description of
all preventable ADEs).

Interrater reliability for assessment of preventable ADEs
was fair (k=0.59). A validation of self-reported medica-
tion adherence with pharmacy refill rates in a sample of
patients found inflation of patient estimates by as much
as 40%, independent of treatment group.

Table 3. Primary and Secondary Study Outcomes*
Pharmacist
Intervention Usual Care P
Outcome (n =92) (n=84) Valuet
Adverse drug events, No. (%)
Al 14/79 (18) 12/73 (16)  >.99
Preventable 1/79 (1) 8/73 (11) .01
Health care utilization, No. (%)
Emergency department visit ~ 28/92 (30) 25/84 (30) >.99
or readmission
Medication related 4/92 (4) 7/84 (8) .36
Preventable medication 1/92 (1) 7/84 (8) .03
related
Patient satisfaction, No. (%)
Generalt 60/71 (85) 57/65 (88) 63
With instructions regarding 68/70 (97) 58/63 (92) A8
discharge medicationst
Unexplained medication
discrepancies, No. (%)
Medication not taken by 32/67 (48) 28/62 (45) .86
patient
Additional medication taken ~ 11/72 (15) 12/66 (18) .66
without PCP’s knowledge
Any discrepancy in dose 17/72 (24) 19/66 (29) .56
or frequency
Any medication discrepancy  44/72 (61) 43/66 (65) .72
Medication adherence
Adherence score 88.9 (0.71-1.00) 87.5 (0.73-1.00) .91
on previous day,
median (IQR)§
Nonadherent with at least 1 36/67 (54) 33/62 (53) >.99
medication, No. (%)

Abbreviations: IQR, interquartile range; PCP, primary care physician.

*Values in parentheses are percentage of patients, except where noted.

tUsing Fisher exact test for categorical variables and Wilcoxon rank sum test
for adherence score.

$Score of 4 or higher on a 5-point scale.

§0f 100, with 100 representing complete adherence with all medications.

B COMMENT Sy

Medication review, discharge counseling, and tele-
phone follow-up by pharmacists were associated with a
significantly lower rate of preventable ADEs 30 days af-
ter hospital discharge. Preventable, medication-related
ED visits and hospital readmissions were similarly re-
duced. On the other hand, no differences were seen in
total ADEs, total health care utilization, medication ad-
herence or discrepancies, or patient satisfaction. On the
basis of the drug-related problems addressed by phar-
macists and the types of preventable ADEs seen among
control patients, the lower rate of preventable ADEs in
the intervention group may have been due to resolution
of medication discrepancies and improvement in medi-
cation appropriateness before hospital discharge, and im-
proved access to medications after discharge.
Medication discrepancies (ie, differences between what
patients think they should be taking and regimens or-
dered by physicians) were common during and after hos-
pital discharge. Discrepancies differ from problems of
medication adherence (ie, differences between what pa-
tients think they should be taking and what they actu-
ally take) because the problem is one of communication
and documentation rather than patient education or mo-
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Table 4. Preventable Adverse Drug Events

History

Type of Error

misunderstanding. She was treated in the ED and discharged home.

observed for several hours, and discharged home.

her physicians could be found in the medical record.

tachycardia. The patient received a loading dose of amiodarone.

his furosemide dose before the first admission had been 160 mg bid.

withholding of furosemide.

treated, given her inhalers, and discharged home.

A patient admitted for an asthma flare was discharged home on a 7-d prednisone taper, inhaled
corticosteroids, bronchodilators, and montelukast sodium. Nine days after discharge, she presented
to the ED with increased shortness of breath. History indicated that she had been using her inhaled
corticosteroids on an as-needed basis only, not regularly as prescribed, because of a

A patient admitted with abdominal pain of unknown origin was discharged home with oxycodone
hydrochloride—acetaminophen, 1-2 tablets every 6 h as needed. She was not prescribed a stool
softener or bowel regimen at discharge. On 30-d evaluation, she reported constipation of 7-d duration.

