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Abstract
Background: Clinical guidelines recommend high-intensity statin therapy for patients with acute coronary syndrome (ACS).
However, high-intensity statins have been underused in this population.
Objective: The objective of this study was to evaluate the feasibility of a pharmacist-initiated, team-based intervention for the
delivery of individualized, guideline-directed, lipid-lowering therapy for patients with ACS.
Methods: Patients admitted with ACS to cardiology hospital services at Mayo Clinic from August 1, 2021, to June 19,
2022, were assigned to a pharmacist-initiated, team-based intervention group or control group using a stepped wedge cluster
study design. For the intervention group, pharmacists reviewed electronic health records and provided recommendations for
lipid lowering therapy in hospital and at follow-up. In the control group, patients received usual care. Neither care team, nor
study team were blinded to study assignments. The primary outcome was the proportion of patients with ACS discharged on
high-intensity statins in the intervention group compared to controls. Secondary outcomes were (1) proportion of patients in
the intervention group with a specific templated pharmacist intervention note in their electronic health records, (2) frequency of
low-density lipoprotein (LDL) measurements in hospital, (3) proportion of patients with information related to lipid follow-up
in their discharge summary, and (4) proportion of patients that received LDL monitoring at the outpatient follow-up 4 to 12
weeks post discharge.
Results: There were 410 patients included in this study (median age 68, IQR 60-78 years) of whom 285 (69.5%) were
male. Of the 402 patients alive at discharge, 355 (88.3%) were discharged taking a high-intensity statin, with no significant
difference (P=.89) observed between groups. Lipid levels were measured in the hospital for 176/210 (83.8%) patients in
the intervention group and 155/200 (77.5%) patients in the control group (P=.14). Fifty-four of 205 (26.3%) intervention
patients alive at discharge had lipid-related recommendations in their discharge summary compared to 27/197 (13.7%) controls
(P=.002). Forty-seven of 81 (58%) patients with lipid management recommendations provided in the discharge summary
had LDL measured in the follow-up period compared with only 119/321 (37.1%) patients without these recommendations
(P=.001). Of the 402 patients who survived to discharge, 166 (41.3%) had LDL measured at follow-up; the median LDL level
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was 63.5 (IQR 49-79) mg/dL, and distributions were similar by group (P=.95). Only 101/166 (60.8%) patients had follow-up
LDL values below the target of 70 mg/dL.
Conclusions: During hospitalization, there was no group difference in the primary outcome of high-intensity statin therapy.
Feasibility of an effective pharmacist-initiated intervention for improvement of lipid management was demonstrated by entry
of recommendations in the discharge summary and related adjustment in outpatient statin therapy. The main opportunity for
future improvement in lipid management of patients with ACS is in longitudinal patient follow-up.
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Introduction
Acute coronary syndrome (ACS) includes non–ST-seg-
ment elevation myocardial infarction, ST-segment elevation
myocardial infarction, and unstable angina [1-3]. Current
estimates show approximately 605,000 new and 200,000
recurrent infarctions each year in the United States [4].
In 2020, there were 577,275 hospital discharges for ACS
diagnosis [4]. Data from a Swedish registry revealed that
approximately 20% of 97,254 patients who survived a
myocardial infarction experienced another ischemic cardiac
event within 24 months [5]. The 5-year mortality for ACS
from large United Kingdom and Belgian studies ranged from
19% to 22% [6,7].

High-intensity statin therapy in the setting of ACS yields
significant mortality benefit [8,9]. Hence, clinical practice
guidelines recommend statin therapy for all patients with
ACS [10,11]. In addition to decreasing low-density lipopro-
tein (LDL) levels, statins also promote improvement of
endothelial function, decrease of platelet aggregation, and
reduction of vascular inflammation [12]. LDL levels are used
to monitor the intensity of therapy [13-15]. Guideline-directed
therapies, including statins have been underused by patients
with ACS [16]. For example, in a large cohort of 690,524
patients with recent ACS, less than half were on any statin
therapy, and of those, only 20% were on high-intensity statins
[17]. Another study which included 7802 patients with ACS
showed that only one-third were prescribed a high-intensity
statin at index hospitalization, and of those, only half were on
such therapy at 1 year of follow-up [18].

