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ABSTRACT
Introduction  Reducing unplanned hospital readmissions 
is an important priority for all hospitals and health systems. 
Hospital discharge can be complicated by discrepancies in 
the medication reconciliation and/or prescribing processes. 
Clinical pharmacist involvement in the medication 
reconciliation process at discharge can help prevent these 
discrepancies and possibly reduce unplanned hospital 
readmissions.
Methods  We report the results of our quality 
improvement intervention at Duke University Hospital, 
in which pharmacists were involved in the discharge 
medication reconciliation process on select high-risk 
general medicine patients over 2 years (2018–2020). 
Pharmacists performed traditional discharge medication 
reconciliation which included a review of medications 
for clinical appropriateness and affordability. A total of 
1569 patients were identified as high risk for hospital 
readmission using the Epic readmission risk model and 
had a clinical pharmacist review the discharge medication 
reconciliation.
Results  This intervention was associated with a 
significantly lower 7-day readmission rate in patients who 
scored high risk for readmission and received pharmacist 
support in discharge medication reconciliation versus 
those patients who did not receive pharmacist support 
(5.8% vs 7.6%). There was no effect on readmission rates 
of 14 or 30 days. The clinical pharmacists had at least one 
intervention on 67% of patients reviewed and averaged 
1.75 interventions per patient.
Conclusion  This quality improvement study showed that 
having clinical pharmacists intervene in the discharge 
medication reconciliation process in patients identified 
as high risk for readmission is associated with lower 
unplanned readmission rates at 7 days. The interventions 
by pharmacists were significant and well received by 
ordering providers. This study highlights the important 
role of a clinical pharmacist in the discharge medication 
reconciliation process.

INTRODUCTION
Unplanned hospital readmissions are a persis-
tent healthcare value concern and oppor-
tunity that are associated with higher costs,1 
decreased patient satisfaction,2 increased 
length of stay, and increased mortality.3 
Because of these negative consequences, 
hospital readmissions have been identified 
as a priority for multiple healthcare agen-
cies including the Center for Medicare and 
Medicaid Services,4 Institute for Health-
care Improvement,5 Joint Commission for 
Hospital Accreditation,6 and others. In addi-
tion, there are significant financial penalties 
for hospitals and health systems that perform 
below target in readmission performance.4

Hospital discharge is viewed as a critical 
transition in the healthcare trajectory of 
patients and represents a time when errors 
can occur. At the time of discharge, medica-
tions are initiated, changed, or discontinued. 
Errors during discharge medication reconcil-
iation can result in complications, including, 
but not limited to, adverse drug events that 
can worsen patients’ health status leading to 
hospital readmissions.7 Many studies have 
shown that significant errors occur with medi-
cation management at the time of admission 
to and discharge from the hospital,8–18 with 
some studies reporting medication errors as 
high as 97% in hospital admissions and 80% 
in hospital discharges.12 Therefore, manage-
ment of medications at transitions in and out 
of the hospital is critical to maintaining good 
health status and preventing readmissions.

Medication reconciliation is the process 
of comparing a patient’s active medication 
orders with those on their home medication 
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list at the time of admission, level of care transfers and at 
discharge.6 The practice ensures that the home medica-
tion list is accurate by taking a best possible medication 
history (BPMH), which involves completing a thorough 
patient interview and confirming the information with 
another objective source of information, including medi-
cation fill history from a home pharmacy or nursing 
facility records.19–21 A medication reconciliation deter-
mines which medications are continued or discontinued 
in the next phase of care. During the process of medi-
cation reconciliation, multiple inaccuracies can occur, 
including errors of omission (not continuing a medica-
tion), commission (inappropriately continuing or starting 
a medication) or prescribing errors (such as frequency or 
dose errors).21 Multiple studies have indicated all of these 
errors are possible, but errors of omission are considered 
to be the most common.8 11 12 16 18 Medication reconcili-
ation is more easily and accurately performed with elec-
tronic health record support.17

