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Abstract

Background: Multiple guidelines recommend assessment of bleeding and venous
thromboembolism (VTE) risk in adult medical inpatients to inform prevention strate-
gies. There is no agreed-upon method for VTE and bleeding risk assessment.
Objectives: To validate the International Medical Prevention Registry on Venous
Thromboembolism (IMPROVE) VTE and bleeding risk scores in an independent
population.

Methods: In this retrospective study, we calculated the IMPROVE VTE and bleeding
risk scores in medical inpatients admitted between 2010 and 2019 at the University of
Vermont Medical Center (UVMMC). Patients were followed for in-hospital bleeding
events while hospitalized and VTE events while hospitalized and for 3 months after
discharge. We assessed calibration of the risk models by comparing the observed
incidence of events in the UVMMC and IMPROVE populations across the published
risk categories. We also assessed performance of the IMPROVE risk factors after
refitting the models in the UYMMC population. Discrimination was assessed using the
area under the receiver operating characteristic curve (AUC).

Results: VTE occurred in 270 (1.1%) of 23,873 admissions, with 92 (34%) occurring
during admission, and bleeding occurred in 712 (4.7%) of 15,240 admissions. When the
IMPROVE-VTE risk factors were refitted to the UVMMC data, the AUC was 0.64.
When the IMPROVE bleeding risk factors were refitted to the UVYMMC data, the AUC
was 0.67. The IMPROVE-VTE score tended to overestimate risk at higher scores, and
the IMPROVE bleeding score underestimated risk at lower scores and overestimated
risk at higher scores.

Conclusion: While the refitted IMPROVE VTE and bleeding risk scores had reasonable
model fit, the scores were poorly calibrated and did not reliably identify or differentiate
patients at risk for VTE and bleeding. Different methods are needed for risk assessment

of medical inpatients for VTE and bleeding risk.

© 2024 The Authors. Published by Elsevier Inc. on behalf of International Society on Thrombosis and Haemostasis. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Res Pract Thromb Haemost. 2024;8:e102441
https://doi.org/10.1016/j.rpth.2024.102441

www.rpthjournal.org

1of 11


https://doi.org/10.1016/j.rpth.2024.102441
Delta:1_given name
https://orcid.org/0000-0001-6190-735X
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:Neil.Zakai@med.uvm.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.rpthjournal.org
https://doi.org/10.1016/j.rpth.2024.102441

WILKINSON ET AL.

20f 11 rpm

research & practice
in thrombosis & haemostasis

KEYWORDS

adult, bleeding, inpatients, risk assessment, venous thrombosis

Essentials

¢ Clinicians use the IMPROVE risk scores to assess VTE and bleeding risk in medical inpatients.

* We assess the performance of the IMPROVE VTE and bleeding risk scores in an independent population.

* The IMPROVE risk scores show modest discrimination but poor accuracy in an independent population.

« New approaches are needed to assess thrombosis and bleeding risk in medical inpatients.

1 | INTRODUCTION

Venous thromboembolism (VTE) and bleeding are known complications
of medical (nonsurgical) hospitalizations [1-3]. Traditionally, emphasis
has been placed on prevention of VTE rather than bleeding, perhaps
because there are known pharmacologic interventions to reduce VTE
risk in hospitalized patients, including low-dose anticoagulation or
pharmacologic VTE prophylaxis [4-8]. In randomized controlled trials,
pharmacologic prophylaxis reduces VTE risk in medical patients at
elevated risk for VTE, but the impact in real-world patients is less clear
[9]. This has led professional societies to call for clinicians to use an
evidence-based risk stratification system to determine whether a pa-
tient should receive pharmacologic VTE prophylaxis [10-13].

The International Medical Prevention Registry on Venous
Thromboembolism (IMPROVE) study has developed and validated risk
assessment scores for hospital-associated VTE (VTE not present at
admission occurring during hospitalization or within 3 months after
discharge) and hospital-acquired bleeding (bleeding occurring during
hospitalization and not present at admission) [14-18]. In theory, these
scores can be used to identify patient populations who would benefit
from pharmacologic VTE prophylaxis. In practice, however, risk
assessment for VTE and bleeding rarely happens [19]. The reasons are
likely complex, but the lack of robust validation efforts for many
published scores likely plays a role [13,20-22].

