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ABSTRACT
ISS
BACKGROUND Thromboprophylaxis for medically ill patients during hospitalization and postdischarge remains

underutilized. Clinical decision support (CDS) may address this need if embedded within workflow, interchangeable

among electronic health records (EHRs), and anchored on a validated model.

OBJECTIVES The purpose of this study was to assess the clinical impact of a universal EHR-integrated CDS tool based

on the International Medical Prevention Registry on Venous Thromboembolism plus D-Dimer venous thromboembolism

model.

METHODS This was a cluster randomized trial of 4 tertiary academic hospitals from December 21, 2020 to January 21,

2022. Inpatients over age 60 with key medical illnesses were eligible. We embedded CDS at admission and discharge.

Hospitals were randomized to intervention (CDS; n ¼ 2) vs usual care (n ¼ 2) groups. The primary outcome was rate of

appropriate thromboprophylaxis. Secondary outcomes included venous, arterial, and total thromboembolism, major

bleeding, and all-cause mortality through 30 days postdischarge.

RESULTS After exclusions, 10,699 of 19,823 patients were analyzed. Intervention group tool adoption was 77.8%.

Appropriate thromboprophylaxis was increased at intervention hospitals, both inpatient (80.1% vs 72.5%, OR: 1.52,

95% CI: 1.39-1.67) and at discharge (13.6% vs 7.5%, OR: 1.93, 95% CI: 1.60-2.33). There were fewer venous (2.7% vs

3.3%, OR: 0.80, 95% CI: 0.64-1.00), arterial (0.25% vs 0.70%, OR: 0.35, 95% CI: 0.19-0.67), and total thromboem-

bolisms (2.9% vs 4.0%, OR: 0.71, 95% CI: 0.58-0.88) at intervention hospitals. Major bleeding was rare and did not

differ between groups. Mortality was higher at intervention hospitals (9.1% vs 7.0%, OR: 1.32, 95% CI: 1.15-1.53).

CONCLUSIONS EHR-embedded CDS increased appropriate thromboprophylaxis and reduced thromboembolism

without increasing major bleeding in medically ill inpatients. Mortality was higher at intervention hospitals.

(JACC Adv 2023;2:100597) © 2023 The Authors. Published by Elsevier on behalf of the American College of

Cardiology Foundation. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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H ospital-acquired venous thrombo-
embolism (VTE) in medical inpa-
tients during hospital stay and

within 3 months after hospitalization re-
mains a major cause of morbidity and mortal-
ity and constitutes the majority of the
populational burden of VTE.1-3 Appropriate
in-hospital and extended postdischarge
thromboprophylaxis in medical inpatients re-
duces the risk of symptomatic and fatal
VTE.4,5 Recently, extended postdischarge thrombo-
prophylaxis in this population has been shown to
reduce arterial thromboembolism including nonhe-
morrhagic stroke.6-8 Antithrombotic guidelines
recommend thromboprophylaxis in hospitalized
medical patients with extended postdischarge throm-
boprophylaxis recommended in some guidelines us-
ing an individualized approach or in high-risk
COVID-19 patients,9,10 while prevention of VTE is
ranked the number one strategy to improve patient
safety in hospitals.9,11,12

Despite these data, thromboprophylaxis in medical
inpatients both in-hospital and immediately post-
discharge continues to be underutilized.4 Of health
system-wide approaches, electronic alerts incorpo-
rating venous thrombosis risk models and national
health programs for venous thrombosis prevention
have been shown to increase the proportion of hos-
pitalized patients that receive appropriate thrombo-
prophylaxis and decrease the incidence of
symptomatic, and rarely fatal, VTE.13-15 However,
both of these interventions are problematic or diffi-
cult to apply outside of national health systems.

Clinical decision support (CDS) tools can assist
providers in adopting best practices to potentially
improve care.16 Our health informatics group devel-
oped a novel universal platform for integrating CDS
into any electronic health record (EHR) and demon-
strated its effectiveness in increasing adoption of
evidence-based best practice17,18 We designed a
multicenter cluster randomized trial to evaluate
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whether use of a universal, platform-agnostic, EHR-
embedded VTE risk assessment model with inte-
grated CDS would: 1) increase rates of appropriate
thromboprophylaxis; and thus 2) reduce thrombo-
embolism compared to usual medical care in hospi-
talized medically ill patients.