With the risk of medication reconciliation errors prop-
agating through discharge potentially leading to adverse 
drug events or readmission, research has been focused 
on interventions that can reduce medication errors at 
discharge. Many interventions have focused on involving 
pharmacists or pharmacy personnel, such as pharmacy 
technicians or students, in the medication history and/or 
reconciliation process. The benefit of pharmacist partici-
pation in this process has been shown in multiple studies, 
particularly in reducing adverse drug events or potential 
adverse drug events. Unfortunately, multiple systematic 
reviews have not shown consistent evidence that pharma-
cist involvement in medication reconciliation results in a 
decrease in hospital readmissions or use.12 13 16 22–30

Duke University Hospital (DUH) is a tertiary, academic 
medical centre in Durham, North Carolina. We use the 
Epic electronic medical record for all clinical documen-
tation and ordering processes including medication 
reconciliation. At DUH, we have acknowledged opportu-
nities and implemented strategies to further reduce read-
mission rates. In 2016, we completed an internal quality 
improvement initiative of clinical pharmacist involve-
ment in the discharge medication reconciliation process 
for two adult general medicine teams and discovered that 
we had significant numbers of medication-related inter-
ventions that could be identified and addressed by clin-
ical pharmacists. At that time, we already had pharmacy 
technicians obtaining BPMH at hospital admission. We 
then developed and instituted a programme at DUH for 
clinical pharmacists to participate in the discharge medi-
cation reconciliation process as a quality improvement 
project. We also recognised that there was little evidence 
reporting the benefit of using the Epic readmission risk 
score model to guide pharmacists to which patients to 
intervene on at discharge. Our goals were therefore to 
use the Epic readmission risk model to identify high-
risk patients for the clinical pharmacists to intervene 
on to reduce medication errors at discharge from DUH 
for general medicine patients and achieve reductions 

in unplanned readmissions. We started the pharmacist 
medication reconciliation process in October 2018, and 
in this article we report on the findings of this quality 
improvement study.

METHODS
Study design and setting
This quality improvement interventional study focused 
on clinical pharmacists supporting the discharge medi-
cation reconciliation process with patients discharged 
from adult general medicine services at DUH between 
1 October 2018 and 29 February 2020. We chose 29 
February 2020 as our stop date because the COVID-19 
pandemic disrupted our usual patient population, census 
and workflows.

Using all patients identified as ‘high risk’ based on 
the Epic readmission risk score model, we created 
three comparative cohorts. Group 1 (intervention group) 
consisted of high-risk patients who had their discharge 
medication reconciliation reviewed by a clinical phar-
macist. Group 2 (historic controls) were high-risk patients 
discharged between 1 April 2018 and 1 October 2018. In 
that group, all discharge medication reconciliation was 
performed by the general medicine provider only, without 
clinical pharmacist review. Finally, group 3 (concurrent 
controls) were high-risk patients discharged during the 
intervention time period, 1 October 2018–29 February 
2020, but who did not have a clinical pharmacist medi-
cation reconciliation review concurrently performed 
because the patient was discharged outside of the service 
hours (7 days a week from 07:00 to 14:30) when a phar-
macist was unavailable to review the discharge medica-
tion reconciliation. We report this quality improvement 
project using the Standards for Quality Improvement 
Reporting Excellence V.2.0 guidelines.31

Intervention
The DUH electronic medical record, Epic, was used for 
all medication reconciliation processes. We used the Epic 
Unplanned Readmission Model V.132 to identify patients 
in the highest-risk quartile to be included in our interven-
tion group. The Epic unplanned readmission risk model 
has been investigated on our Duke patient population 
previously and reported out separately.33 In this previous 
work, the area under curve (C-statistic) for Duke Hospital 
general medicine for this model in predicting unplanned 
readmissions was 0.694. The Epic readmission risk model 
V.1 calculates a score for readmission risk every 4 hours 
for inpatients. The score is a continuous variable from 0 
to 100, which increases with readmission risk but does not 
assign a specific probability. The model variables include 
patient age, clinical diagnoses variables, laboratory vari-
ables, medication numbers and classes, order types and 
healthcare use variables. The model shows a patient’s risk 
score visually as a coloured icon on the provider patient 
lists. High-risk score icons are coloured red; medium 
risk icons are yellow; and low risk icons are green. We set 
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the high-risk threshold to identify the top 25% at risk of 
readmission. The next 25% would score medium risk, 
and the lowest 50% would score low risk. Therefore, we 
set the model threshold based on capacity to provide the 
intervention rather than metrics of sensitivity or positive 
predictive value. We reviewed the performance of the risk 
score model quarterly to determine if thresholds were 
still set appropriately and the threshold for high risk 
remained a score of 27 (out of 100 possible total) for the 
duration of this study.