We assessed the ability of the IMPROVE VTE [17] and bleeding [18]
risk scores to predict VTE and bleeding risk in an independent, unselected
medical inpatient population at the time of hospital admission. Through
our retrospective analysis, we sought to determine whether there was
evidence that application of these scores in general clinical practice would
allow for prediction of hospital-associated VTE or hospital-acquired
bleeding risk and, by extension, help determine the risk-benefit ratio of

pharmacologic VTE prophylaxis in hospitalized medical patients.

2 | METHODS
21 | Cohort

The University of Vermont (UVM) Health Network is an integrated

inpatient and outpatient health system in northwestern Vermont,

United States. The health system has used Epic (Epic Systems) as an
electronic health record for both inpatient and outpatient care since
2010. The UVM Medical Center (UVMMOC), a tertiary care hospital in
Burlington, Vermont, United States, is the only hospital in Chittenden
County, Vermont, and also serves the surrounding counties. More
than half the adults in the area (ie, roughly 80,000 adults) receive their
primary care from UVM Health Network providers. During the period
of the current study, there were no other imaging centers or urgent
care centers within a 26-mile radius that were able to diagnose VTE.
Given the unique healthcare geography of the region, we can capture
both the inpatient and outpatient care of individuals who have UVM
Health Network primary care providers [1,3]. Individuals aged >18
years residing in Chittenden County, Vermont, or surrounding
counties who had a UVM Health Network primary care provider
entered the cohort at the time of their first primary care visit on or
after October 1, 2010, and remained in the cohort until change to a
non-UVM Health Network primary care provider, death, or
September 30, 2019, whichever occurred first. For bleeding outcomes,
we required at least 1 year of outpatient observation time prior to the
first hospitalization to allow for complete risk factor ascertainment. A
full description of the cohort has been previously published [1].

2.2 | Definitions
Hospitalizations lasting for at least 1 midnight were captured from the
electronic health record at UVMMC. Medical hospitalizations were
defined as nonsurgical hospitalizations in which a patient was
admitted to and discharged from general or family medicine, cardiol-
ogy, hematology-oncology, or a medical or cardiac intensive care unit.
Supplementary Table S1 provides the definitions used in this
study for elements of the IMPROVE bleeding and VTE risk scores.
Briefly, risk factors associated with past medical history, such as prior
VTE, were identified if they were documented in the problem list or
past medical history before admission or within the first 12 hours of
admission. Prior bleeding was defined as any hospital-acquired
bleeding event or present-on-admission bleeding event associated
with a hospital admission that was within 90 days prior to the current
admission. To identify some IMPROVE risk factors, such as cancer,

that require an active status at admission, we used discharge
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diagnoses from hospital billing records that had a present-on-
admission indicator equal to “yes.” Laboratory values on the day of
admission were defined using the first nonmissing value from that day.

Hospital-associated VTE included VTE events occurring either
during hospitalization (hospital-acquired VTE) or within a 3-month
period after discharge (postdischarge VTE). Hospital-acquired VTE
events were defined using a previously developed and validated
computable phenotype [23]. Briefly, VTE events were identified using
relevant diagnosis codes and corresponding imaging procedure codes
during the hospital admission. The timing of the event was determined
from present-on-admission flags accompanying the VTE diagnosis
codes, the time of the imaging study, and anticoagulant prescription
records at the time of admission. Individuals free of VTE at admission
were defined as having a hospital-acquired VTE if they were diag-
nosed with a VTE after the first day of admission. After discharge,
individuals were followed for up to 90 days for VTE. Postdischarge
hospital-associated VTE events included in-hospital readmissions with
VTE present on admission or outpatient diagnosed and managed VTE.
The latter events were defined as >2 outpatient VTE diagnosis codes
separated by 7 to 180 days (the first code had to be within 90 days of
discharge), which is similar to validated algorithms used in previous
analyses of insurance claims [3,24-26]. These prior studies have
demonstrated that the positive predictive value for this definition is
>85%, with a negative predictive value >99% [23].