METHODS

TRIAL OVERSIGHT. The IMPROVE-DD (International
Medical Prevention Registry on Venous Thrombo-
embolism plus D-Dimer) study was an investigator-
initiated, multicenter, cluster randomized trial
(NCT04768036) conducted at 4 New York tertiary
academic hospitals that were selected based on his-
torical admissions for medical illness diagnoses and
supported by Janssen Scientific Affairs, LLC. The
implemented clinical decision-support tool was
developed as part of an Agency for Healthcare
Research and Quality grant (R18HS026196). The fun-
ders had no role in trial design or conduct, data
collection or analysis, or writing of the manuscript.
The study was approved by the health system insti-
tutional review board overseeing all study hospitals
with waiver of informed consent for this quality
implementation study and was conducted in accor-
dance with principles of the Declaration of Helsinki
(Supplemental Appendix). It followed the Consoli-
dated Standards of Reporting Trials guideline. The
authors assume responsibility for the accuracy and
completeness of the data, analyses, and protocol.

PATIENTS. Patients were enrolled consecutively
upon admission to study hospitals from December 21,
2020, to January 21, 2022. Eligible inpatients were
medically ill (nonsurgical, nonobstetrical) individuals
aged over 60 years with a primary diagnosis of at least
one of 5 medical illness categories and additional risk
factors per the IMPROVE-DD VTE score
(Supplemental Tables 1 and 2). All patients were
assumed to have had relative immobility for at least
1 day during hospitalization, utilizing a more
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pragmatic definition of immobility for the score.19

Patients requiring therapeutic anticoagulation pre-
hospitalization or within the first 24 hours of hospi-
talization were excluded, as were those with a history
of atrial fibrillation. IMPROVE-DD VTE risk factors,
relevant laboratory parameters, biometrics, comor-
bidities, and medications were captured via elec-
tronic data capture. In addition, patients for whom
the tool was not available due to technical or other
reasons were further excluded in order to measure
the actual impact of deploying the tool.20 Full criteria
are listed in the protocol.

TRIAL PROCEDURES. Hospitals were randomized
using a 1:1 allocation into 2 study groups, clustered
at the hospital level: the intervention group where
the IMPROVE-DD VTE clinical decision-support tool
was deployed or the control group with usual med-
ical care. Hospital selection was based on hospital
size and historical admissions for acute medical
illness diagnoses. Baseline education was conducted
for all sites via web-based modules of thromboem-
bolism risk assessment using the score. The
IMPROVE-DD VTE score is a refinement of the orig-
inal IMPROVE VTE score,21 which incorporates
elevated D-dimer to improve model discrimination,22

and has been validated in acutely ill hospitalized
medical patients, including those with COVID-19,
using established cutoffs.23-25 The original
IMPROVE VTE score is endorsed by antithrombotic
guidelines in hospitalized medical patients.11 The
tool leverages an EHR-agnostic platform, enabling
integration of CDS with theoretically any EHR or
health information exchange system (Supplemental
Figure 1). The platform is web-based and offers
bidirectional communication and workflow integra-
tion with the “host” EHR via open standards, such as
substitutable medical applications, reusable tech-
nologies on fast healthcare interoperability resource
and CDS hooks, or vendor-specific application pro-
gramming interfaces. All sites operated within Sun-
rise Clinical Manager 18.4 (Allscripts Healthcare
Solutions, Inc) and were integrated using Allscripts
application programming interfaces. At intervention
sites, providers encountered 3 launch points for the
tool within patient records: the admission history
and physical note, thromboprophylaxis order entry,
and the discharge medication reconciliation. Though
the tool was a required element of all 3 workflows,
opt-out capabilities were incorporated that included
identification of nonmedical (surgical) patients,
nonavailability of the tool, and high bleed risk
criteria as judged by the treating physician.
Launching the tool presented a graphical modified
IMPROVE-DD VTE calculator with buttons to select
risk factors (Supplemental Figure 1). To enhance ac-
curacy and usability, risk factors were prepopulated
based on patient-specific EHR data when available.
Scores captured through the tool were written to the
EHR and auto-populated within thromboprophylaxis
order entry. Thromboprophylaxis options (including
type, dose, and duration of postdischarge anticoag-
ulant) were based on IMPROVE-DD VTE risk score
cutoffs as well as biometrics and creatinine clear-
ance. On admission, scores of at least 2 prompted
options for inpatient pharmacologic thrombopro-
phylaxis, preferably with low molecular weight
heparin or unfractionated heparin. At discharge,
scores of 4 or more displayed a statement within the
medication reconciliation recommending extended
postdischarge thromboprophylaxis, preferably with
rivaroxaban 10 mg once daily for 30 days. During the
study, the COVID-19 pandemic necessitated health
system guidance on thromboprophylaxis that
mirrored established IMPROVE-DD VTE score
thresholds for at-risk and high-risk COVID-19 pa-
tients over 60 years of age.