The process of discharge medication reconciliation 
review by the clinical pharmacists was initiated on 1 
October 2018, with services available 7 days a week from 
07:00 to 14:30. The process for our intervention on high-
risk patients was such that the general medicine provider 
would complete the preliminary discharge medication 
reconciliation on the discharge day by 14:30 and notify 
the clinical pharmacist to review the completed discharge 
medication reconciliation before the patient’s discharge 
order was signed. The clinical pharmacist discharge medi-
cation reconciliation review process included focused 
reviews of the following areas:
1.	 Accuracy and completeness of the clinical provider 

completed discharge medication reconciliation by 
comparing home medications with inpatient orders 
and new orders at discharge.

2.	 Medication dosing and frequency as well as renal and 
hepatic adjustments.

3.	 Duration of therapy and days of supply for antimicrobi-
als and short course medications such as opiates.

4.	 Therapeutic duplications.
5.	 Drug–drug interactions.
6.	 Cost or financial barriers of certain medications.
7.	 After visit summary accuracy and clarity.
The clinical pharmacist would then communicate find-
ings and suggestions for changes to the provider. The 
provider would make any changes to the discharge 
medication orders at their discretion before discharge. 
Also, an admission medication history throughout the 
study period was attempted by a pharmacy technician 
through previously established hospital programmes. 
While no standardised evaluation tool was used, all 
reviewing pharmacists were trained and familiar with 
these items to review. Reviewing pharmacists partici-
pating in this programme were also trained in technical 
aspects of discharge medication reconciliation within 
Epic.

Clinical pharmacy leadership and DUH Medication 
Reconciliation Committee reviewed the workflows of 
this study and made one substantive iterative change in 
several quality improvement cycles over the 2 years of the 
study. The process of notifying the pharmacist that the 
provider had completed the discharge medication recon-
ciliation on a high-risk patient and was ready for review 
changed from a manual process to an automated process 
in September 2019. When finished with the discharge 
medication reconciliation process for a high-risk patient, 
the system now generates an automated consult to the 

pharmacy, notifying the pharmacist by page to start their 
workflow.

Outcome variables
Readmissions definition
We measured readmission rates of 7, 14 and 30 days. We 
report the raw readmissions rates for each group. Our 
definitions for readmissions were as follows:
1.	 Index hospitalisation and associated clinical pharma-

cist medication reconciliation review were at DUH and 
readmissions were same-site (DUH).

2.	 Patients included were inpatient adults ages 18 and 
older. We excluded patients whose index admissions 
were based on psychiatric diagnoses, sickle cell disease, 
rehabilitation care and non-surgical cancer Medicare 
Severity Diagnosis Related Groups (DRG), or admitted 
for inpatient hospice. Patients who were transferred to 
other acute facilities, died during index hospitalisation 
or left against medical advice were also excluded.

We excluded patients whose readmission was based on 
psychiatric diagnoses, sickle cell disease and rehabilita-
tion care, or who had planned readmissions (based on 
the Center for Medicare and Medicaid Services (CMS) 
algorithm).4 We excluded sickle cell patients because they 
have such a unique transitions of care requirement and 
care system within DUH that would not fit in this specific 
pharmacy programme design. In order to approximate 
the CMS Hospital-Wide Readmission Measure exclu-
sions, we excluded from index cases (denominator) 
patients who had a primary cancer DRG.34 Patients with 
a secondary cancer DRG were included in our cohorts.