Prior studies have demonstrated improved use of guide-
line-directed medical therapy by using team-based care
delivery models. One prior study achieved sustained
decreases in LDL levels to a specified target when pharma-
cists managed therapy for patients with coronary heart disease
in the outpatient setting [19]. Another study showed that a
pharmacist-initiated, team-based intervention with admis-
sion and predischarge medication reconciliation resulted in
better adherence to guideline-directed therapy and reduced
readmissions for heart failure [20]. The need to develop care
delivery models to promote improved achievement of LDL
targeted therapy is further supported by the work of Basaran

et al [21] who analyzed data from 873 patients with diabe-
tes from the EHPESUS registry which revealed that only
19.5% of the primary prevention and 7.5% of the secondary
prevention groups were at LDL goal.

We hypothesize that a team-based inpatient care delivery
model with processes that promote use of guideline-directed
medical therapy for lipid management may improve outcomes
for patients with ACS. An important unmet need exists
to optimize lipid-lowering therapy for patients with ACS.
Accordingly, the aim of this pilot study was to evaluate
the feasibility of a pharmacist-initiated, team-based inpatient
intervention for delivery of individualized, guideline-directed,
lipid-lowering therapy recommendations for patients with
ACS and to collect preliminary data on effectiveness.

Methods
Recruitment
This study was performed from August 1, 2021, to June 19,
2022, in 6 cardiology hospital services which admit patients
with suspected ACS at Mayo Clinic in Rochester, Minnesota.
Patients were included if they had a new diagnosis of ACS,
that is, non–ST-segment elevation myocardial infarction,
ST-segment elevation myocardial infarction, or unstable
angina. Inclusion criteria remained consistent throughout the
entire trial.
Study Design

Overview
All patients admitted with ACS to cardiology were assigned
to the control group (usual care) during the first 2 months
of the project. At the beginning of month 3, the cardiol-
ogy services began crossing over to the intervention group
following a stepped wedge design [22] (Figure 1). Hence,
each service had exposure to control status and intervention
status over this study’s period in longitudinal fashion. Each
cluster of patients was unique in that patients with repeat
admissions were excluded from this study at subsequent
admissions. Neither the care team nor this study’s team were
blinded to the intervention status of patients.
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Figure 1. Stepped wedge cluster allocation of patients.

Baseline characteristics were collected for all patients
enrolled. Data collection occurred via electronic health record
(EHR) review after hospital admission with further comple-
tion of the datasets throughout this study’s period. Statin
therapy was defined as low-intensity (pravastatin, 10 and 20
mg; simvastatin, 10 mg), moderate-intensity (atorvastatin, 10
and 20 mg; pravastatin, 40 and 80 mg; rosuvastatin, 5 and 10
mg; and simvastatin 20‐40 mg), or high-intensity (atorvasta-
tin, 40 and 80 mg; rosuvastatin, 20 and 40 mg). Sample size
calculations were not performed. The intent was to collect
data for 8 months based on project timeline and resource
allocation.

Control Group
Patients in the control group received standard care for ACS,
which included high-intensity statin therapy as recommended
by clinical practice guidelines [10,11]. Each cardiology team
was comprised of internal medicine residents and advanced
practice providers (nurse practitioners or physician assistants)
supervised by cardiologists. These teams collaborated with
cardiology pharmacists who provided guidance about lipid
therapy. All cardiology hospital pharmacists rotate covering
each of the 6 services based on pre-established staffing
schedules. The pharmacists were responsible for reviewing
the patients’ EHR daily, completing admission and discharge
medication reconciliation, and entering recommendations.
The pharmacists also rounded with hospital services to
collaborate with the team regarding medication management.

Pharmacist-Initiated, Team-Based Intervention
The primary objective of the pharmacist-initiated, team-based
intervention was to ensure initiation or continuation of
high-intensity statins, and the addition of ezetimibe if patients
already taking a high-intensity statin had LDL level greater
than 70 mg/dL on either most recent outpatient testing or
in-hospital testing.

The cardiology pharmacist group consisted of 9 phar-
macists who received training and instructions regarding
implementation of the intervention in the form of presenta-
tions at staff meetings and written documents shared via
emails describing project goals and pharmacist roles. At the
beginning of each hospital service the cardiologists and team
members entering the intervention phase received an email
from this study’s team describing the project.

After patients with ACS were admitted to the hospital, the
pharmacists reviewed the EHR and interviewed each patient
to gather information about adverse effects to statins and
evaluate preadmission LDL levels from the EHR. Subse-
quently, contraindications to statins and adverse effects were
documented in the pharmacist EHR note. If a lipid panel
was not available from the prior 6 months, the pharmacists
recommended checking a lipid panel to the cardiology team.
After reviewing lipid levels, the pharmacists provided specific
recommendations for the cardiology team members via EHR
text messages and verbal communication.