An algorithm was developed to simulate IMPROVE-
DD VTE scores at control sites where the tool was not
deployed (Supplemental Appendix). This algorithm
was validated in the control population via manual
chart review and showed a concordance of 100%. All
patients in the trial had a minimum IMPROVE-DD
VTE score of 2, given age and immobility criteria.

OUTCOMES. The primary outcome was the rate of
appropriate thromboprophylaxis for at-risk inpatients
(score 2-3) and high-risk inpatients (score $4).
Appropriate thromboprophylaxis was defined as a
range of subcutaneous doses for heparins and fon-
daparinux, as well as low-dose direct oral anticoagu-
lants; escalated doses were considered appropriate
for COVID inpatients. The full appropriate thrombo-
prophylaxis algorithm is available on page 5 of the
Supplemental Appendix. The algorithm was based on
our institution’s policies derived from professional
society guidelines and high-quality data for throm-
boprophylaxis of hospitalized medical patients,
including those with COVID-19, in the inpatient and
immediate postdischarge period.5,9,11,26 Secondary
outcomes prespecified in the final version of the
protocol included rates of venous, arterial, and total
thromboembolism through 30 days postdischarge;
major bleeding through 30 days postdischarge; and
all with follow-up to 90 days postdischarge; and all-
cause mortality through 30 days postdischarge.
Additional composite outcomes included: 1) all-cause
readmission or death through 30 days; and 2) VTE

https://doi.org/10.1016/j.jacadv.2023.100597
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readmission or death through 30 days with follow-up
to 90 days.

Thromboembolic events were diagnosed with im-
aging studies that included programmatic radiology
report language coding for capturing positive studies
and were validated by chart review. Major bleeding
was defined according to the International Society on
Thrombosis and Haemostasis criteria.27 Both throm-
boembolic and major bleeding events were adjudi-
cated by manual chart review by 3 reviewers with
kappa scores of 0.9 for any event type. Disagreements
were resolved by an experienced reviewer (A.C.S. or
M.G.). Adjudication criteria are included within
Supplemental Appendix.

STATISTICAL ANALYSIS. Sample size calculation
was based on a secondary outcome—rate of VTE—
which required a larger sample size than the primary
outcome. Assuming a VTE rate of 1.5% in the control
group and 0.9% in the intervention group (40%
relative risk reduction, OR: 0.60),13 a sample size of
5,324 subjects per group would achieve 80% power
(chi-square test a ¼ 0.05).

For the primary outcome—rate of appropriate
thromboprophylaxis—we extrapolated historical sys-
tem data24 to estimate a rate of 55% in the control
group. Assuming an 11% absolute increase in appro-
priate thromboprophylaxis13,28 in the intervention
group (66%, OR: 0.63), the calculated sample size
would achieve 99% power to detect a significant dif-
ference. These calculations account for the design
effect (1.03)29 introduced by the intracluster correla-
tion inherent in the cluster design.

Random effects logistic regression using the logit
link function (to account for clustering within hos-
pitals) was used to determine whether there was a
difference in rates of appropriate prophylaxis during
the inpatient or postdischarge periods; mortality
from admission up to 30 days postdischarge; venous,
arterial, and total thromboembolic events or major
bleeding (each outcome analyzed separately) from
admission up to 30 days postdischarge (and sepa-
rately for 90-day follow-up); the composite of 30-
day all-cause readmission or death; and the com-
posite of 30-day VTE readmission or death with 90-
day follow-up. All outcome analyses were per-
formed using SAS version 9.4. Demographics were
analyzed using the R programming language in
Jamovi version 2.2.5.30,31