We identified hospital-acquired bleeding events occurring only
during hospitalization, consistent with the outcomes examined in the
IMPROVE studies [18], using a previously developed and validated
computable phenotype [1]. Briefly, bleeding was identified using
relevant diagnosis codes and corresponding imaging procedure codes
in addition to hemoglobin laboratory results and blood transfusions
that occurred during the hospitalization. The phenotype corresponds
to clinically relevant bleeding, which is a composite of major bleeding
and clinically relevant nonmajor bleeding based on the International
Society on Thrombosis and Hemostasis definition [27-29]. Admissions
with bleeding identified within the first day were defined as present-
on-admission bleeding and were not included in the study. Hospital-
acquired bleeding was defined as bleeding occurring after the first
admission day and before discharge. Because postdischarge bleeding
was not included in the development of the IMPROVE bleeding risk
score [18], we did not assess this outcome in the UVYMMC population.
A prior study demonstrated that the positive predictive value for this
definition of hospital-acquired bleeding is 77% (95% Cl, 67.0%, 87.8%)
with a sensitivity of 99% (95% Cl, 98.0%, 100%) [1].

2.3 | Statistical analysis

Hospital admissions were the unit of analysis in this study. For the VTE
analysis, we calculated the IMPROVE-VTE risk score for all hospitali-
zations without VTE at the time of admission. In the original IMPROVE
publication, the risk score for hospital-associated VTE was developed
using Cox proportional hazards regression [17]. The risk score for a

given patient admission ranges from O to 8 points based on information
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from 4 risk factors, as shown in Table 1 [17]. In the present study, we
applied the IMPROVE risk score and summarized categories of 0, 1, 2,
3,4, and 5 to 8 risk score points, analogous to the presentation in the
original IMPROVE publication. We calculated the observed 3-month
cumulative incidence of VTE using the Kaplan-Meier method. In a
secondary analysis, we assessed hospital-acquired and postdischarge
VTE separately to determine the performance of the score for each
event type. Finally, we used Cox proportional hazard regression to refit
a risk model for hospital-associated VTE in the UVYMMC cohort using
the original IMPROVE risk factor variables and included use of anti-
coagulation (modeled as full, prophylactic, or none) on the day of or day
after admission as previously described [30].

For the bleeding analysis, we calculated the IMPROVE bleeding
risk score for all hospitalizations without bleeding at the time of
admission. In the original IMPROVE publication, a risk score for
hospital-acquired bleeding was developed using logistic regression
[18]. The risk score for a given patient admission ranges from 0 to 30.5
points based on the presence of 11 risk factor categories, described in
Figure 1. We also summarized low vs high risk of bleeding based on a
risk score cut of <7 or >7, respectively, as described in the original
study [18]. We then used logistic regression to refit the risk model for
hospital-acquired bleeding in the UVYMMC cohort using the original
IMPROVE risk factor variables, including use of full, intermediate, or
no anticoagulation on the day of or day after admission [30]. We also
examined hospital-acquired bleeding events separately by anatomic
site of bleeding (gastrointestinal, genitourinary, intracranial, pulmo-
nary, nasal, and other sites).

Model calibration was assessed by comparing the observed vs
predicted incidence of events in the UVMMC and IMPROVE pop-
ulations across the published risk categories. Model discrimination
was assessed by estimating the area under the receiver operating
curve (AUC) with 95% Cls calculated by bootstrapping. In sensitivity
analyses, we excluded admissions who received full or intermediate
anticoagulation on the day of or the day after admission and adjusted
for use of prophylactic anticoagulation.

The research reported here conforms to the tenets of the
Declaration of Helsinki and was determined exempt by the UVM
Institute Review Board based on exemption category 4 under the
2018 Common Rule in the United States [31].

3 | RESULTS

Figure 2 presents the derivation of the cohorts for the hospital-
associated VTE and hospital-acquired bleeding analyses. Overall,
there were 193,974 admissions, of which 62,468 were medical ad-
missions. For the hospital-associated VTE population, 37,211 admis-
sions were outside of the primary catchment area of UYMMC, 1346
admissions had VTE present on admission, and 38 admissions either
were missing VTE risk factors or were after the first identified VTE for
the patient, leaving 23,873 admissions at risk for hospital-associated
VTE. For bleeding, 43,545 admissions had less than 1 year of outpa-

tient observation time prior to their first hospitalization or resided



40f 11 rpm

research & practice

in thrombosis & haemostasis

TABLE 1

WILKINSON ET AL.