The pharmacist recommendation algorithm is summarized
in Figure 2. If the patient had an LDL<70 mg/dL and was on
high-intensity statin, this medication was continued without
change; if the LDL was >70 mg/dL while on a high-inten-
sity statin the options were to increase statin dose or add
ezetimibe. If the patient was not on a statin or was taking
a moderate-intensity statin therapy, the moderate-intensity
statin was discontinued and replaced by a high-intensity
statin irrespective of LDL level. If the patient reported prior
statin intolerance management options included (1) initiation
of low-dose rosuvastatin 5 mg once or twice a week, (2)
initiation of ezetimibe only, or (3) patient referral for lipid
clinic consultation at the lipid clinic. Each of these processes
involved patient-centered shared decision-making for the
selection of management strategy.
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Figure 2. Pharmacist recommendation algorithm. LDL: low-density lipoprotein; PCSK9: proprotein convertase subtilisin/kexin type 9.

The pharmacists documented results of their review and
recommendations in specially formatted pharmacist interven-
tion notes. These notes recommended lipid testing within 4 to
12 weeks after discharge and treatment modifications if LDL
remained greater than 70 mg/dL. Pharmacists requested that
cardiology team members include these recommendations in
discharge summaries sent to the primary care provider via
the EHR. Fidelity with the intervention was evaluated by the
presence and content of a templated pharmacist intervention
note documented in the EHR.

The pharmacist notes advised repeat lipid measurements
at 4 to 12 weeks after hospital discharge, as recommended
by the guidelines [10]. However, very few patients under-
went testing within 12 weeks. Therefore, the data collection
interval was extended to 6 months post hospital discharge.
The low frequency of testing by 12 weeks was likely related
to clinical decisions and appointment availability in the
outpatient clinics. The research team had no influence on
scheduling of follow-up appointments.

Follow-up outcomes were obtained by manual review
of the EHR within 6 months of hospital discharge. Varia-
bles obtained at follow-up were LDL results, test date, and
adjustments in lipid therapy made at follow-up. A REDCap
(Research Electronic Data Capture, Vanderbilt University
2022) database and Microsoft Excel (Microsoft Corp) were
used for data entry and storage.

Outcomes
The primary outcome was the proportion of patients with
ACS discharged on high-intensity statins in the intervention
group compared to the control group. Secondary outcomes
were (1) proportion of patients in the intervention group with
the specific templated pharmacist intervention note in the
EHR, (2) frequency of LDL measurements in the hospital,
(3) proportion of patients with information related to lipid
follow-up in their discharge summary, and (4) proportion of

patients that received LDL monitoring at outpatient follow-up
4 to 12 weeks post discharge.

Statistical Methods
Baseline demographic characteristics of the patients were
summarized as median (IQR) for continuous and count
(proportion expressed as percentage) for categorical variables.
Baseline comparisons of continuous variables between groups
were made with the Wilcoxon rank-sum test, and compari-
sons of categorical variables were made with the chi-square
or Fisher exact tests.

Preadmission and in-hospital LDL levels were compared
by a paired t test (2-tailed). The χ2 test was used to assess
impact of the intervention on the number of patients who had
lipid levels measured during hospitalization and the percent-
age of patients discharged on high-intensity statin therapy.
The effect of the intervention on changes made in lipid-lower-
ing therapy from admission to discharge was assessed using
a Cochran-Mantel-Haenszel test. Overall rates of admission
without lipid therapy compared to discharge without lipid
therapy were evaluated by the McNemar test. LDL levels at
follow-up were compared by group with the unpaired t test.
Other follow-up outcome comparisons were made using the
χ2 test.

A stepped wedge cluster design [22] was used for subject
allocation, with the cardiology services as clusters (Figure 1).
We evaluated the effects of admission period and cardiology
service (rows and columns of Figure 1, respectively) on
the outcome variables of interest and found that the results
are not likely confounded by these factors. This evaluation
was initially performed visually. Subsequently variables were
added as covariates in the regression models. No signifi-
cance or discernable patterns were found; therefore, only
the simplified (unadjusted) results are presented herein. For
continuous variables, 95% CIs were computed using the
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normal approximation, and the CIs for binomial proportions
were computed by the Wilson score method [23].