RESULTS

CHARACTERISTICS OF THE POPULATION. After
cluster randomization of 4 academic tertiary hospi-
tals, the 2 hospitals in the control group had 8,514
patients, and the 2 hospitals in the intervention group
had 11,309 patients with a defined medical illness that
met inclusion criteria. Of these, 3,064 patients in the
control group and 3,677 patients in the intervention
group met exclusionary criteria and were excluded
from the analysis. Of the remaining patients at the
intervention group, 2,383 patients were excluded due
to provider opt-out from the tool (n ¼ 1,697) or non-
completion of any thromboembolism risk assessment
(n ¼ 686). Thus, 10,699 patients were analyzed (5,249
at intervention sites and 5,450 at control sites)
(Figure 1). Provider adoption rates of the tool at
intervention sites were 77.8% (22.2% opted out of the
tool). Baseline characteristics were broadly compara-
ble between groups, though White race was more
represented in the control group. The intervention
group admitted numerically more patients with
COVID-19 with correspondingly greater antiviral use,
and numerically more patients in the control group
had inflammatory/rheumatic disease (Table 1).

30-DAY STUDY OUTCOMES. Among 10,699 in-
patients analyzed, appropriate thromboprophylaxis
rates for at-risk VTE patients were higher at inter-
vention sites than control sites (80.1% vs 72.5%, OR:
1.52, 95% CI: 1.39 to 1.67, P< 0.001). Among 5,021 high-
VTE-risk patients who had not had thromboembolic or
bleeding events during index admission, 526 (10.5%)
received appropriate extended thromboprophylaxis at
discharge, including 13.6% at intervention sites vs
7.5% at control sites (OR: 1.93, 95% CI: 1.60-2.33,
P < 0.001) (Table 2).

There were fewer venous (2.7% vs 3.3%, OR: 0.80,
95% CI: 0.64-1.00, P ¼ 0.048), arterial (0.25% vs
0.70%, OR: 0.35, 95% CI: 0.19-0.67, P < 0.001), and
total thromboembolic events (2.9% vs 4.0%, OR: 0.71,
95% CI: 0.58-0.88, P ¼ 0.002) at intervention sites
from admission through 30 days postdischarge
(Table 2). Major bleeding was rare during hospitali-
zation through 30 days postdischarge (0.15% vs 0.22%
at intervention vs control sites) (Table 2). Mortality
was higher at intervention sites from admission
through 30 days postdischarge (9.1% vs 7.0%, OR:
1.32, 95% CI: 1.15-1.53, P < 0.001) (Table 2). Compo-
nents of thromboembolic and major bleeding events
at 30 days are reported in Supplemental Table 3.

Of all patients, 10,024 were discharged alive.
Among these, 1,767 (17.6%) had an all-cause read-
mission or died within 30 days postdischarge,
including 922/5,142 (17.9%) control patients and 845/
4,882 (17.3%) intervention patients, a nonsignificant
difference. Similarly, there was no difference in the
composite of death or VTE readmission at 30 days
postdischarge (Table 2).

https://doi.org/10.1016/j.jacadv.2023.100597
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FIGURE 1 CONSORT Study Flow Diagram

CONSORT ¼ Consolidated Standards of Reporting Trials; IMPROVE-DD ¼ International Medical Prevention Registry on Venous Thrombo-

embolism Plus D-Dimer; VTE ¼ venous thromboembolism.
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OUTCOMES DURING STUDY FOLLOW-UP. Significant
reductions in arterial (0.32% vs 0.86%, OR: 0.37,
95% CI: 0.21-0.65, P < 0.001) and total thromboem-
bolic events (3.3% vs 4.5%, OR: 0.72, 95% CI: 0.59-
0.88, P ¼ 0.001) were maintained through the 90-day
postdischarge follow-up period. The reduction in VTE
events through the follow-up study period missed
statistical significance (3.0% vs 3.7%, OR: 0.81 95% CI:
0.66-1.00, P ¼ 0.052). Major bleeding was rare and did
not differ among groups through the follow-up period
(0.19% vs 0.25% at intervention vs control sites,
respectively). Components of thromboembolic and
major bleed events through the follow-up period are
reported in Supplemental Table 4. There was
increased death or VTE readmission at intervention
vs control sites (4.9% vs 3.7%, OR: 1.34,

https://doi.org/10.1016/j.jacadv.2023.100597


TABLE 1 Baseline and Other Characteristics of Patients in Intervention and Control Groups

