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Background: Medication discrepancies at care transi-
tions are common and lead to patient harm. Medication
reconciliation is a strategy to reduce this risk.

Objectives: To summarize available evidence on medi-
cation reconciliation interventions in the hospital set-
ting and to identify the most effective practices.

DataSources: MEDLINE (1966 through February 2012)
and a manual search of article bibliographies.

Study Selection: Twenty-six controlled studies.

Data Extraction: Data were extracted on study de-
sign, setting, participants, inclusion/exclusion criteria, in-
tervention components, timing, comparison group, out-
come measures, and results.

Data Synthesis: Studies were grouped by type of medi-
cation reconciliation intervention—pharmacist related,
information technology (IT), or other—and were as-
signed quality ratings using US Preventive Services Task
Force criteria.

Results: Fifteen of 26 studies reported pharmacist-
related interventions, 6 evaluated IT interventions, and

5 studied other interventions. Six studies were classi-
fied as good quality. The comparison group for all the
studies was usual care; no studies compared different types
of interventions. Studies consistently demonstrated a re-
duction in medication discrepancies (17 of 17 studies),
potential adverse drug events (5 of 6 studies), and ad-
verse drug events (2 of 2 studies) but showed an incon-
sistent reduction in postdischarge health care utiliza-
tion (improvement in 2 of 8 studies). Key aspects of
successful interventions included intensive pharmacy staff
involvement and targeting the intervention to a high-
risk patient population.

Conclusions: Rigorously designed studies comparing dif-
ferent inpatient medication reconciliation practices and
their effects on clinical outcomes are scarce. Available evi-
dence supports medication reconciliation interventions
that heavily use pharmacy staff and focus on patients at
high risk for adverse events. Higher-quality studies are
needed to determine the most effective approaches to in-
patient medication reconciliation.
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A DVERSE DRUG EVENTS

(ADEs), defined as pa-
tient injuries related to
using a drug,1 are an epi-
demic patient safety is-

sue, occurring in 5% to 40% of hospital-
ized patients and in 12% to 17% of patients
after hospital discharge.2,3 Transitions of
care, such as hospital admission and dis-
charge, contribute to ADEs in part through
medication discrepancies, that is, unex-
plained differences in documented medi-
cation regimens across different sites of
care.4,5 Medication discrepancies are com-
mon, occurring in up to 70% of patients
at hospital admission or discharge,6-10 with
almost one-third of these having the po-
tential to cause patient harm (ie, poten-
tial ADEs [PADEs]).10 ADEs associated

with medication discrepancies can pro-
long hospital stays and, in the postdis-
charge period, may lead to emergency de-
partment visits, hospital readmissions, and
use of other health care resources.11,12

Medication reconciliation is a strategy
for reducing the occurrence of medication
discrepancies that may lead to ADEs. Medi-
cation reconciliation is the “process of iden-
tifying the most accurate list of all medi-
cations a patient is taking . . . and using this
list to provide correct medications for pa-
tients anywhere within the health care sys-
tem.” 13(p1) Recognizing the potential im-
pact of properly reconciling medications
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during care transitions, in 2005 The
Joint Commission added medica-
tion reconciliation to its list of Na-
tional Patient Safety Goals.14

During the last decade, various
medication reconciliation interven-
tions have been described, but the
specific elements important to suc-
cessful efforts have not been fully ap-
preciated. We performed a system-
atic review of the literature to
summarize the available evidence on
medication reconciliation in the hos-
pital setting and to identify the most
effective practices.

METHODS

DATA SOURCES
AND SEARCHES

We initially performed a systematic
search of English-language articles pub-
lished between January 1, 1966, and Oc-
tober 31, 2010, on medication recon-
ciliation during patient hospitalization.
Using MEDLINE, we first searched a
combination of Medical Subject Head-
ings and keywords, including medica-
tion reconciliation; medication errors/
preventionandcontrol;medicationsystems,
hospital; medical records systems, com-
puterized; medication list; medication rec-
ord; and patient discharge. Second, we
searched medication reconciliation inter-

ventions combined with patient admis-
sion, and we mannually searched the ref-
erence lists for relevant articles. We later
updated the literature search through
February 29, 2012.

STUDY SELECTION

Controlled intervention studies that met
the following criteria were eligible for in-
clusion: English language, medication
reconciliation was the primary focus of
the intervention, the comparison group
was defined, the intervention was clearly
described, the intervention occurred in
the hospital during hospitalization or
transition in or out of the hospital, and
quantitative results were provided. One
reviewer (S.K.M. or K.C.S.) performed
initial independent assessments of titles
for relevance and subsequent examina-
tion of abstracts and articles for inclu-
sion, which was then verified by a sec-
ond reviewer (S.K.M. or K.C.S.).
Discrepancies were resolved by a third
reviewer (J.L.S. or S.K.).

DATA EXTRACTION

One reviewer (S.K.M.) extracted rel-
evant data from included articles, which
was then verified by 2 others (K.C.S. and
J.L.S.). Information was obtained re-
garding study design, setting, number of
participants, inclusion/exclusion crite-
ria, components of the intervention, tim-

ing of the intervention related to hospi-
tal course, comparison group, outcome
measures, and results (for the data ex-
traction tool see the eAppendix; http:
//www.archinternmed.com).

DATA SYNTHESIS
AND ANALYSIS

Studies were first grouped into the fol-
lowing 3 categories, based on the pri-
mary component of the intervention: (1)
pharmacist related, (2) information tech-
nology (IT), or (3) other type. Two au-
thors (S.K.M. and J.LS.) then collec-
tively determined 4 common types of
reported outcomes, including (1) medi-
cation discrepancies, defined as unex-
plained differences in documented medi-
cation regimens across different sites of
care; (2) PADEs, defined as medication
discrepancies with potential to cause pa-
tient harm; (3) ADEs, defined as pa-
tient injuries related to using a drug; and
(4) health care utilization, defined as
postdischarge emergency department
visits, hospital readmissions, and use of
other health care resources. Meta-
analysis was infeasible owing to hetero-
geneity in methods, interventions, and
reported outcomes. Two authors (S.K.M.
and S.K.) categorized study quality as
“good,” “fair,” or “poor” on the basis of
US Preventive Services Task Force cri-
teria15; adaptations were made for pre-
post studies.