Pharmacist interventions
During the first 6 months of the programme (1 October 
2018–31 March 2019), more detailed data were abstracted 
regarding clinical pharmacist interventions when 
reviewing the discharge medication reconciliation. Data 
collection included the number of interventions made 
by the clinical pharmacist; if the intervention involved a 
high-risk medication (defined as interventions related to 
antithrombotics, antiepileptics, antihypertensives, anti-
microbials, diuretics, insulin, immunosuppressants and 
opioids); and if the recommendations were accepted by 
the medical provider. The aforementioned medications 
were deemed high risk by the opinion of the involved 
pharmacists and providers due to the high propensity for 
errors to occur at transitions of care, which could place a 
patient at high risk of adverse event or readmission.

Data collection
All high-risk patient encounters, as defined previously, 
that had a clinical pharmacist review of their discharge 
medication reconciliation were maintained on an 
intervention list by pharmacy leadership. Comparison 
groups were obtained by querying Epic’s Clarity data-
base. The inpatient readmission risk score flowsheet 
data for intervention and comparison groups were also 
queried from Epic’s Clarity database. These data were 
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then joined to an internally maintained unplanned 
readmission database which closely mimics the CMS 
methodology (using aforementioned readmissions defi-
nition), allowing comparison of the intervention and 
comparison groups.

Statistical analysis
Patient demographics were summarised and compared 
using standardised mean differences (SMDs). SMDs are 
an effect metric that measure the degree of imbalance 
across groups. While not a test of statistical significance, 
an SMD greater than 0.10 indicates that there are mean-
ingful differences in averages across groups, and there-
fore potential unequal allocation of the interventions. We 
performed a multivariable logistic regression, regressing 
readmission onto the intervention group. We fit separate 
models for outcomes of 7, 14 and 30 days. Since the read-
mission score accounts for many clinical factors, we used 
a minimally adjusted model, adjusting for the abstracted 
demographic factors as well as baseline risk score. We 
reported ORs and 95% CIs. Kaplan-Meier curves were 
plotted for the time to readmission for intervention and 
comparison groups.

RESULTS
Baseline analysis
A total of 1569 patients identified as high risk by the 
Epic readmission risk model were in intervention group 
1, receiving clinical pharmacist support for discharge 
medication reconciliation in the period from 1 October 
2018 to 29 February 2020. A total of 873 patients were in 
comparison group 2 (preintervention) and 940 patients 
were in comparison group 3 (concurrent to interven-
tion). Baseline characteristics of intervention group 
1 and comparison groups 2 and 3 are shown in table 1 
and were similar (no variable with SMD exceeding 10%) 
with two exceptions: the intervention group had a higher 
readmission risk score and a higher percentage of black 
patients.

Main analysis
Intervention group 1 had a 7-day readmission rate of 5.8%, 
which was significantly less than comparison groups 2 and 
3, which had a 7-day readmission rate of 7.6% (table 2). 
The multivariable model showed those patients who did 
not receive the pharmacist participation in medication 
reconciliation at discharge had a significantly higher 
odds of readmission at 7 days (table 2).

Table 1  Patient baseline characteristics by intervention and comparison groups

Characteristics

Group 1 (pharmacist 
intervention)

Group 2 (preintervention 
comparison group)

Group 3 (concurrent 
comparison group)

Total all 
groups

SMDn=1569 n=873 n=940 N=3382

Age 0.067

 � Median (IQR) 63 (51–73) 61 (50–72) 63 (53–73) 62 (51–73)

Race/ethnicity, n (%) 0.117

 � Hispanic 58 (3.7) 19 (2.2) 42 (4.5) 119 (3.5)

 � Non-Hispanic black 793 (50.5) 428 (49.0) 440 (46.8) 1661 (49.1)

 � Non-Hispanic white 664 (42.3) 400 (45.8) 416 (44.3) 1480 (43.8)

 � Other/unknown 54 (3.4) 26 (3.0) 42 (4.5) 122 (3.6)

Sex, n (%) 0.049

 � Female 810 (51.6) 463 (53.0) 464 (49.4) 1737 (51.4)

 � Male 759 (48.4) 410 (47.0) 476 (50.6) 1645 (48.6)

Length of stay 0.044

 � Median (IQR) 6.6 (3.6–13.2) 6.1 (3.4–11.1) 5.9 (3.2–11.5) 6.2 (3.5–12)