Both intent-to-treat (intended participant assignment based
on stepped wedge design) and subgroup (intervention
received vs all controls) analyses were conducted for
groupwise differences, including when comparing rates of
lipid measurements in hospital and rates of discharge on
high-intensity statins. Analyses evaluating discharge and
follow-up outcomes excluded patients who died during
hospitalization. A 2-sided P value of <.05 was considered
statistically significant. All statistical analyses were conduc-
ted using R (version 4.1.2 software; R Core Team, R
Foundation).
Ethical Considerations
This quality improvement study was approved by the Mayo
Clinic Institutional Review Board (file 21‐009289). All
patients agreed to have their medical records used for
research, and the institutional review board waived the need
for informed consent. Subject data were deidentified in all
analysis files and have been password protected within the
institutional fire walls. No compensation was provided to
study participants.

Results
Cohort Characteristics and Intervention
Delivery
A total of 410 patients admitted with ACS were included
in this study. Of these, 200 patients were assigned to the
control group and 210 to the intervention group (Table 1).
Most patients were men (285/410, 69.5%), and the overall
median age at admission was 68 (IQR 60-78) years. Patients
in the intervention group were slightly older than those in
the control group. The most frequent ACS diagnosis was
non–ST-segment elevation myocardial infarction. Unstable
angina represented a greater proportion of ACS diagnoses
in the intervention group than the control group. Statin use
at admission was similar across this study’s groups, and
almost half of patients were not taking statin medications at
hospital admission. The pharmacists determined that 21/410
(5.1%) patients were not taking statin therapy due to prior
intolerance, 120/410 (29.3%) patients were not taking statins
because therapy had not been recommended, and 27/410
(6.6%) patients had previously declined statin therapy.

Table 1. Clinical characteristics of the cohort.
Characteristic Control group (n=200) Intervention group (n=210) P value
Age (years), median (IQR) 66.5 (59‐77) 71 (61‐79.8) .02a

Sex, n (%)
  Male 137 (68.5) 148 (70.5) .66b

  Female 63 (31.5) 62 (29.5)
Admitting ACSc diagnosis, n (%) .003b

  STEMId 56 (28) 58 (27.6)
  NSTEMIe 141 (70.5) 137 (65.2)
  Unstable angina 1 (0.5) 15 (7.1)
  Other (troponin elevation) 2 (1) 0 (0)
Admission therapy, n (%) .51b

  High-intensity statinf 56 (28) 65 (31)
  Moderate-intensity statin 52 (26) 46 (21.9)
  Low-intensity statin 8 (4) 5 (2.4)
  Nonstatin therapies 3 (1.5) 7 (3.3)
  No lipid-lowering therapy 81 (40.5) 87 (41.4)
Inpatient LDLg level (mg/dL), median (IQR) 93 (60‐127.5) 93.5 (63‐130) .70a

  Missing, n 45 34
Preadmission triglyceride level (mg/dL), median (IQR; within 6 mo) 126 (90‐183.8) 149 (105.5‐215.5) .02a

  Missing, n 74 59
Prior diagnosis of hyperlipidemia, n (%) 173 (88.3) 180 (85.7) .45b

  Missing, n 4 0
Prior diagnosis of hypertriglyceridemia, n (%) 72 (42.9) 104 (58.4) .004b

  Missing, n 32 32
Prior diagnosis of diabetes, n (%) 83 (41.7) 79 (38) .44b

  Missing, n 1 2
Prior diagnosis of hypertension, n (%) 145 (72.5) 147 (70.7) .68b
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Characteristic Control group (n=200) Intervention group (n=210) P value
  Missing, n 0 2
Length of hospital stay (days), median (IQR) 3.5 (2‐10) 4 (2‐9) .96a

In-hospital deaths, n (%) 3 (1.7) 5 (2.4) .73h

  Missing, n 19 3
Left ventricular ejection fraction, median (IQR) 52 (38.8‐60) 55 (44‐61) .04a

  Missing, n 4 4
Comorbidities, n (%)
  Prior myocardial infarction 34 (17.7) 27 (13.3) .23b

   Missing, n 8 7
  Prior CABGi 14 (7.1) 23 (11.2) .15b

   Missing, n 3 5
  Prior PCIj 63 (31.7) 54 (26.1) .22b

   Missing, n 1 3
  Prior diagnosis of heart failure 43 (21.5) 35 (16.7) .22b

   Missing, n 0 1
  Prior diagnosis of peripheral artery disease 17 (8.6) 26 (12.4) .21b

   Missing, n 2 1
  Prior ischemic stroke 11 (5.6) 14 (6.7) .64b

   Missing, n 2 0
aWilcoxon rank-sum test.
bPearson chi-square test.
cACS: acute coronary syndrome.
dSTEMI: ST-segment elevation myocardial infarction.
eNSTEMI: non–ST-segment elevation myocardial infarction.
fSee methods section for definitions of statin intensity.
gLDL: low-density lipoprotein.
hFisher exact test.
iCABG: coronary artery bypass grafting.
jPCI: percutaneous coronary intervention.