OBSERVATIONAL
(NONCONTROLLED) STUDIES

Intervention studies that lacked a con-
trol group but otherwise met the inclu-
sion criteria were abstracted and sum-
marized in a similar manner, although
they are not the subject of this review
(eAppendix).

RESULTS

Of the 1632 articles initially identi-
fied via electronic search, 173 ab-
stracts were reviewed. A second elec-
tronic search and hand search of
references yielded an additional 57
abstracts. Of the 230 abstracts re-
viewed, 80 publications warranted
full review, and 17 of these met the
inclusion criteria. An updated search
identified 9 additional articles, for an
inclusive total of 26 studies (Figure).
Among the included articles were 10
randomized controlled trials, 3 non-
randomized trials with a concurrent
control group, and 13 pre-post stud-
ies. Fourteen of the studies were con-

Citations identified by initial
electronic search

1632

Articles excluded (based on review of title)1459

Articles excluded (based on review of abstract)150

Additional articles identified by updated search9

Articles identified by second electronic search19

Articles identified by hand search38

Citations kept (after initial
title review)

173

Abstracts reviewed230

Articles reviewed80

Articles excluded63
For no intervention24
For no control/comparison group18
For nonrelevant outcome (eg, barriers to implementation)10
For medication reconcilliation not being a central part of
the intervention

6

For not focusing on hospitalized patients3
For duplicate study population1
For non-English language1

Studies included26
Randomized controlled trials10
Nonrandomized controlled trials3
Prepost design13

Figure. Selection process for study inclusion.
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ducted in countries other than the
United States, including Canada,16,17

Australia,18,19 New Zealand,20 North-
ern Ireland,21 United Kingdom,22 Bel-
gium,23 Denmark,24 the Nether-
lands,25 and Sweden.26-29

Fifteen studies reported on phar-
mac i s t - r e l a t ed in t e rven -
tions,16-19,21,22,24-26,28-33 6 reported on
IT-focused interventions,34-39 and 5
reported on other types of interven-
tions, including educating staff about
medicationreconciliation20,40 anduse
of a standardized medication recon-
ciliation tool.23,27,41 Most studies (15
of 26) were classified as poor qual-
ity,* 5 were classified as fair qual-
ity,16,17,26,32,33 and the remaining 6
were classified as good qual-
ity.24,25,28,31,36,39 A summary of the tim-
ing and components of the inter-
ventions and study quality is given
in Table1, and the results are sum-
marized in Table 2. The compari-
son group in each study was “usual
care,” as defined in Table 1.

The 15 studies involving phar-
macist-related interventions in-
cluded diverse roles of the phar-
macy staff in the medication
reconciliation process and varied
timing of pharmacy staff involve-
ment during the patient’s hospital-
ization. Four of 15 studies were rated
as good quality (Table 1).24,25,28,31

Most of these studies involved li-
censed pharmacists, although phar-
macy residents32 and pharmacy tech-
nicians30 were also used. Most of
these interventions reduced medi-
cation discrepancies (10 of 10
studies)16-19,21,22,25,26,30,33 and PADEs
(2 of 3 studies)16,18,25 but less often
reduced preventable ADEs (1
study)31 and health care utilization
(2 of 7 studies)21,24,28,29,31-33 (Table 2).
In the larger of these last 2 studies,
Gillespie et al28 used a pharmacist to
perform medication histories and
reconciliation on hospital admis-
sion and discharge, patient and pro-
vider medication counseling dur-
ing hospitalization, communication
with the primary care physician on
discharge, and follow-up commu-
nication with the patient 2 months
after discharge. This intervention re-
duced the odds of all hospital visits
by 16% (odds ratio, 0.84; 95% CI,

0.72-0.99), including a 47% reduc-
tion in emergency department vis-
its and an 80% reduction in drug-
related readmissions in the 12
months after hospital discharge; no
difference was seen in all-cause hos-
pital readmission or mortality.28

Koehler et al32 reported on a similar
intensive intervention but used phar-
macy residents instead of licensed
pharmacists. This intervention de-
creased 30-day emergency depart-
ment visits/readmissions (10% in the
intervention group vs 38.1% in the
control group, P = .04). Common
themes of these 2 successful studies
included (1) limiting the interven-
tion to elderly patients (age �80 and
�70 years, respectively); (2) inten-
sive pharmacy staff involvement, in-
cluding medication history taking on
admission and medication recon-
ciliation on admission, during hos-
pitalization, and at discharge; (3)
communication with the primary
care physician via direct communi-
cation or use of a template; and (4)
telephone follow-up after hospital
discharge. The 5 studies that dem-
onstrated no effect on health care use
had more limited roles for the in-
tervention pharmacist21,29,31 or used
them for a more limited time dur-
ing hospitalization (eg, admission or
discharge only).24,31,33

The 6 studies that reported IT-
focused medication reconciliation in-
terventions all improved access to
electronically available sources of pre-
admission medication information,
such as ambulatory electronic medi-
cal records.34-39 These interventions
leveraged data to create a preadmis-
sion medication list and facilitated
comparison of this list with admis-
sion or discharge orders to help with
the medication reconciliation pro-
cess. Two of 6 studies were rated as
good quality.36,39 The IT-related in-
terventions reduced medication dis-
crepancies (3 of 3 studies),34,35,37

PADEs (1 of 1 study),36 and ADEs (1
of 1 study)38 but demonstrated no im-
provement/slightly increased health
care use (1 of 1 study).39 Through
implementation of an electronic
medication reconciliation tool and
process redesign, Schnipper et al36 de-
creased the average number of PADEs
(1.05 per patient in the intervention
arm vs 1.44 per patient in the con-
trol arm; relative risk, 0.72; 95% CI,