A patient was admitted for worsening shortness of breath and weakness. Evaluation showed ischemic
heart disease, which was managed medically by changing her blood pressure regimen from
metoprolol tartrate (50 mg bid) to metoprolol succinate extended release (100 mg/d), lisinopril, and
isosorbide mononitrate. She presented to her nurse practitioner 8 d after discharge for a blood
pressure check, complaining of 3 d of scalp paresthesias and headache; her blood pressure was
markedly elevated. On questioning, she reported not taking the long-acting metoprolol prescribed at
discharge, because of a misunderstanding. She was brought to the ED, where she was treated,

A patient with a history of asthma and previous venous thromboembolism was admitted for swelling of
the left lower extremity, found not to have a deep venous thrombosis, and discharged home. She
presented to the ED 7 d after discharge complaining of shortness of breath. She reported not having
access to her albuterol and corticosteroid inhalers and, after finding the hospital pharmacy closed,
reported to the ED to obtain her medications. She was given her inhalers and discharged home.

A patient was admitted with hyponatremia and seizure after resection of a recurrent pituitary adenoma.
During the admission, her phenytoin level was noted to be low, leading to an increase in her dose at
discharge. Her phenytoin level was to be checked by a visiting nurse every day for the next 3 d and
then every 3 d afterward until stable. She was readmitted 12 d after discharge with decreased
responsiveness. Her phenytoin level was found to be supertherapeutic, and her mental status
gradually improved after reduction in the dose. No record of phenytoin levels or dose adjustments by

A patient with coronary disease and sick-sinus syndrome was admitted with melena and dizziness.
Upper and lower endoscopies did not disclose a source, her bleeding resolved, and she was
discharged home. The patient was taking amiodarone before admission, but this medication was not
prescribed during the admission or at discharge. The patient’s PCP, in discussion with her outpatient
cardiologist, restarted the amiodarone 14 d after discharge. Two days later, the patient was readmitted
with chest pain and light-headedness. Evaluation showed episodes of nonsustained ventricular

A patient with dilated cardiomyopathy was admitted with 2 wk of worsening dyspnea and diagnosed as
having decompensated congestive heart failure. He received aggressive diuresis and was discharged
home in a euvolemic state on a cardiac regimen including furosemide, 80 mg/d. Twenty days after
discharge, the patient was readmitted with a recurrent CHF exacerbation. Further history showed that

A patient with coronary artery disease and end-stage renal disease receiving hemodialysis was admitted
with 2 d of chest pressure and symptoms of congestive heart failure. The patient was treated with
diuretics, brief use of IV nitroglycerin, and dialysis and discharged home in a euvolemic state on a
regimen of furosemide, 200 mg bid. Her preadmission furosemide dosage had been 20 mg/d. She
was readmitted 2 d after discharge with a near syncopal episode at home. She was found to be 2.25
kg below her baseline weight with orthostatic hypotension. Her condition improved with 1V fluids and

A patient was admitted for an asthma flare after leaving her albuterol inhaler at work. She was treated
successfully and discharged home on a prednisone taper, bronchodilators, and an inhaled
corticosteroid. She presented again to the ED 1 d after discharge complaining of shortness of breath.
She had been unable to receive her prescriptions from the pharmacy the previous night. She was

Discrepancy after discharge

Failure to prevent predictable side effect

Discrepancy after discharge

Nonadherence, lack of medication access

Lack of therapeutic drug monitoring

Discrepancy before discharge, failure to identify
preadmission medication regimen*

Inappropriate dosing, failure to reconcile discharge
and preadmission medications

Inappropriate dosing, likely failure to reconcile
discharge and preadmission medications

Nonadherence, lack of medication access

Abbreviations: bid, twice daily; CHF, congestive heart failure; ED, emergency department; IV, intravenous; PCP, primary care physician.

*Patient in the intervention group. All other patients had been assigned to usual care.

tivation. Discrepancies have serious consequences, in-
cluding prolonged periods of overtreatment or under-
treatment. The problem has been demonstrated in recent
studies,”>?" including 2 of general medical inpatients
showing discrepancies on hospital admission in 53.6%
and 54.4% of patients,"** similar to our finding of dis-
crepancies in 49%. The magnitude of this problem is only
beginning to be appreciated and to receive attention from
health care agencies. The Joint Commission for Accredi-
tation of Healthcare Organizations is now mandating
medication reconciliation at the time of hospital admis-

sion and discharge,” although organizations are still strug-
gling with implementation issues.