Preadmission LDL test results were available for 272/410
(66.3%) participants. The median preadmission LDL was 93
(IQR 63-134) mg/dL and did not differ significantly between
groups. The distribution of hyperlipidemia, hypertension, and
diabetes was also similar. However, patients in the inter-
vention group were more likely to have prior diagnosis of
elevated triglycerides and slightly higher levels of preadmis-
sion triglycerides.

The median length of hospitalization was 4 (IQR 2-9)
days, which was similar across this study’s groups. During
hospitalization, 8 patients died, and the distribution of deaths
was similar across study groups. Deaths were attributed
to complications of acute myocardial infarction, including
cardiogenic shock, respiratory failure from volume overload,
or multisystem organ failure from persistent hypotension.
The distribution was similar across this study’s groups for
left ventricular ejection fraction, prior myocardial infarc-
tion, history of coronary artery bypass grafting, percutane-
ous coronary intervention, peripheral arterial disease, and
ischemic stroke.

To assign recommendations, the pharmacists categorized
patients into the following groups: taking a high-intensity
statin, had a recent LDL less than 70 mg/dL; taking a
high-intensity statin, had a recent LDL more than 70 mg/dL;
taking a high-intensity statin, no evidence of a recent
LDL measurement; taking low- to moderate-intensity statin
therapy; taking lipid-lowering therapy other than a statin; and
not taking lipid lowering therapy. Table 2 shows prehospi-
tal statin dosing cross-referenced with LDL values. The
proportion of patients in these subgroups was not significantly
different (P=.49).

Among the 402 patients alive at hospital discharge,
the proportion of patients taking a high-intensity statin
increased significantly (P<.001) compared with admission
proportions (121/402, 30.1% to 355/402, 88.3%) includ-
ing 182/205 (88.8%, 95% CI 83.4%‐92.6%) intervention
participants (intent-to-treat group) and 173/197 (87.8%, 95%
CI 82.2%‐91.9%) control participants (P=.89; Table 3). When
the subgroup that received the intervention (n=100) was
compared to all controls, the findings were similar.

Table 2. Prehospital statin therapy and low-density lipoprotein (LDL) levels of patients taking lipid-lowering therapy.a
Admission therapy and prehospital LDL level Control group (n=200), n (%) Intervention group (n=210), n (%)
HISb with LDL≤70 mg/dL 26 (13) 23 (11)
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Admission therapy and prehospital LDL level Control group (n=200), n (%) Intervention group (n=210), n (%)
HIS with LDL>70 mg/dL 20 (10) 29 (13.8)
HIS with no recent LDL measurement 10 (5) 13 (6.2)
Low- to moderate-intensity statin 60 (30) 51 (24.3)
Nonstatin therapy 3 (1.5) 7 (3.3)
No lipid therapy 81 (40.5) 87 (41.4)

aThe difference between groups was not statistically significant (P=.49).
bHIS: high-intensity statin.

Table 3. Admission and discharge medications among nondeceased patients.
Treatment Control group (n=197), n (%) Intervention group (n=205), n (%)
Admission therapy
  No lipid therapy 80 (40.6) 85 (41.5)
  Nonstatin 3 (1.5) 6 (2.9)
  Low-intensity statin 8 (4.1) 5 (2.4)
  Moderate-intensity statin 50 (25.4) 44 (21.5)
  High-intensity statin 56 (28.4) 65 (31.7)
Discharge therapy
  No lipid therapy 4 (2) 4 (2)
  Nonstatin 4 (2) 4 (2)
  Low-intensity statin 0 (0) 3 (1.5)
  Moderate-intensity statin 16 (8.1) 12 (5.9)
  High-intensity statin 173 (87.8) 182 (88.8)

Importantly, among patients admitted who were not receiving
lipid lowering therapy, most (146/165, 88.5%) were taking
a statin at discharge, and almost all patients taking a high-
intensity statin at admission were taking a high-intensity
statin at discharge (120/121, 99.2%). Eight patients were
discharged without lipid therapy for the following reasons: 1
patient reported statin intolerance and recommendations were
made to consider outpatient PCSK9 (proprotein convertase
subtilisin/kexin type 9) inhibitor therapy; 1 patient had a
non-ACS diagnosis at discharge, and statin therapy was
appropriately withheld; 1 patient had an extremely low LDL
level and preferred not to take a statin at hospital discharge;

and 5 patients were discharged to hospice care and given
comfort care.