0.52-0.99). However, Showalter et al39

demonstrated that implementation of
an automated medication reconcili-
ation tool on hospital discharge that
also included autopopulation of other
discharge instructions resulted in no
difference in composite 30-day health
care use (emergency department vis-
its or readmissions) and was associ-
ated with a slight increase in 30-day
hospital readmission (11.0% after the
intervention vs 10.2% before the in-
tervention, P = .02). The authors hy-
pothesized that improving the dis-
charge instructions to inform patients
of worrisome symptoms may have led
to higher rates of subsequent (appro-
priate) readmissions.39

Of the 5 studies that described
other types of interventions, 2 pro-
vided education/feedback to staff
about medication reconciliation20,40

and 3 used a standardized medica-
tionreconciliationtool.23,27,41 Thestan-
dardized tools included a discharge
report that provided a brief hospital
summary detailing all medication
changes that occurred during hospi-
talization,27 a 6-step standardized
nursing approach to medication his-
tory taking and reconciliation on ad-
mission,41 and a standard question-
naire used by emergency department
physicians on admission.23 None of
these studies were rated as good qual-
ity. These studies demonstrated im-
provement in medication discrepan-
cies (4 of 4 studies)20,23,40,41 and in
PADEs (2 of 2 studies).20,27 For ex-
ample, Midlöv et al27 described use
of a physician-generated medica-
tion report for postdischarge provid-
ers that included a brief summary of
the hospitalization, medications on
discharge, and detailed medication
changes made during hospitaliza-
tion and reasons for those changes,
which decreased PADEs from 8.9%
before the intervention to 4.4% after
the intervention (P = .049). The in-
tervention was limited to elderly pa-
tients admitted from and returning
to a nursing home.

Of all 26 studies, 13 focused the
intervention on a high-risk sub-
group of patients. This high-risk cat-
egory was most commonly defined as
older patients, with an age thresh-
old from 55 to 80 years.18,20,21,24,26-29,32,37

Other definitions of high risk in-
cluded polypharmacy, with thresh-
olds ranging from greater than 4 to

*References 18-23, 27, 29, 30, 34, 35, 37,
38, 40, 41.
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Table 1. Timing and Components of Interventions for the 26 Included Studies

Source (Study Design)
[Participants, No.]

Timing of
Intervention Components of Intervention Control Group

USPSTF
Quality Ratinga

Pharmacist-Related Interventions
Michels and Meisel,30

2003 (pre-post)
[NR]

Preadmission
Admission

Medication history taking
Medication reconciliation

Usual care before intervention (nurse or physician
recorded home medication list, which was
used for admission orders)

Poor

Bolas et al,21 2004
(RCT) [162]

Admission
During

hospitalization
Discharge

Medication history taking
Medication reconciliation
Patient counseling
Communication with outpatient

providers

Usual care (standard clinical pharmacy service,
which did not routinely perform discharge
counseling)

Poor

Nickerson et al,17 2005
(RCT) [253]

Discharge Medication reconciliation
Patient counseling
Communication with outpatient

providers
Review appropriateness of medications

Usual care (nurse performed discharge
counseling and transcribed discharge note
from medical record)

Fair

Schnipper et al,31 2006
(RCT) [176]

Discharge Medication reconciliation
Patient counseling
Communication with outpatient

providers
Postdischarge communication with

patient

Usual care (ward-based pharmacist performed
routine review of medication orders, nurse
performed discharge counseling)

Good

Kwan et al,16 2007
(RCT) [464]

Admission Medication history taking
Medication reconciliation

Usual care (nurse conducted medication history
and surgeon-generated postoperative
medication orders)

Fair

Bergkvist et al,26 2009
(pre-post)
[115]

Admission
During

hospitalization
Discharge

Medication reconciliation
Patient counseling
Review appropriateness of medications

Usual care before intervention (standard care
without pharmacist involvement in
reconciliation or review of medications on
admission or discharge)

Fair

Gillespie et al,28 2009
(RCT) [400]

Admission
During

hospitalization
Discharge
Postdischarge

Medication history taking
Medication reconciliation
Patient counseling
Communication with outpatient

providers
Postdischarge communication with

patient

Usual care (standard care without direct
involvement of pharmacists at the ward level)

Good

Koehler et al,32 2009
(RCT) [41]

Admission
During

hospitalization
Discharge
Postdischarge

Medication history taking
Medication reconciliation
Patient counseling
Communication with outpatient

providers
Review appropriateness of medications
Postdischarge communication with

patient

Usual care (floor nursing staff performed
medication reconciliation and medication
education)

Fair

Vasileff et al,18 2009
(non-RCTb) [74]

Admission Medication history taking
Medication reconciliation

Usual care (physician obtained medication history
from patient and generated orders)

Poor

Walker et al,33 2009
(non-RCTb) [724]

Discharge
Postdischarge

Medication reconciliation
Patient counseling
Communication with outpatient

providers
Review appropriateness of medications
Postdischarge communication with

patient

Usual care (nurses provided patients with printed
list of medications and instructions at
discharge; Medicare beneficiaries received
telephone call 72 h after discharge)

Fair

Eggink et al,25 2010
(RCT) [85]

Discharge Medication reconciliation
Patient counseling
Communication with outpatient

providers

Usual care (nurses provided verbal and written
instructions at discharge, physician provided
patient with medication list to give to their
primary care physician)

Good

Lisby et al,24 2010
(RCT) [99]

Admission Medication history taking
Medication reconciliation
Review appropriateness of medications

Usual care (medication review by junior physician
on admission and by senior physician within
24 h of admission)

Good

Mills and McGuffie,22

2010 (pre-post)
[100]

Preadmission
Admission

Medication history taking
Medication reconciliation

Usual care (admitting junior physician obtained
medication history and reconciled medications
when patient arrived on ward from the ED)

Poor

Hellström et al,29 2011
(pre-post) [210]

Admission
During

hospitalization

Medication history taking
Medication reconciliation
Review appropriateness of medications

Usual care (standard care without pharmacist
involvement in medication reconciliation on
admission or during hospitalization, standard
physician-performed medication reconciliation
on discharge)

Poor

(continued)
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Table 1. Timing and Components of Interventions for the 26 Included Studies (continued)

Source (Study Design)
[Participants, No.]