Medication discrepancies probably occur for a variety
of reasons. Patients often incompletely understand their
medication regimens, especially at hospital admission, when
cognition may be impaired and medication lists, pill bottles,
and knowledgeable family members may be unavailable.
Medication information from primary care offices and com-
munity pharmacies is often unavailable, outdated, or un-
derused. When writing discharge medication orders, phy-
sicians may rely solely on the patient’s current medication
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list rather than also referring to the preadmission list. At
discharge, patients may not understand the discharge medi-
cation orders. After discharge, inaccuracies in the dis-
charge medication list, formulary restrictions, and lack of
communication among a patient’s many providers may also
contribute to the problem.

Our results, like those of others,” suggest that hos-
pital pharmacists can reconcile medication discrepan-
cies before discharge. Considering the types of prevent-
able ADEs detected in the control group, our intervention
may also have resolved discrepancies immediately after
discharge, although the discrepancy rate was similar in
the 2 groups 30 days later. The high rate of discrepan-
cies in both groups at 30 days raises the possibility that
primary care physicians or other providers actually in-
troduced new discrepancies after discharge. Similarly, our
intervention may have improved short-term access and
adherence to medications, although no differences were
found at 30 days. This finding may have been due to pa-
tients’ overreporting of adherence (of which we had evi-
dence), or to an inability of our intervention to improve
this outcome.

We found no evidence that our intervention lessened
the severity or duration of ameliorable ADEs, perhaps be-
cause 1 follow-up telephone call 3 to 5 days after dis-
charge is insufficient to detect the development of ADEs
as they arise. Our intervention did not show an effect on
total ADE rates or health care utilization, but our study
was not powered to detect such effects.

Of note, the rate of nonpreventable ADEs was actu-
ally higher in the intervention group. Besides chance
or confounding, possible reasons for this include a
higher rate of reporting due to increased knowledge
of potential side effects in the intervention group, or
an actual increase in the prevalence of these side
effects due to the power of suggestion (a variation of
the “nocebo” effect®®?!). Misclassification of prevent-
able and nonpreventable ADEs is also a possibility,
although our use of blinded, independent adjudicators
makes this less likely. Further study is needed to dis-
tinguish among these possibilities.

This study has several implications for the design
of future interventions to reduce DRPs during and
after hospitalization. First, reconciling medications at
admission and discharge, as now mandated by the
Joint Commission for Accreditation of Healthcare
Organizations, should improve patient outcomes.
Interventions should also focus on minimizing unnec-
essary changes from preadmission regimens to dis-
charge medication orders. After discharge, interven-
tions should focus on identifying discrepancies
between discharge medication orders and patients’
self-reported regimens. Additional follow-up interven-
tions may be necessary to provide sustained benefits in
medication adherence and discrepancies and improve
detection of ameliorable ADEs.

Several studies have shown that pharmacists can suc-
cessfully implement medication reconciliation, but many
hospitals may find this impossible because of the ex-
pense. Whether pharmacists need to be involved in the
entire process of medication reconciliation for every pa-
tient remains to be seen. It may be possible to design rec-

onciliation processes dependent on physicians and nurses
in most cases, using pharmacists for patients at particu-
larly high risk or when medication regimens are most in
doubt. Similarly, other components of our intervention
(patient counseling, early follow-up) might be reserved
for patients at highest risk for ADEs (eg, older patients
taking multiple medications®**).

Our study also has implications for methods used to
evaluate the impact of pharmacist interventions. To avoid
social acceptability bias in self-reported outcomes such
as adherence and discrepancies, future studies should at-
tempt to independently assess these outcomes, eg, us-
ing pill counts, pharmacy refill rates, and confirmation
of physician medication orders after discharge. Ideally,
future studies should be large enough to evaluate total
ADEs and allow for multivariable adjustment, subgroup
analyses, and economic evaluation.

The results of this study should be viewed in light of
its limitations, including single-site design, limited sample
size, and fair interrater reliability of our primary out-
come. However, all disagreements regarding prevent-
able ADEs were resolved by consensus and with the use
of a third adjudicator when necessary. Also, we cannot
exclude the possibility that our results were due to a non-
specific effect of increased patient interaction in the in-
tervention arm. However, the strong relationship be-
tween the types of actions taken by pharmacists and the
types of preventable ADEs seen in the control arm make
this unlikely.

In conclusion, pharmacist counseling and follow-up
were associated with lower rates of preventable ADE:s af-
ter discharge, likely through reduction in medication dis-
crepancies. Greater roles for pharmacists in hospital care
should be considered, especially as medication recon-
ciliation becomes mandatory. Future studies should fo-
cus on optimizing these interventions, identifying pa-
tients most likely to benefit from pharmacist involvement,
and studying and improving cost-effectiveness.