The intervention was implemented for only 100/210
(47.6%) patients allocated to the intervention group, as
indicated by inclusion of the templated pharmacist interven-
tion note. Of these patients, 2 died in the hospital and
8 had recommendations coded as “other.” The pharmacist
recommendations were followed (measured by the discharge
medication) for 85 of the remaining 90 patients (94.4%, 95%
CI 86.9%‐97.9%). See Table 4 for additional details.

Table 4. Pharmacist recommendations and inpatient low-density lipoprotein (LDL) measurement.

Type of delivery recommendation
Control group
(n=200), n (%)

Intervention group
(n=210), n (%) P valuea

Type of pharmacist EHRb note <.001
  Intervention and routine notes 0 (0) 9 (4.3)
  Intervention note only 3 (1.5) 91 (43.3)
  No note or note without lipid therapy recommendation 114 (57) 62 (29.5)
  Routine notes only 83 (41.5) 48 (22.9)
Intervention assigned and received
  Yes N/Ac 100 (47.6)
Pharmacist recommendation <.001
  Continue current statin 16 (8) 19 (9)
  Continue high-intensity statin, add ezetimibe 2 (1) 5 (2.4)
  Change from admission high-intensity statin to alternative high-intensity

statin
2 (1) 2 (1)
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Type of delivery recommendation
Control group
(n=200), n (%)

Intervention group
(n=210), n (%) P valuea

  Recommend increase in high-intensity statin dose 6 (3) 12 (5.7)
  Begin low- to moderate-intensity statin 2 (1) 1 (0.5)
  Begin high-intensity statin 25 (12.5) 61 (29)
  Begin high-intensity statin and ezetimibe 3 (1.5) 0 (0)
  Change from low- to moderate-intensity statin to a high-intensity statin 24 (12) 30 (14.3)
  No note or note without recommendation 114 (57) 62 (29.5)
  Otherd 6 (3) 18 (8.6)
Inpatient LDL measured 155 (77.5) 176 (83.8) .14

aPearson chi-square test.
bEHR: electronic health record.
cN/A: not applicable.
dOther recommendations included alternative dosing and or drug due to past statin intolerance (12 patients), recommendation to start nonstatin
therapy (2 patients), transition to hospice care (1 patient), remainder were variations due to coding interpretations (9 patients).

The intent-to-treat analysis showed that 176/210 (83.8%,
95% CI 78%‐88.4%) patients in the intervention group had
lipid levels measured in the hospital compared with 155/200
(77.5%, 95% CI 71%‐83%) patients in the control group
(P=.14; Table 4). The subgroup analysis yielded a similar,
nonsignificant finding (87/100, 87% vs 155/200, 77.5%;
P=.07). Among patients who had both before and after
admission LDL levels measured, their mean in-hospital LDL
levels were approximately 13 mg/dL lower than they were
before hospitalization (95% CI −17.9 to −7.5; P<.001).
Follow-Up Period Results
Patients randomized to the intervention group were more
likely to have lipid management recommendations added to
the discharge summary (54/205, 26.3% vs 27/197, 13.7%;
P=.002). Subgroup analysis showed a stronger effect, with
38/98 (38.8%) patients who received the intervention having
a lipid management recommendation in their discharge

summary versus 27/197 (13.7%) controls (P<.001). More
than half (47/81, 58%) of patients with the lipid management
recommendations provided in the discharge summary had
LDL measured in the follow-up period compared with only
119/321 (37.1%) patients without these recommendations
(P=.001).

Documented LDL levels within 4 weeks to 6 months
of hospital discharge were available for 166/402 (41.3%)
patients and included 90/205 (43.9%) of intervention patients
and 76/197 (38.6%) control patients (P=.33; Table 5). Among
the 166 patients with LDL measurements, 101 (60.8%) had
a follow-up LDL of less than 70 mg/dL (median 63.5, IQR
49-79 mg/dL). The median LDL for the control group was
63 (IQR 49-79) mg/dL and for the intervention group 63.5
(IQR 49-78) mg/dL (P=.95). The subgroup analysis resulted
in comparable findings.