Discharge disposition, n (%) 0.077

 � Facility 594 (37.9) 290 (33.2) 304 (32.3) 1188 (35.1)

 � Home 975 (62.1) 583 (66.8) 636 (67.7) 2194 (64.9)

Insurance status, n (%)

 � Medicaid 279 (17.8) 154 (17.6) 136 (14.5) 569 (16.8) 0.085

 � Medicare 1085 (69.2) 618 (70.8) 681 (72.4) 2384 (70.5)

 � Private 145 (9.2) 71 (8.1) 94 (10.0) 310 (9.2)

 � Other/unknown 60 (3.8) 30 (3.4) 29 (3.1) 119 (3.5)

Average risk score at 
discharge

38.8 36.5 34.8 37.1 0.212

SMD, standardised mean difference.



� 5Gallagher D, et al. BMJ Open Quality 2022;11:e001560. doi:10.1136/bmjoq-2021-001560

Open access

Kaplan-Meier event curve of time to readmission shows 
the difference in readmission event timing between the 
intervention group and the comparison groups diverges 
early after discharge with a maximum difference present 
at 7 days with the curves subsequently converging again 
at approximately 10 days (figure 1). There was no signif-
icant difference in unplanned readmission rates at 14 or 
30 days.

Secondary analysis of pharmacist interventions
During the first 6 months of the programme, we 
performed a targeted review of the number and kind 
of interventions performed by the clinical pharmacists 
to better understand opportunities. In this review, 780 
patients received a clinical pharmacist review of their 
discharge medication reconciliation, resulting in a signif-
icant number of interventions per patient with multiple 
interventions involving high-risk medications (table  3). 
Most of the intervention suggestions were accepted by 
the medical team.

DISCUSSION
In this quality improvement project, we show that patients at 
high risk of an unplanned readmission who receive a clinical 
pharmacist review of discharge medication reconciliation 
had a significantly lower rate of unplanned hospital readmis-
sions at 7 days with no impact on readmission rates of 14 or 
30 days. Additionally, our analysis of the first 6 months of this 

project showed that clinical pharmacists made a significant 
number of recommendations per patient, and many of these 
recommendations involved high-risk medications. In addi-
tion, the majority of the pharmacist recommendations were 
agreed to by the medical providers. One of the strengths of 
this project is the high number of patients involved and the 
use of the Epic electronic record readmission risk model to 
identify which high-risk patients to include in the interven-
tion group.

Although we were unable to show a difference in read-
mission rates at 14 and 30 days, we feel that the signifi-
cant reduction in readmissions at 7 days is an important 
finding. Despite our quality improvement project 
focusing on a single pharmacy intervention before 
discharge, we were still able to show a significant reduc-
tion in 7-day readmission rates. We hypothesise that 
7-day readmission rates may be more representative of 
factors that can be controlled by the discharging hospital 
and teams. Chin et al found that a hospital’s variability 
in discharge factors dramatically reduced at 7 days, 
supporting the concept that hospitals may be more able 
to affect early readmissions within 7 days of discharge 
rather than late readmissions after 7 days.35 Graham et 
al found early readmissions (before 7 days) were more 
likely to be assessed as preventable by the hospital or 
its provider teams, and those late readmissions (after 

Table 2  Readmission rate, ORs and 95% CIs

Readmission in 7 
days

Readmission in 14 
days

Readmission in 30 
days

Analysis group 1
(pharmacist intervention)

Readmission rate 5.8% 13.7% 25.8%

OR – – –

Analysis group 2 (preintervention 
comparison group)

Readmission rate 7.6% 14.2% 26.0%

OR 1.41 (1.01 to 1.97) 1.10 (0.86 to 1.40) 1.06 (0.87 to 1.29)

Analysis group 3 (concurrent 
comparison group)

Readmission rate 7.6% 13.8% 24.6%

OR 1.49 (1.07 to 2.07) 1.12 (0.8 to 1.43) 1.06 (0.87 to 1.28)

Adjusted covariables: readmission risk score, discharge disposition, age, sex, race/ethnicity and length of stay.