Intervention Group
(n ¼ 5,249)

Control Group
(n ¼ 5,450)

Standardized
Differencesc

Age, y 75.1 � 9.9 74.3 � 9.6 0.08

Sex

Male 2,492 (47.5%) 2,522 (46.3%) 0.02

Female 2,757 (52.5%) 2,928 (53.7%) N/A

Race

Caucasian/White 2,340 (44.6%) 3,743 (68.7%) 0.50

African American/Black 1,075 (20.5%) 607 (11.1%) 0.26

Asian 812 (15.5%) 205 (3.8%) 0.40

Other/multiracial/unknown 1,022 (19.5%) 895 (16.4%) N/A

Ethnicity

Not Hispanic or Latino 4,629 (88.2%) 4,725 (86.7%) 0.05

Hispanic or Latino 475 (9.0%) 575 (10.6%) 0.05

Declined/unknown 145 (2.8%) 150 (2.8%) 0.00

BMI, kg/m2 27.5 � 7.8 28.2 � 8.0 0.09

Charlson comorbidity index age adjusted 3.5 � 1.2 3.5 � 1.4 0.00

Acute medical illness

Acute infectious disease/sepsis 2,920 (53.6%) 3,277 (62.4%) 0.18

COVID-19 1,355 (25.8%) 1,097 (20.1%) 0.14

Heart failure 441 (8.4%) 338 (6.2%) 0.08

Severe lung disease 1,014 (19.3%) 1,086 (19.9%) 0.02

Ischemic stroke 410 (7.8%) 514 (9.4%) 0.06

Inflammatory disease including rheumatic diseases 107 (2.0%) 592 (10.9%) 0.37

IMPROVE-DD VTE risk factors

Previous VTE 365 (7.0%) 542 (9.9%) 0.10

Known thrombophilia 44 (0.8%) 43 (0.8%) 0.00

Cancer active or history within 5 y 1,316 (25.3%) 1,543 (28.3%) 0.07

Current lower limb paralysis 102 (2.0%) 220 (4.0%) 0.12

ICU/CCU stay during current hospitalization 206 (4.0%) 484 (8.9%) 0.20b

D-dimer $2� upper normal limit if available 588 (11.3%) 751 (13.8%) 0.08b

IMPROVE-DD VTE risk score

2 or 3 3,183 (60.6%) 2,992 (54.9%) 0.12

4 or more 2,066 (39.4%) 2,458 (45.1%) N/A

D-dimer mean, ng/mL 998.7 � 2861.6 1,196.3 � 3994.4 0.06

Hemoglobin mean, g/dL 12.1 � 2.2 12.2 � 2.1 0.05

Platelet count mean, K/mL 242.3 � 106.2 238.1 � 96.6 0.04

Creatinine serum mean, mg/dL 1.4 � 1.4 1.3 � 1.2 0.08

Mean duration of index hospitalization, d 8.1 � 8.8 6 � 6.6 0.27b

Mean duration of thromboprophylaxis by length of stay, % 93.4 � 41.2 86 � 47.2 0.17b

Use of medications

Corticosteroids 2,024 (38.6%) 1,961 (36.0%) 0.05b

Antivirals (Remdesivir) 952 (18.1%) 530 (9.7%) 0.24b

Continued on the next page
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95% CI: 1.10-1.63, P < 0.004) during the 90 day
postdischarge follow-up period.

DISCUSSION

This multicenter cluster randomized trial of hospi-
talized medically ill patients (including those with
COVID-19) revealed that universal, EHR-integrated
CDS using a validated VTE risk assessment model
(IMPROVE-DD VTE) had high adoption rates,
increased rates of appropriate thromboprophylaxis
(including appropriate extended thromboprophylaxis
at discharge), and reduced venous, arterial, and total
thromboembolism without an increase in major
bleeding, compared to usual medical care at 30 days.
Mortality was increased in the intervention group
(Central Illustration).