Table 5. Low-density lipoprotein (LDL) assessment after patient discharge.a

LDL
Control group
(n=197)

Intervention group
(n=205) P value

LDL measured within 4 weeks to 6 months after discharge, n (%) 76 (38.6) 90 (43.9) .33b

LDL values (mg/dL), median (IQR) 63 (49‐79) 63.5 (49-78) .95c
aThe 8 patients who died were excluded.
bPearson chi-square test.
cWilcoxon rank-sum test.

Discussion
Principal Findings
In the intervention group of this pilot study, pharmacists
provided patient-centered recommendations for guideline-
directed statin therapy for patients with ACS. At hospital
discharge patients in both the intervention and controls groups
had very high rates of statin therapy, such that there was
no significant difference for the primary outcome. However,
there was significant differences in the rates of pharma-
cist recommendations being incorporated into the discharge

summary for the intervention group and these recommenda-
tions were associated with higher rates of adjustment of
statin therapy at outpatient patient follow-up. These findings
demonstrate feasibility for implementation and effectiveness
of the in-hospital pharmacist intervention.

The rates for patients taking a high-intensity statin were
high in both the intervention and control groups. The change
in therapy from admission to discharge was significant;
all patients eligible and consenting to statin therapy were
discharged with high-intensity therapy.
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A stepped wedge cluster study design was used due
to logistical constraints [22] as subjects were recruited
from 6 different cardiology hospital services. These serv-
ices served as natural clusters for which we delivered the
intervention. Additionally, by implementing the intervention
within these clusters, both the staff training and deployment
of the intervention were possible. Intervention fidelity was
determined by the presence of the templated pharmacist
intervention note in the EHR. We found that only 100/210
(47.6%) intervention patients had this type of note documen-
ted. During this pilot, the pharmacists were not assigned to
a particular service but rather served patients across multiple
services. This meant pharmacists sometimes cared for both
control and intervention patients in the same day, increasing
the risk of low intervention fidelity (intervention patients not
receiving) or intervention contamination (controls receiving
the intervention). While intervention fidelity was low, there
were only 3 instances of intervention templated pharmacist
notes appearing in the record for a control patient demonstrat-
ing low rate of contamination.

The estimated rate of in-hospital LDL measurement was
similar between this study’s groups. In both groups adher-
ence to measuring LDL levels during hospitalization was
high minimizing the opportunity to show improvement as
a result of the intervention. LDL levels during hospitaliza-
tion for ACS were lower than levels that were obtained
within 6 months before the hospitalization for ACS event.
Despite many patients having an in-patient LDL of 70 mg/dL
or less during hospitalization, levels should be checked at
follow-up post hospitalization as dose adjustments may be
necessary. Overall, there was no difference in post hospitali-
zation lipid measurement between the control group and the
intervention group. However, intervention patients were more
likely to have lipid therapy follow-up recommendations in
their discharge summary, although rates were low in both
groups. The subset of patients that had pharmacist recommen-
dations for lipid testing available in the discharge summary
had higher frequency of post hospital lipid measurement
(P=.001). This suggests that communication of pharmacists’
recommendations for outpatient providers delivered via
discharge summaries was beneficial, indicating that pharma-
cists may have an important role in bridging the gap in
guideline directed care between in-hospital and outpatient
care [19].

The intervention proposed herein focused on recommenda-
tions for guideline-directed optimal lipid lowering medical
therapy. Diet and lifestyle modifications are also impor-
tant in lipid optimization and these recommendations are
routinely provided for each patient during the hospitaliza-
tion by the multidisciplinary care teams. Additionally, at
hospital discharge patients with ACS are routinely referred
to cardiac rehabilitation programs which include comprehen-
sive cardiovascular health assessment as well as detailed
recommendations for diet and physical activity [11].
Comparison to Previous Work
Prior studies have demonstrated a strong correlation between
statin intensity and survival of patients with ACS [9].

High-intensity statins have a significant impact on survival
over moderate-intensity statins regardless of patient age [9].
For this reason, our clinical practice standard is to initiate
high-intensity statins on all patients hospitalized with ACS.
Low use of high-intensity statins post-ACS and difficulty
achieving goal LDL levels may have a negative impact on
secondary prevention in patients with ACS [9].

In a prior study it was demonstrated that high-intensity
statin use increased from 33.5% to 71.7% among 117,989
patients discharged from the hospital after a myocardial
infarction [24]. In that same study, older age, previous
statin intolerance, drug interactions, and long-term care goals
were reasons that statins were not prescribed at discharge.
This study showed high frequency of high-intensity statin
prescription at hospital discharge, with the main reason that
patients did not take statins being discharge to hospice for
end-of-life care.