Timing of
Intervention Components of Intervention Control Group

USPSTF
Quality Ratinga

Pharmacist-Related Interventions
Marotti et al,19 2011

(RCT) [357]
Preadmission
Admission

Medication history taking
Medication reconciliation

Usual care (medication history taking and
prescribing performed by physician on
admission)

Poor

IT Interventions
Poole et al,37 2006

(pre-post) [100]
Discharge Formation of a medication list from

preexisting electronic sources
Reconciliation of discharge medications

with this list

Usual care before intervention (patients discharged
without use of a discharge medication
worksheet)

Poor

Agrawal and Wu,34

2009 (pre-post)
[NR]

Admission Formation of a medication list from
preexisting electronic sources

Reconciliation of admission orders with
this list

Usual care during pilot phase (standard care
without use of electronic medication
reconciliation system)c

Poor

Murphy et al,35 2009
(pre-post) [NR]

Admission
Discharge

Pharmacist performed medication
history and reconciliation on
admission

Formation of a medication list from
preexisting electronic sources

Reconciliation of discharge medications
with this list

Usual care before intervention (standard care
without direct involvement of pharmacist on
ward level and without electronic reconciliation)

Poor

Schnipper et al,36 2009
(RCT) [322]

Admission
Discharge

Formation of a medication list from
preexisting electronic sources

Reconciliation of admission orders and
discharge medications with this list

Pharmacist confirmation of
reconciliation at admission

Usual care (ward-based pharmacist performed
routine review of medication orders, nurse
performed discharge counseling)

Good

Boockvar et al,38 2011
(non-RCTb) [795]

Admission Formation of a medication list from
preexisting electronic sources

Reconciliation of admission orders with
this list

Usual care (no computerized availability of recent
VA outpatient medication use)

Poor

Showalter et al,39 2011
(pre-post) [34 088]

Discharge Formation of a medication list from
preexisting electronic sources

Reconciliation of discharge medications
with this list

Usual care before intervention (manual completion
of a printed medication reconciliation document)

Good

Other Interventions
Varkey et al,40 2007

(pre-post) [102]
Admission
During

hospitalization
Discharge

Multidisciplinary medication
reconciliation using a reconciliation
form on admission and discharge

Education of staff on medication
reconciliation, including real-time
feedback on detected medication
discrepancies

Usual care during “phase 1” (nurses, pharmacists,
and physicians used a medication reconciliation
form to collect and reconcile medications at
admission and discharge, but no feedback was
given)

Poor

Midlöv et al,27 2008
(pre-post) [427]

Discharge Use of a physician-generated
medication report to next provider
of care at time of discharge that
includes details of medication
changes made during hospital course

Usual care before intervention (no structured way
that medication changes were communicated to
outpatient providers)

Poor

Chan et al,20 2010
(pre-post) [407]

Admission Multidisciplinary medication history and
reconciliation on admission

Education of health care providers on
importance of medication
reconciliation via lectures, posters
around hospital, and reminder notes
in patient medical records

Usual care before intervention (pharmacist
performed medication history on a small
number of patients; this did not change during
the study)

Poor

Tessier et al,41 2010
(pre-post) [100]

Admission Nursing performed medication
reconciliation using a 6-step
instructional pamphlet

Usual care before intervention (not described) Poor

De Winter et al,23 2011
(pre-post) [260]

Preadmission ED physician performed medication
history taking and reconciliation
using a standardized “limited
questions list” questionnaire

Usual care (admitting physician performed
medication history taking and reconciliation
without using a standardized tool)

Poor

Abbreviations: ED, emergency department; IT, information technology; NR, not reported; RCT, randomized controlled trial; USPSTF, US Preventive Services Task
Force; VA, Department of Veterans Affairs.

aPlease e-mail the corresponding author for further details about how quality ratings were assigned.
bThe non-RCTs had a concurrent control group, but the sample was a convenience sample as opposed to a randomized sample.
cGiven the poor compliance during the pilot phase, the comparison group reflected usual care before intervention.
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Table 2. Study Outcomes

Source
(Study
Design)

Outcomes Examineda

Results
P Value or OR

(95% CI)
Medication

Discrepancies Potential ADEs ADEs Health Care Utilization

Pharmacist-Related Interventions
Michels and

Meisel,30

2003
(pre-post)

Statistically
significant
improvement with
intervention vs
control in at least 1
outcome in this
category

No. of defects decreased
from 1.45 per order
form to 0.76 in first 16
wk of implementation

�.001

Mean No. of defects per
individual drug order
decreased from 0.25
to 0.12

�.001

Bolas et al,21

2004 (RCT)
Statistically

significant
improvement with
intervention vs
control in at least 1
outcome in this
category

No statistically
significant difference
between intervention
and control in any
outcome in this
category

Decrease in drug name
mismatch 10-14 d
after discharge

.005

Decrease in drug
frequency mismatch
10-14 d after
discharge

.004

No difference in
emergency
readmission rates
within 3 mo or LOS on
readmission

�.05

Nickerson
et al,17 2005
RCT)

Statistically
significant
improvement with
intervention vs
control in at least 1
outcome in this
category

Medication discrepancies
at time of discharge
were noted in 56.3%
of control patients vs
3.6% of intervention
patients

NR

Schnipper
et al,31 2006
(RCT)

Statistically
significant
improvement with
intervention vs
control in at least 1
outcome in this
category

No statistically
significant difference
between intervention
and control in any
outcome in this
category

Preventable ADEs: 11%
in control group vs 1%
in intervention group
30 d after discharge

.01

No difference in health
care utilization

�.05

Kwan et al,16

2007 (RCT)
Statistically

significant
improvement with
intervention vs
control in at least 1
outcome in this
category.