Accepted for Publication: September 20, 2005.
Correspondence: Jeffrey L. Schnipper, MD, MPH, Divi-
sion of General Medicine, Brigham and Women’s Hospi-
tal, 1620 Tremont St, Boston, MA 02120-1613 (jschnipper
@partners.org).

Author Contributions: Dr Schnipper had full access to all
the data in the study and takes responsibility for the in-
tegrity of the data and the accuracy of the data analysis.
Financial Disclosure: None.

Funding/Support: This study was supported by the Di-
vision of General Medicine at Brigham and Women’s Hos-
pital (BWH), Boston, Mass, the Fish and Anderson Funds
at BWH, and an unrestricted grant from the Merck Co
Foundation, West Point, Pa. Dr Schnipper is supported
by Mentored Clinical Scientist Development Award
HLO072806 from the National Heart, Lung, and Blood In-
stitute, Bethesda, Md.

Role of the Sponsor: The funding organizations had no
role in the design or conduct of the study; the collec-
tion, management, analysis, or interpretation of data; or
the preparation, review, or approval of the manuscript.
Previous Presentations: This study was presented in part
as a poster at the annual meetings of the Society of Gen-

(REPRINTED) ARCH INTERN MED/VOL 166, MAR 13, 2006

570

WWW.ARCHINTERNMED.COM

©2006 American Medical Association. All rights reserved.



eral Internal Medicine; May 3, 2002; Atlanta, Ga; and May
3, 2003; Vancouver, British Columbia.
Acknowledgment: We thank Carolyn Quill, Christine
Zanfini, and Jorge Alvarez for assistance with data col-
lection; Tejal Gandhi, MD, MPH, for review of medication-
related ED visits and hospital readmissions; and E. John
Orav, PhD, for statistical assistance.

0 EEEETE

10.

11.

12.

13.

14.

15.

. Manasse HR Jr. Medication use in an imperfect world: drug misadventuring as

an issue of public policy, part 2. Am J Hosp Pharm. 1989;46:1141-1152.

. Manasse HR Jr. Medication use in an imperfect world: drug misadventuring as

an issue of public policy, part 1. Am J Hosp Pharm. 1989;46:929-944.

. Johnson JA, Bootman JL. Drug-related morbidity and mortality: a cost-of-

illness model. Arch Intern Med. 1995;155:1949-1956.

. Forster AJ, Murff HJ, Peterson JF, Gandhi TK, Bates DW. The incidence and se-

verity of adverse events affecting patients after discharge from the hospital. Ann
Intern Med. 2003;138:161-167.

. Beers MH, Dang J, Hasegawa J, Tamai IY. Influence of hospitalization on drug

therapy in the elderly. J Am Geriatr Soc. 1989;37:679-683.

. Alibhai SM, Han RK, Naglie G. Medication education of acutely hospitalized older

patients. J Gen Intern Med. 1999;14:610-616.

. Calkins DR, Davis RB, Reiley P, et al. Patient-physician communication at hos-

pital discharge and patients’ understanding of the postdischarge treatment plan.
Arch Intern Med. 1997;157:1026-1030.

. Kripalani S, Phillips C, Basaviah P, Williams MV, Saint SK, Baker DW. Deficits

in information transfer from inpatient to outpatient physicians at hospital dis-
charge: a systematic review [abstract]. J Gen Intern Med. 2004;19(supp 1):
135.

. LaPointe NM, Jollis JG. Medication errors in hospitalized cardiovascular patients.

Arch Intern Med. 2003;163:1461-1466.

Omori DM, Potyk RP, Kroenke K. The adverse effects of hospitalization on drug
regimens. Arch Intern Med. 1991;151:1562-1564.

Cochrane RA, Mandal AR, Ledger-Scott M, Walker R. Changes in drug treat-
ment after discharge from hospital in geriatric patients. BMJ. 1992;305:
694-696.

Beers MH, Munekata M, Storrie M. The accuracy of medication histories in
the hospital medical records of elderly persons. J Am Geriatr Soc. 1990;38:
1183-1187.