Previous studies demonstrated that in-hospital and
follow-up lipid testing was associated with higher rates of
lipid lowering therapy prescription for patients with ACS
[25,26]. In this study herein, a lipid therapy recommenda-
tion in the discharge summary was associated with higher
frequency of lipid testing during the follow-up period. In this
study only 41% of all study patients had LDL measurements
within 6 months of hospital discharge. Of these patients, 61%
had an LDL less than 70 mg/dL hence nearly 40% of these
patients with ACS who had follow-up lipid testing were not at
goal LDL. This low frequency of follow-up lipid testing is not
unique to our practice. Wang et al [27] compared data from
11,046 patients aged older than 65 years discharged from
the hospital being alive from the years 2007 to 2009. In this
cohort, only 44% had repeat lipid testing at 90 days and only
14% were on high-intensity statins at 1 year follow-up.

These studies highlight the need to implement interven-
tions that improve use of lipid follow-up testing for the
achievement of target LDL levels. Our proposed interven-
tion promotes improved communication among providers
including pharmacist recommendations shared across the
continuum of care targeting lipid lowering therapy.
Strengths and Limitations
The primary strength of this study is the ability to demon-
strate alignment with guideline-directed high-intensity statin
therapy for patients with ACS, while no overall group
differences were seen this study identified an important
opportunity for improved longitudinal lipid lowering therapy
after hospital discharge in this high-risk population. This
study suggests that a team-based approach may be successful
and warrants further investigation and refinement.

This study has limitations. First, this pilot study was not
randomized due to limited availability of clinical resources
during this study’s period. Randomization will be used in
a larger implementation trial which will be endorsed by
administrative leadership for coordination and allocation of
clinical resources. Second, the intervention fidelity was low,
potentially diluting the treatment effect and reducing sample
size for the subgroup analysis of patients who received
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the intervention. This reduced sample size limited statistical
power for detecting group differences. There are several
potential causes for the observed low intervention fidelity.
A new hospital wide pharmacy initiative for documentation of
pharmacist progress notes in the EHR on all patients started
during this pilot. Additionally, some patients were discharged
from the hospital within 24 hours after admission, which
decreased the opportunity for the pharmacists to deliver the
intervention. In the future, we plan to schedule activation
of the intervention for a time that does not overlap with
other institutional quality initiatives and improve integration
of the intervention with discharge planning. Lastly, the same
pharmacists were responsible for covering multiple services
and sometimes cared for intervention and control patients
on the same day. In the future, we plan to clearly label in
the EHR which group a given patient is assigned (control
vs intervention) and when possible, assign different pharma-
cists for control versus intervention groups. By improving
intervention fidelity, statistical power for detecting group
differences may also improve.

Results of this study may be generalized to other clinical
settings which use team-based care in hospital practice. The
institution in which this project was performed is a referral
institution which may have impacted the patient population
characteristics, but the care delivered was guideline-based
which should be adopted in all institutions caring for patients
with ACS.
Future Directions
Shortly after this pilot study was completed, an Expert
Consensus paper was published by the American College
of Cardiology recommending a target LDL for high-risk

(including post-ACS) patients of less than 55 mg/dL [28].
The primary driver behind this consensus document was
the availability of nonstatin therapies that can further help
optimize LDL levels [6]. With lower target LDL levels and
the advent of nonstatin lipid lowering therapies, the proposed
intervention could be adapted to lower target LDL levels and
the use of both statins and nonstatin lipid lowering therapies
to promote the delivery of guideline-directed care for patients
with ACS.

Multidisciplinary care processes that enhance best
practices for lipid management after hospital discharge of
patients with ACS are needed to improve patient outcomes.
A previously published study from our institution described a
proactive model of care delivery assisted by clinical decision
support technology to promote delivery of guideline-directed
care after patients are discharged from the hospital [9]. We
envision implementation of a combined process of using the
pharmacist-initiated program for lipid lowering therapy in
the hospital setting and a proactive outpatient model of care
delivery supported by technology as described by Partogi et al
[29] to promote longitudinal patient follow-up for delivery of
secondary prevention guideline-directed therapy for patients
with ACS.
Conclusions
An inpatient pharmacist-initiated intervention for lipid
lowering therapy for patients with ACS is feasible and
effective. The main opportunity for future improvement
lies in improved communication via the EHR to promote
optimization of lipid management in longitudinal outpatient
follow-up in this population.
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