Statistically
significant
improvement with
intervention vs
control in at least 1
outcome in this
category.

40.2% of control patients
had a postoperative
medication
discrepancy vs 20.3%
in the intervention
group

�.001

29.9% of control patients
had a postoperative
medication
discrepancy with
potential for harm vs
12.9% in the
intervention group

�.001

Bergkvist
et al,26 2009
(pre-post)

Statistically
significant
improvement with
intervention vs
control in at least 1
outcome in this
category

63.5% of control patients
had �1 medication
errors vs 26.9% of
intervention patients

.01

(continued)
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Table 2. Study Outcomes (continued)

Source
(Study
Design)

Outcomes Examineda

Results
P Value or OR

(95% CI)
Medication

Discrepancies Potential ADEs ADEs Health Care Utilization

Gillespie
et al,28 2009
(RCT)

Statistically significant
improvement with
intervention vs
control in at least 1
outcome in this
category

Intervention group had a
16% reduction in all
hospital visits
(quotient of 2.24 in the
control group vs 1.88
in the intervention
group) at 12-mo
follow-up

0.84 (0.72-0.99)

Intervention group had a
47% reduction in ED
visits (quotient of 0.66
in the control group vs
0.35 in the
intervention group) at
12-mo follow-up

0.53 (0.37-0.75)

Intervention group had
an 80% reduction in
drug-related
readmissions at
12-mo follow-up

0.2 (0.1-0.41)

No difference in all-cause
readmissions, no
difference in overall
survival at 12-mo
follow-up

�.05

Koehler et al,32

2009 (RCT)
Statistically significant

improvement with
intervention vs
control in at least 1
outcome in this
category

38.1% of the control
group had
readmission/ED visit at
30 d vs 10% in the
intervention group

.04

Readmission/ED visit
at 60 d was the
same in 2 groups

�.05

Time to
readmission/ED
visit was 15.7 d in
the control group vs
36.2 d in the
intervention group

.05

Vasileff
et al,18

2009
(non-RCT)

Statistically
significant
improvement
with intervention
vs control in at
least 1 outcome
in this category

Statistically
significant
improvement
with intervention
vs control in at
least 1 outcome
in this category

75.6% of usual care
patients had �1
unintentional
discrepancy vs
3.3% of intervention
patients

�.05

Of the unintentional
discrepancies, 2%
were felt to have
potential for no
harm, 40% for
minor impact, 52%
for significant
impact, and 6% for
very significant
impact

IRR�0.8, except
for 1 possible
pairing (not
specified)

Walker
et al,33

2009
(non-RCT)

Statistically
significant
improvement
with intervention
vs control in at
least 1 outcome
in this category

No statistically
significant
difference between
intervention and
control in any
outcome in this
category

Medication
discrepancies at
discharge were
noted in 59.6% of
control patients vs
33.5% of
intervention patients

�.001

(continued)
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13 medications,18,20,21,25,32,33,36 and hav-
ing greater than 3 comorbid condi-
tions.18,32 Several studies included a

combination of these criteria to de-
fine the intervention cohort.18,20,21,32

Noncontrolled intervention studies

described similar approaches, with
pharmacist-led interventions being
most common (eAppendix).

Table 2. Study Outcomes (continued)

Source
(Study
Design)

Outcomes Examineda

Results
P Value or OR

(95% CI)
Medication

Discrepancies Potential ADEs ADEs Health Care Utilization

No difference in 14- or
30-d readmission
rates, no difference in
ED visits within 72 h

�.05

Eggink et al,25

2010 (RCT)
Statistically

significant
improvement with
intervention vs
control in at least 1
outcome in this
category

No statistically
significant
difference between
intervention and
control in at least 1
outcome in this
category

Medication discrepancies
at discharge were
noted in 68% of
control patients vs
39% of intervention
patients

0.57 (0.37-0.88)

Of the medication
discrepancies, 29%
were believed to have
potential for serious
harm in the control
group vs 32% in the
intervention group

NR (stated in text
“nonsignificant”)

Lisby et al,24

2010 (RCT)
No statistically

significant
difference between
intervention and
control in any
outcome in this
category

No statistically
significant difference
between intervention
and control in any
outcome in this
category

No difference in LOS,
time to readmission,
3-mo readmission, ED
visits, visits to general
practitioners, mortality

�.05

Mills and
McGuffie,22

2010
(pre-post)

Statistically
significant
improvement with
intervention vs
control in at least 1
outcome in this
category

Medication errors
decreased from 3.3
per patient before
intervention to 0.04
per patient after
intervention

�.05

Hellström
et al,29 2011
(pre-post)

No statistically
significant difference
between intervention
and control in any
outcome in this
category

No difference in
drug-related health
care utilization 3 mo
after discharge

.14

Marotti et al,19

2011 (RCT)
Statistically

significant
improvement with
intervention vs
control in at least 1
outcome in this
category

Mean No. of missed
medication doses
during hospitalization
was 3.21 in the control
group vs 1.07 in the
intervention group

�.001

IT Interventions
Poole et al,37

2006
(pre-post)

Statistically
significant
improvement with
intervention vs
control in at least 1
outcome in this
category

Resolution of medication
discrepancies
increased by 65%

�.001

Agrawal and
Wu,34 2009
(pre-post)

Statistically
significant
improvement with
intervention vs
control in at least 1
outcome in this
category

Unintended discrepancy
rate decreased from
20% before
intervention to 1.4%
after intervention

NR

(continued)
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Table 2. Study Outcomes (continued)

Source
(Study
Design)