Cornish PL, Knowles SR, Marchesano R, et al. Unintended medication discrep-
ancies at the time of hospital admission. Arch Intern Med. 2005;165:424-429.

Sackett DL, Snow JC. Compliance in Health Care. Baltimore, Md: Johns Hopkins
University Press; 1979.

Rozich JD, Howard RJ, Justeson JM, Macken PD, Lindsay ME, Resar RK. Stan-
dardization as a mechanism to improve safety in health care. Jt Comm J Qual
Saf. 2004;30:5-14.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

. Forster AJ, Clark HD, Menard A, et al. Adverse events among medical patients

after discharge from hospital. CMAJ. 2004;170:345-349.

. Smith L, McGowan L, Moss-Barclay G, Wheater J, Knass D, Chrystyn H. An in-

vestigation of hospital generated pharmaceutical care when patients are dis-
charged home from hospital. Br J Clin Pharmacol. 1997;44:163-165.

. Al-Rashed SA, Wright DJ, Roebuck N, Sunter W, Chrystyn H. The value of inpa-

tient pharmaceutical counseling to elderly patients prior to discharge. BrJ Clin
Pharmacol. 2002;54:657-664.

. Lipton HL, Bird JA. The impact of clinical pharmacists’ consultations on geri-

atric patients’ compliance and medical care use: a randomized controlled trial.
Gerontologist. 1994;34:307-315.

Nazareth [, Burton A, Shulman S, Smith P, Haines A, Timberal H. A pharmacy
discharge plan for hospitalized elderly patients—a randomized controlled trial.
Age Ageing. 2001;30:33-40.

Dudas V, Bookwalter T, Kerr KM, Pantilat SZ. The impact of follow-up telephone
calls to patients after hospitalization. Am J Med. 2001;111:26S-30S.
Schnipper JL, Kirwin JL, Cotugno MG, et al. The effect of pharmacist counseling
and follow-up on patient outcomes following hospital discharge. Paper pre-
sented at: Society of General Internal Medicine Annual Meeting; May 3, 2003;
Vancouver, British Columbia.

Bates DW, Cullen DJ, Laird N, et al; ADE Prevention Study Group. Incidence of
adverse drug events and potential adverse drug events: implications for prevention.
JAMA. 1995;274:29-34.

Gandhi TK, Weingart SN, Borus J, et al. Adverse drug events in ambulatory care.
N Engl J Med. 2003;348:1556-1564.

Leape LL, Brennan TA, Laird N, et al. The nature of adverse events in hospital-
ized patients: results of the Harvard Medical Practice Study II. N Engl J Med. 1991;
324:377-384.

Katz JN, Chang LC, Sangha O, Fossel AH, Bates DW. Can comorbidity be mea-
sured by questionnaire rather than medical record review? Med Care. 1996;
34:73-84.

Lau HS, Florax C, Porsius AJ, De Boer A. The completeness of medication his-
tories in hospital medical records of patients admitted to general internal medi-
cine wards. BrJ Clin Pharmacol. 2000;49:597-603.

Gleason KM, Groszek JM, Sullivan C, Rooney D, Barnard C, Noskin GA. Recon-
ciliation of discrepancies in medication histories and admission orders of newly
hospitalized patients. Am J Health Syst Pharm. 2004;61:1689-1695.

Joint Commission on Accreditation of Healthcare Organizations. 2006 Critical
access hospital and hospital national patient safety goals. 2005. Available at:
http://www.jcaho.org/accredited+organizations/patient+safety/06_npsg/06_npsg
_cah_hap.htm. Accessed December 15, 2005.

Barsky AJ, Saintfort R, Rogers MP, Borus JF. Nonspecific medication side ef-
fects and the nocebo phenomenon. JAMA. 2002;287:622-627.

Hahn RA. The nocebo phenomenon: concept, evidence, and implications for pub-
lic health. Prev Med. 1997;26:607-611.

Gandhi TK, Burstin HR, Cook EF, et al. Drug complications in outpatients. J Gen
Intern Med. 2000;15:149-154.

Gray SL, Sager M, Lestico MR, Jalaluddin M. Adverse drug events in hospital-
ized elderly. J Gerontol A Biol Sci Med Sci. 1998;53:M59-M63.

(REPRINTED) ARCH INTERN MED/VOL 166, MAR 13, 2006

571

WWW.ARCHINTERNMED.COM

©2006 American Medical Association. All rights reserved.