Previous randomized trials have shown increased
appropriate thromboprophylaxis and reduced VTE
using electronic or physician alerts,13,28 while multi-
faceted programs combining educational activities,
audit and feedback, and human intervention have



TABLE 1 Continued

Intervention Group
(n ¼ 5,249)

Control Group
(n ¼ 5,450)

Standardized
Differencesc

Antiplatelets 2,484 (47.3%) 2,752 (50.5%) 0.06

Aspirin 2,345 (44.7%) 2,606 (47.8%) 0.06

P2Y12 inhibitorsa 788 (15%) 886 (16.3%) 0.03

Cilostazol 30 (0.6%) 32 (0.6%) 0.00

Anticoagulants

Inpatient thromboprophylaxis 4,582 (87.3%) 4,354 (79.9%)

Enoxaparin 2,659 (50.7%) 2,656 (48.7%)

UFH 1,787 (34.0%) 1,609 (29.5%)

Rivaroxaban 48 (0.9%) 14 (0.3%)

Apixaban 88 (1.7%) 75 (1.4%)

Postdischarge thromboprophylaxis 481 (9.2%) 372 (6.9%)

Enoxaparin 17 (0.3%) 36 (0.7%)

UFH 1 (0.0%) 3 (0.1%)

Rivaroxaban 355 (6.8%) 140 (2.6%)

Apixaban 108 (2.1%) 193 (3.5%)

Values are mean � SD or n (%). Modified IMPROVE-DD risk scores range from 0 to 14, with higher scores indicating a higher risk of venous thromboembolism (minimal clinically
important difference is 2). The normal range for D-Dimer levels was defined according to the local laboratory criteria. aP2Y12 inhibitors include clopidogrel, prasugrel, ticagrelor.
bNonbaseline variables. cStandardized differences of >0.10 are considered significant.

BMI ¼ body mass index; CCU ¼ coronary care unit; ICU ¼ intensive care unit; IMPROVE-DD ¼ International Medical Prevention Registry on Venous Thromboembolism plus
D-Dimer; N/A ¼ not applicable; UFH ¼ unfractionated heparin; VTE ¼ venous thromboembolism.
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been less effective than alerts.14 One national VTE
prevention program that combined a paper-based
VTE risk assessment tool, website resources, audit
and data collection tools, and educational activities
revealed over time increased appropriate thrombo-
prophylaxis and reduced VTE-related death.15 How-
ever, all of these interventions have limitations: lack
of interchangeability in EHRs with risk of operator
fatigue; major time, resource, and labor inputs; cost;
and difficulty of implementation outside of national
health systems. Our group previously developed a
novel universal platform for CDS integrated into
TABLE 2 Primary and Secondary Outcomes at 30 Days Posthospital D

Intervention Gr
(n ¼ 5,249)

Primary outcome

Appropriate thromboprophylaxis 4,203/5,249 (80

Appropriate postdischarge thromboprophylaxis 331/2,433 (13.6

Secondary outcomes

VTE 141/5,249 (2.7

ATE 13/5,249 (0.25

Total TEa 152/5,249 (2.9

Major bleeding 8/5,249 (0.15%

All-cause mortality 478/5,249 (9.1

Other secondary outcomes

All-cause readmission/death 845/4,882 (17.3

VTE-related readmission/death 136/4,882 (2.8

Values are n/N (%) unless otherwise indicated. aIncludes VTE and ATE.

ATE ¼ arterial thromboembolism; VTE ¼ venous thromboembolism.
clinician workflow that can be used in any EHR and
demonstrated its effectiveness in increasing adoption
of evidence-based best practice.17,18 Our study has
implications in preventing venous (and arterial)
thromboembolism at a health system level, as it has
shown not only high adoption of evidence-based best
practice (77.8%) but also reductions in hard out-
comes, namely thromboembolism, utilizing this
platform-agnostic tool.

All patients in our trial at both control and inter-
vention sites had a minimum IMPROVE-DD VTE score
of 2, indicating at least a moderate VTE risk group that
ischarge

oup Control Group
(n ¼ 5,450)

Odds Ratio
(95% CI) P Value

.1%) 3,951/5,450 (72.5%) 1.52 (1.39-1.67) <0.001

%) 195/2,588 (7.5%) 1.93 (1.60-2.33) <0.001

%) 182/5,450 (3.3%) 0.80 (0.64-1.00) 0.048

%) 38/5,450 (0.70%) 0.35 (0.19-0.67) <0.001

%) 219/5,450 (4.0%) 0.71 (0.58-0.88) 0.002

) 12/5,450 (0.22%) 0.69 (0.28-1.69) 0.42

%) 383/5,450 (7.0%) 1.32 (1.15-1.53) <0.001

%) 922/5,142 (17.9%) 0.96 (0.86-1.06) 0.41

%) 114/5,142 (2.2%) 1.26 (0.98-1.62) 0.07



CENTRAL ILLUSTRATION Overview of Study Design, Intervention, and Results

Spyropoulos AC, et al. JACC Adv. 2023;2(8):100597.