Outcomes Examineda

Results
P Value or OR

(95% CI)
Medication

Discrepancies Potential ADEs ADEs Health Care Utilization

Murphy et al,35

2009
(pre-post)

Statistically
significant
improvement with
intervention vs
control in at least 1
outcome in this
category

Unintended medication
discrepancies
decreased from 90%
to 47% on surgical
floors and from 57%
to 33% on medical
floors

.001

Schnipper
et al,36 2009
(RCT)

Statistically
significant
improvement with
intervention vs
control in at least 1
outcome in this
category

Mean No. of potential
ADEs per patient was
1.44 in the control
group vs 1.05 in the
intervention group

0.72 (0.52-0.99)

Boockvar
et al,38 2011
(non-RCT)

Statistically
significant
improvement with
intervention vs
control in at least 1
outcome in this
category

Intervention group
experienced a 43%
reduction in ADEs
caused by admission
prescribing changes
classified as errors

0.57 (0.33-0.98)

No difference in ADEs
caused by all
admission prescribing
changes

1.04 (0.68-1.61)

Showalter
et al,39 2011
(pre-post)

No statistically
significant difference
between intervention
and control in any
outcome in this
category

No difference in
composite outcome of
30-d readmission or
ED visit from before to
after intervention

.17

Statistically significant
worsening with
intervention vs
control in at least 1
outcome in this
category

30-d readmission rate
was 10.2% before
intervention compared
with 11% after
intervention

.02

Other Interventions
Varkey et al,40

2007
(pre-post)

Statistically
significant
improvement with
intervention vs
control in at least 1
outcome in this
category

Mean No. of medication
discrepancies per
patient at time of
admission decreased
from 0.5 before
intervention to 0 after
intervention

.018

Mean No. of medication
discrepancies per
patient at the time of
discharge decreased
from 3.3 before
intervention to 1.8
after intervention

.003

Midlöv et al,27

2008
(pre-post)

Statistically
significant
improvement with
intervention vs
control in at least 1
outcome in this
category

8.9% of the control
group had potential
ADEs that would lead
to required medical
care (readmission to
the hospital or visit to
the PCP) compared
with 4.4% of the
intervention group

.049

(continued)
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COMMENT

This systematic review of hospital-
based medication reconciliation
practices found that various inter-
ventions, including those involv-
ing pharmacy staff, IT, and other
types, successfully decreased medi-
cation discrepancies and PADEs but
demonstrated inconsistent benefit on
ADEs and health care utilization
compared with usual care.

The medication reconciliation
literature is most robust for phar-
macist-related interventions, which
were evaluated in 15 of 26 included
studies and in 4 of 6 good-quality
studies.24,25,28,31 Several of these ar-
ticles evaluated clinical outcomes,
such as preventable ADEs31 and
health care utilization,21,24,28,29,31-33

rather than solely examining pro-
cess measures such as medication
discrepancies. In the2studies28,32 that
demonstrated improvement inhealth

care utilization, the pharmacy staff
was heavily involved, performing a
comprehensive medication history
at hospital admission, medication
reconciliation at hospital admis-
sion and discharge, patient counsel-
ing, discharge communication with
outpatient providers, and postdis-
charge communication with the
patient.

Notably, most reported pharma-
cist-related interventions also in-
cluded the taking of an accurate
medication history at the time of ad-
mission, as noted in Table 1. Errors
in obtaining an accurate preadmis-
sion medication history have great
potential for harm as they can propa-
gate throughout a patient’s hospi-
talization and after discharge. They
are also the most common reason for
PADEs caused by medication dis-
crepancies.8 Although it is difficult
to distinguish the impact of an ac-
curate medication history from the

impact of successful medication rec-
onciliation when both are included
in the intervention, in reality, these
2 process steps are necessary com-
ponents of the overall medication
reconciliation process. It is, there-
fore, unrealistic to consider a suc-
cessful medication reconciliation
program that does not also include
an initial accurate medication his-
tory from which to begin the recon-
ciliation process.

Other common elements of the
successful pharmacist-related medi-
cation reconciliation efforts in-
cluded communication with post-
discharge providers regarding the
discharge medication regimen, in-
cluding how and why the regimen
di f fered from before admis-
sion17,21,28,32,33 and patient educa-
tion and follow-up.17,21,26,28,31-33 The
pharmacist-related interventions
comprised studies that used li-
censed pharmacists and studies that

Table 2. Study Outcomes (continued)

Source
(Study
Design)

Outcomes Examineda

Results
P Value or OR

(95% CI)
Medication

Discrepancies Potential ADEs ADEs Health Care Utilization

Chan et al,20

2010
(pre-post)

Statistically
significant
improvement with
intervention vs
control in at least 1
outcome in this
category

Statistically
significant
improvement with
intervention vs
control in at least 1
outcome in this
category

Unintentional medication
discrepancy rate per
admission decreased
from 2.6 before
intervention to 1.0
after intervention

�.001

Proportion of admissions
with �1 clinically
significant
unintentional
medication
discrepancies
decreased from 46%
before intervention to
24% after intervention

.02

Tessier et al,41

2010
(pre-post)

Statistically
significant
improvement with
intervention vs
control in at least 1
outcome in this
category

Medication discrepancies
were present in 42%
of preintervention
patients vs 20% of
postintervention
patients

.03

De Winter
et al,23 2011
(pre-post)

Statistically
significant
improvement with
intervention vs
control in at least 1
outcome in this
category

Mean No. of medication
discrepancies per
patient was 1.1 in the
control group vs 0.6 in
the intervention group

�.001

Abbreviations: ADE, adverse drug event; ED, emergency department; IRR, interrater reliability; IT, information technology; LOS, length of stay; NR, not reported;
OR, odds ratio; PCP, primary care physician; RCT, randomized controlled trial.