Figure 1  Kaplan-Meier curve—time to readmission.

Table 3  Targeted review of interventions performed by 
clinical pharmacists during first 6 months of the programme

Total number of patients reviewed by a pharmacist 780

Total number of interventions 1366

Total number of patients with at least one 
intervention by a pharmacist

523

Average number of interventions/patient 1.75

Patients with at least one intervention (%) 67%

Interventions that involved high-risk medication* 
(%)

71%

Interventions accepted by the primary medical 
team (%)

89%

*High-risk medications: antithrombotics, antiepileptics, 
antihypertensives, antimicrobials, diuretics, insulin, 
immunosuppressants and opioids.
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7 days) were more likely to be influenced by the clinic 
practices or various home interventions.36 We feel that 
our results are consistent with this concept and that the 
structure of our intervention would impact early postdis-
charge readmissions.

In the first 6 months of our study, the findings of our 
detailed pharmacy intervention data were similar to what 
has been reported in major systematic reviews of this topic 
in the literature12 13 16 22–26 28–30: a significant number of 
interventions per patient, a significant number of inter-
ventions involving high-risk medications and overall high 
acceptance of recommendations by pharmacists by the 
ordering provider.

We believe this is the first study to examine using the Epic 
readmission risk model to guide which patients could be a 
focus for a pharmacy-supported medication reconciliation 
process. This risk model has been previously evaluated by 
our institution and confirmed to have a reasonable discrimi-
natory function to identify patients at higher risk of readmis-
sion.33 Our understanding of the Epic readmission model 
is there is some possibility of customisation of the model’s 
variables and weightings, but our institution has not pursued 
that, so this project represents the implementation of the 
standard risk model. Using this risk model, we can more 
efficiently focus our interventions on those patients at the 
highest risk of unplanned readmission. Based on the results 
we have shown, our hospital has committed to sustaining 
the pharmacy staffing necessary to perform this medication 
reconciliation work.

Our work has limitations to acknowledge. First, this is a 
quality improvement project meant to improve our local 
institution’s performance on unplanned readmission 
rates using accepted best practices of clinical pharmacist 
support during the discharge medication reconciliation 
process. As it is a quality improvement project, these 
specific results may not generalise to other institutions. 
Further limitations of our study include that providing 
discharge patient counselling or postdischarge follow-up 
was not included in our clinical pharmacist interven-
tions. Previous studies have shown benefits in pharmacist 
postdischarge follow-up.22 During the study time frame, 
there were other projects and work within our institu-
tion focused on reducing readmissions from a variety of 
different groups. Due to the inability to pinpoint these 
other studies in terms of time and patient population, we 
are unable to develop a system to control for the effect of 
these other projects on readmission rates. However, these 
other potentially confounding projects would have had 
the same effect on all groups, so despite this, we were still 
able to show a significant difference in 7-day readmission 
rates compared with both control groups. This project was 
a single site readmission project (DUH), so we were not 
capturing readmissions at other hospitals, which could 
have resulted in an imbalance of readmissions in our data 
for those who received clinical pharmacist review versus 
those who did not. A review of 2019 data shows that 87% 
of all readmissions within our health system for DUH 
general medicine discharges are ‘same-site’ returns to 

DUH with 13% being readmitted at the other two Duke 
affiliated hospitals.

In reviewing these findings and how they may guide 
future studies, we feel that the use of an electronic health 
record readmission risk model or scoring system can be 
very useful to identify patients for readmission reduction 
interventions. We feel that it is important to examine the 
most successful practices after discharge, which could 
involve a clinical pharmacist to help impact readmissions.

CONCLUSION
At our local institution, this quality improvement project 
showed that involving clinical pharmacists in the discharge 
medication reconciliation process is associated with a 
significant reduction in 7-day unplanned readmissions. 
The Epic readmission risk score model allowed our phar-
macists to focus their efforts on the highest-risk patients 
rather than randomly decide which patients to intervene 
on. The work of our pharmacists involved making a signif-
icant number of recommendations per patient, many of 
which were adopted by the medical providers, with many 
suggestive changes involving high-risk medications.
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