(Top left) Schematic of informatics workflow of implemented CDS tool. (Bottom left) Study timeline. (Right) Outcomes including tool adoption rate and prespecified

primary and secondary endpoints. API ¼ application programming interface; CDS ¼ clinical decision support; CPR ¼ clinical prediction rule; EHR ¼ electronic health

record; IMPROVE-DD ¼ International Medical Prevention Registry on Venous Thromboembolism Plus D-Dimer; LMWH ¼ low molecular weight heparin;

UFH ¼ unfractionated heparin; VTE ¼ venous thromboembolism.
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would be candidates for in-hospital pharmacologic
thromboprophylaxis. The 72.5% appropriate throm-
boprophylaxis rate at control sites was higher than our
assumption of 55% and nearly identical to the 72.6%
rate of pharmacologic thromboprophylaxis of at least
moderately performing hospitals in a quality
improvement cohort study of VTE prevention in a
large network of U.S. health systems.32 Despite this
metric, our study found a significantly approximate
8% absolute increase in appropriate thromboprophy-
laxis at intervention sites, suggesting more robust
reductions in thromboembolism may be achievable in
many low-performance hospitals outside of academic
settings. Moreover, while intervention sites had a
greater average hospital length of stay (8.1 days vs
6.0 days), these sites also showed a greater duration of
thromboprophylaxis as a percentage of stay (93.4% vs
86.0%). This may be explained by a heightened
attention to thromboprophylaxis as a result of using
the CDS tool, a potential ancillary benefit of our
intervention. Previous randomized trials or quality
improvement initiatives that did not mandate
extended postdischarge thromboprophylaxis in med-
ical inpatients did not reduce rates of VTE despite
increases in appropriate thromboprophylaxis.32,33 Our
study found a significantly approximate 6% absolute
increase in appropriate extended thromboprophylaxis
at hospital discharge using established cutoff scores
for high-risk patients per the IMPROVE-DD VTE score,
which has previously been shown to identify high-risk
medical inpatients that benefit from extended post-
discharge thromboprophylaxis.34 Large registries
have shown that a sizeable minority (approximately
20%-25%) of inpatients with acute medical illness,
including those with COVID-19, are at elevated risk for
postdischarge thromboembolism.21,35 Despite estab-
lished benefits, historical rates of extended post-
discharge prophylaxis have been very low.13,24,33 This
relatively high rate of extended thromboprophylaxis
at hospital discharge may have been a key factor in the
tool’s ability to decrease VTE at 30 days in the inter-
vention sites despite relatively high appropriate
thromboprophylaxis in the control sites. Lastly, our
study found significantly fewer arterial thromboem-
bolic events, including numerically fewer ischemic
stroke, myocardial infarction, and systemic embolism
events in the intervention vs control sites, confirming
recent evidence from randomized trials of the ability
of extended postdischarge thromboprophylaxis to
reduce arterial thromboembolism in hospitalized
medical patients, in which 49% of subjects had back-
ground antiplatelet therapy.6-8,36 In addition to com-
mon risk factors and common pathophysiological
mechanisms of inflammation, hypercoagulability, and
endothelial injury that are shared between VTE and
arterial thromboembolism, there has been a greater
appreciation of the coagulation cascade and thrombin
playing a larger role in what was thought to be mostly
platelet-derived mechanisms of arterial thrombosis,
through neutrophil extracellular traps providing the
scaffolding to activate platelets and initiate clotting
via the intrinsic pathway as well as activation of
protease-activated receptors on platelet surfaces.37,38