aOutcomes examined intervention vs “usual care” as the comparison group (detailed in Table 1) for all studies.
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used less resource-intensive phar-
macy staff, such as pharmacy resi-
dents32 and pharmacist techni-
cians,30 demonstrating the viability
of using other personnel in this role.
In review of all the pharmacist- and
nonpharmacist-related interven-
tions, common elements of success-
ful interventions were the targeting
of a high-risk subgroup,18,26-28,32,36,37

evidence of institutional sup-
port,28,36 and performing the inter-
vention in a defined population, for
example, patients to/from a nurs-
ing home27 or in the setting of an
elective surgical admission.19

This review highlights the scar-
city of rigorously designed studies
on inpatient medication reconcilia-
tion. Only 26 studies met the inclu-
sion criteria for this review, and of
these, only 10 were randomized con-
trolled trials,† only 1 of which was
conducted at more than 1 site.36 On
quality review, only 6 of 26 studies
met the criteria to be classified as
good quality.24,25,28,31,36,39 Further-
more, comparison groups in all the
studies were usual care rather than
alternative interventions. This is un-
derstandable given the state of medi-
cation reconciliation efforts before
2005, but it limits our ability to draw
conclusions on the most effective
practices of medication reconcilia-
tion. For example, because pharma-
cist interventions were compared
only with usual care, the evidence
does not definitively support phar-
macist-led medication reconcilia-
tion as superior to other reported in-
terventions. Also, usual care relating
to medication reconciliation efforts
has likely improved since it was first
mandated by The Joint Commis-
sion, making it difficult to compare
the efficacy of certain interventions
in older vs newer studies. In addi-
tion, most studies investigated pro-
cess measures alone, such as the
presence of medication discrepan-
cies with potential for harm, rather
than clinical outcomes, which were
reported in only 9 of the 26 stud-
ies.21,24,28,29,31-33,38,39 Although pro-
cess measures are easily studied, are
pertinent to the issue of medica-
tion safety, and are responsive to
change, it is important to distin-

guish between these and actual pa-
tient outcomes.

There are many reasons why it has
been difficult to rigorously exam-
ine medication reconciliation ef-
forts despite its recognized impor-
tance to patient safety. As noted in
the Society of Hospital Medicine
2010 Consensus Statement,42 medi-
cation reconciliation efforts are of-
ten resource intensive and need to
overcome several challenges, in-
cluding the disjointed nature of
American health care, the need to
maintain up-to-date and accurate
medication lists across different pa-
tient care venues, and difficulty with
identifyingandmaintainingrolesand
responsibility in the process. Fur-
thermore, electronic medication rec-
onciliation solutions are often part
of larger electronic medical record
systems, making it difficult to study
them in isolation. Therefore, stud-
ies comparing 2 different interven-
tions are logistically difficult, and it
may be more feasible to expect com-
parisons of 1 intervention cur-
rently in use with that intervention
plus the addition of another one.

There are several limitations of
this review. Along with the lack of
rigorous study design in most in-
cluded studies, as discussed previ-
ously herein, it is possible (and, in
fact, likely) that other medication
reconciliation interventions have
been implemented and studied,
found to be unsuccessful, and never
published. Second, many of the in-
cluded studies were from outside the
United States, which potentially lim-
its generalizability in US health care
settings. Differences in patient safety
culture or better access to medica-
tion information (eg, through na-
tionalized health records) may make
implementation efforts more suc-
cessful in other countries than in the
United States. Third, this review is
intentionally limited to medication
reconciliation practices within, or in
transition to/from, the hospital set-
ting and, therefore, does not in-
clude the broader scope of all medi-
cal settings, including primary care
and other clinic venues.

In summary, thereare limiteddata
on the most effective practices of in-
patient medication reconciliation
and a lack of rigorously designed
controlled studies comparing differ-

ent medication reconciliation ap-
proaches with each other. In the con-
text of these limitations, existing
evidence most supports pharmacist-
related interventions compared with
usual care in producing the best pa-
tient outcomes, with a high degree
of pharmacist or pharmacy staff in-
volvement in all medication recon-
ciliation–related processes being
most effective. Targeting interven-
tions to a subset of patients consid-
ered at greatest risk for an ADE, such
as elderly patients, patients taking
many medications, and patients with
many comorbid conditions, may be
of highest yield. This evidence also
suggests that taking an accurate
medication history and communi-
cating with postdischarge provid-
ers are important steps, especially for
reducing postdischarge health care
utilization.

Future research should include
randomized controlled trials when
possible (and interrupted time se-
ries or “stepped wedge” designs
when not possible), using rigorous
outcome assessment that includes
clinical and process outcomes. Stud-
ies should also compare interven-
tions with each other or evaluate the
incremental benefits of adding a sec-
ond intervention to one already in
use, ensuring standardized and con-
sistent measurement methods and
detailed descriptions of usual care.
In addition, the Society of Hospital
Medicine consensus statement on
medication reconciliation recom-
mends a set of key action items for
addressing identified barriers to
implementation and reporting42;
these items should also be used in
future research and quality improve-
ment efforts. Despite the aforemen-
tioned difficulties in performing
these types of rigorous studies, it
should be emphasized that it is be-
cause of the resources required for
successful medication reconcilia-
tion efforts that precise estimates of
impact, based on rigorously con-
ducted studies, are required. This re-
view should help inform the devel-
opment of future interventions, both
for research and for institutions that
want to improve medication safety
during transitions in care.
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Impact of the Lund Integrated Medicines Man-

ARCH INTERN MED/ VOL 172 (NO. 14), JULY 23, 2012 WWW.ARCHINTERNMED.COM
1068

©2012 American Medical Association. All rights reserved.

Downloaded From:  on 07/23/2018



agement (LIMM) model on medication appropri-
ateness and drug-related hospital revisits. Eur J
Clin Pharmacol. 2011;67(7):741-752.

30. Michels RD, Meisel SB. Program using phar-
macy technicians to obtain medication histories.
Am J Health Syst Pharm. 2003;60(19):1982-
1986.

31. Schnipper JL, Kirwin JL, Cotugno MC, et al.
Role of pharmacist counseling in preventing ad-
verse drug events after hospitalization. Arch In-
tern Med. 2006;166(5):565-571.

32. Koehler BE, Richter KM, Youngblood L, et al. Re-
duction of 30-day postdischarge hospital readmis-
sion or emergency department (ED) visit rates in
high-risk elderly medical patients through delivery
of a targeted care bundle. J Hosp Med. 2009;
4(4):211-218.

33. Walker PC, Bernstein SJ, Jones JN, et al. Impact
of a pharmacist-facilitated hospital discharge pro-
gram: a quasi-experimental study. Arch Intern Med.
2009;169(21):2003-2010.

34. Agrawal A, Wu WY. Reducing medication errors

and improving systems reliability using an elec-
tronic medication reconciliation system. Jt Comm
J Qual Patient Saf. 2009;35(2):106-114.

35. Murphy EM, Oxencis CJ, Klauck JA, Meyer DA,
Zimmerman JM. Medication reconciliation at an
academic medical center: implementation of a
comprehensive program from admission to
discharge. Am J Health Syst Pharm. 2009;66
(23):2126-2131.

36. Schnipper JL, Hamann C, Ndumele CD, et al. Ef-
fect of an electronic medication reconciliation ap-
plication and process redesign on potential ad-
verse drug events: a cluster-randomized trial. Arch
Intern Med. 2009;169(8):771-780.

37. Poole DL, Chainakul JN, Pearson M, Graham L.
Medication reconciliation: a necessity in promot-
ing a safe hospital discharge. J Healthc Qual. 2006;
28(3):12-19.

38. Boockvar KS, Blum S, Kugler A, et al. Effect of ad-
mission medication reconciliation on adverse drug
events from admission medication changes. Arch
Intern Med. 2011;171(9):860-861.

39. Showalter JW, Rafferty CM, Swallow NA, Dasilva
KO,ChuangCH.Effectofstandardizedelectronicdis-
charge instructions on post-discharge hospital
utilization. J Gen Intern Med. 2011;26(7):718-
723.

40. Varkey P, Cunningham J, O’Meara J, Bonacci R,
Desai N, Sheeler R. Multidisciplinary approach to
inpatient medication reconciliation in an aca-
demic setting. Am J Health Syst Pharm. 2007;
64(8):850-854.

41. Tessier EG, Henneman EA, Nathanson B, Plotkin
K, Heelon M. Pharmacy-nursing intervention to im-
prove accuracy and completeness of medication
histories. Am J Health Syst Pharm. 2010;67(8):
607-611.

42. Greenwald JL, Halasyamani L, Greene J, et al.
Making inpatient medication reconciliation pa-
tient centered, clinically relevant and implement-
able: a consensus statement on key principles and
necessary first steps. J Hosp Med. 2010;5(8):
477-485.

INVITED COMMENTARY

Medication Reconciliation

Moving Forward

M edication reconcilia-
tion, in some form or an-
other, is now standard of

care in most hospitals and an expec-
tation of The Joint Commission and
Accreditation Canada. In their sys-
tematic review of hospital-based
medication reconciliation prac-
tices, Mueller et al1 offer a useful re-
minder of the literature supporting
this widespread adoption and sug-
gest some future challenges.

Similar to many contemporary in-
novations in practice, medication
reconciliation is not a single act or
intervention. Instead, it involves a
“bundle” of related critical elements
applied during the high-risk period
of hospitalization. Hospitals are grap-
pling with some essential questions:
What strategies for medication rec-
onciliation are most effective? Which
patients will benefit most? Is admis-
sion or discharge reconciliation most
essential? Which health care profes-
sionals should lead and contrib-
ute?2 This review illustrates that
medication reconciliation is not a
single intervention but rather takes
place at various transitions (ie, ad-
mission, transfer, and discharge), in-
volves a range of pharmacy exper-
tise (ie, pharmacy technicians to

clinical pharmacists), and may vari-
ously include all patients or target pa-
tients at high risk for adverse clini-
caloutcomes(eg, adversedrugevents
and rehospitalizations).

The heterogeneity of medica-
tion reconciliation interventions
makes it difficult to say which ac-
tions are necessary or sufficient to
a good medication reconciliation
process. Of the numerous critical ele-
ments of the medication reconcili-
ation process covered in the re-
view, 4 warrant specific mention.

1. Preadmission medication lists
are critical; the more accurate and
comprehensive the preadmission
medication list, the easier the medi-
cation reconciliation process be-
comes. Access to all available medi-
cation list sources (eg, the patient,
electronic medical records, and phar-
macy files) facilitates a high-
quality preadmission medication list.

2. Best-possible medication his-
tory requires a skilled interviewer. Al-
though the literature does not dis-
criminate on who does it best, it does
suggest that additional training in tak-
ing a best-possible medication his-
tory may be required for any health
professional to complete an effi-
cient and comprehensive history.3

3. Transitions of care are vulner-
able moments for medication dis-
crepancies to occur and propagate.
Identifying these time points fo-
cuses effort.

4. Targeted interventions are
probably the most cost-effective. Tri-
aging high-risk patients to interven-
tions is essential to maximizing ben-
efit under the constraints of finite
resources. However, such targeting
needs to be balanced with the ex-
pectation for safe practices that can
apply to all patients in any high-
reliability organization.

Many hospitals have embraced
medication reconciliation by adding
“check boxes” into the medical rec-
ord to document that medication rec-
onciliation has taken place. Al-
though such efforts do accomplish
compliance with The Joint Commis-
sion National Patient Safety Goals,
they may fall well short of the en-
hanced interventions needed to im-
provecareandreduceadverseevents.
Mueller et al1 bring into focus some
of the complexities to consider in
achieving effective medical reconcili-
ation. How can reconciliation be in-
tegrated from hospital admission
through discharge (ie, a focus on ad-
mission alone may not be enough
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