Despite reductions in major thromboembolism in
our trial, all-cause mortality was higher at interven-
tion sites, which suggests that nonthrombotic mech-
anisms may have played a role in mortality. We
conducted this trial during the initial phases of the
COVID-19 pandemic in the United States, during
which large numbers of COVID-19 patients were
admitted to our health system, where internal pub-
lished data revealed mortality rates of 26.6% in pa-
tients older than 65 years of age and 88.1% in patients
receiving mechanical ventilation.39 Intervention sites
admitted more patients with COVID-19 (25.8%)
compared with control sites (20.1%) (standard dif-
ference 0.14). Although this small imbalance of
COVID-19 inpatients may have contributed to the
differences in mortality seen between groups where
thromboprophylactic strategies may have had limited
roles in reducing risk,9,40 other factors such as dif-
ferences in baseline characteristics and medical
illness categories, as well as hospital-specific differ-
ences in mortality rates during the pandemic, may
have played a role as well.

Our study has several strengths and limitations.
Strengths include the large sample size that was well
powered for clinical outcomes and event adjudica-
tion, which add robustness and generalizability to our
conclusions. A major strength is our CDS tool’s ability
to be integrated theoretically into any EHR, thus
operationalizing our study results broadly. The 77.8%
adoption rate of the tool due to key features of the
tool’s usability such as provider workflow integration,
minimal clinician data entry, automatic triggering,
and specific and actionable tool recommendations,
compares very favorably with much lower provider
adoption rates seen previously for CDS tools.41,42 The
relatively high rate of appropriate thromboprophy-
laxis at control sites, likely due to system-wide
educational and audit activities heightening aware-
ness of best practices, would be expected to dampen
the impact of our intervention, which nevertheless
significantly increased appropriate thromboprophy-
laxis and reduced major thromboembolism. Our trial
included a relatively small number of clusters (4) in
which unseen population differences could magnify
selection bias, although there were a large number of



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: This

cluster randomized trial is the largest multicenter

study to date investigating the impact of universal

EHR-embedded CDS on rates of appropriate throm-

boprophylaxis (both during hospitalization and at

discharge) and major thromboembolism in medically

ill patients.

COMPETENCY IN PATIENT CARE: In 10,699

medically ill patients at 4 tertiary academic hospitals,

an EHR-embedded IMPROVE-DD VTE CDS tool had

high adoption (77.8%), increased appropriate throm-

boprophylaxis during hospitalization (80.1% vs

72.5%) and at discharge (13.6% vs 7.5%) vs usual

care, and reduced major thromboembolism without

increasing major bleeding. Mortality was higher at

intervention sites.

TRANSLATIONAL OUTLOOK 1: A universal

thromboprophylaxis CDS tool can increase appro-

priate thromboprophylaxis and reduce major throm-

boembolism in hospitalized medical inpatients if

embedded within provider workflow during hospital-

ization and at discharge and anchored on a validated

thromboembolism risk tool.

TRANSLATIONAL OUTLOOK 2: These benefits

may be more robust in lower-performing hospitals for

thromboprophylaxis outside of academic settings. A

broad impact can be achieved as the CDS tool is

interchangeable among different EHRs.
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patients per cluster (w2,500), which is a study
strength.43 Preimplementation data pulls demon-
strated comparable annual admissions for defined
acute medical illness across sites. In addition, the
comparability of the 2 groups, including similar
numbers of at-VTE-risk and high-VTE-risk patients,
argues against selection bias and is similar to group
comparability of other intervention trials of heterog-
enous hospitalized medically ill populations.28 The
notable exception was COVID-19 hospitalization at
intervention sites, a condition for which optimal
thromboprophylaxis had not been established when
the initial protocol was approved, and as such, may be
a group that requires further study with the use of the
tool. Our decision to exclude the opt-out users of the
CDS tool in the intervention sites in order to measure
the tool’s performance during actual application is
consistent with our study results conducted as part of
a formal impact analysis of the tool.20 However, our
study was not able to assess the tool’s effectiveness
when it was unavailable for use due to technical or
administrative reasons. Furthermore, the nature of
our intervention as a hospital-level quality imple-
mentation avoided pitfalls of clustered trials, such as
attrition bias. Lastly, the results of our trial would not
apply to low VTE risk populations.

CONCLUSIONS

An integrated universal EHR-embedded CDS tool
utilizing a validated VTE risk model increased
appropriate thromboprophylaxis and reduced
thromboembolism without increasing major bleeding
in medical inpatients. Mortality was higher at inter-
vention sites, which included more patients with
COVID-19.
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