Baseline characteristics of University of Vermont co-

horts at risk of hospital-associated venous thromboembolism and

hospital-acquired bleeding.

Admission characteristics
No. of admissions
No. of events
Hospital-acquired
Postdischarge
Age, y (mean + SD)
Male
Race
Black
Hispanic
White
Other/unknown

Length of stay days,
median (IQR)

Maximum anticoagulation
level day of or day
after admission

Full/intermediate
Prophylactic
None

IMPROVE-VTE risk score
variables

Previous VTE

Known thrombophilia
Active cancer

Age >60y

IMPROVE bleeding risk
score variables

Moderate renal failure
Age, 40-84 y

Current cancer
Rheumatic disease
Central venous catheter

Intensive care unit
admission

Severe renal failure
Hepatic failure
Age >85y

Platelet count
<50 x 107 cells/L

Cohort at risk of
VTE (validation
population), n (%)?

23,873

270 (1.1)

92 (34.1)
178 (65.9)
67 £ 17
10,950 (45.9)

283 (1.2)
8(0.1)
22,616 (94.7)
966 (4.0)
3(2,5)

1417 (5.9)
399 (1.7)
6938 (29.1)
16,160 (67.7)

Cohort at risk of
bleeding (validation
population), n (%)*

15,240
712 (4.7)
712 (100)

67 £ 16
6849 (44.9)

122 (0.8)

6 (0.04)
14,499 (95.1)
613 (4.0)
3(2,5)

4215 (27.7)
7.065 (46.4)
3.960 (26.0)

3660 (24.0)
11,877 (77.9)
4382 (28.7)
1462 (9.6)
930 (6.1)
942 (6.2)

1587 (10.4)
942 (6.2)
2411 (15.8)
192 (1.3)

(Continues)

TABLE 1 (Continued)

Cohort at risk of
bleeding (validation
population), n (%)*

Cohort at risk of
VTE (validation

Admission characteristics  population), n (%)*

Bleeding in prior 3 mo - 443 (2.9)

Active gastrointestinal - 656 (4.3)

ulcer

IMPROVE, International Medical Prevention Registry on Venous
Thromboembolism; VTE, venous thromboembolism.
@Unless otherwise specified.

outside of the primary catchment area of UVMMC. Bleeding at
admission excluded a further 1857 admissions, and missing bleeding
risk factors excluded a further 1826 admissions, leaving the final at-
risk population of 15,240 admissions for hospital-acquired bleeding.

Table 1 presents the baseline characteristics of the cohorts at risk
of hospital-associated VTE and hospital-acquired bleeding at UVMMC.
In the former cohort, there were 270 (1.1%) hospital-associated VTE
events among 23,873 admissions, of which 92 (34.1%) occurred during
hospitalization, and 178 (65.9%) occurred in the 3 months after
discharge. Twenty-eight (14%) of the VTE events were detected the
day after admission. In the latter cohort, there were 712 hospital-
acquired bleeding events among 15,240 admissions (4.7%). Overall
demographics were similar in the 2 cohorts, with a mean age of 67
years, ~45% male, and ~95% White. The median (IQR) length of stay
was 3 (2, 5) days.

The incidence of hospital-associated VTE was slightly lower in the
original IMPROVE cohort compared with the UVYMMC cohort (9.4 vs
11.3 events per 1000 admissions; Table 2) [17]. The prevalence of
each IMPROVE-VTE risk score variable was higher in the UVYMMC
population compared with the original IMPROVE cohort, with the
most notable difference being cancer (10.7% in the IMPROVE cohort
vs 29.1% in the UVYMMC cohort; Table 2). Comparing hazard ratios
(HRs) from the Cox model in the original IMPROVE cohort and a
refitted Cox model in the UVMMC cohort, respectively, previous VTE
(HR, 5.0 [95% Cl, 3.3, 7.8] and 3.9 [95% Cl, 2.8, 5.3]) and cancer (HR,
2.0[95% Cl, 1.3, 2.1] and 2.3 [95% ClI, 1.8, 3.0]) were associated with
higher risk of hospital-associated VTE in both cohorts (Table 2).
Known thrombophilia (HR, 5.2 [95% ClI, 1.3, 21.5]) and age >60 years
(HR, 1.8 [95% CI, 1.2, 2.7]) were associated with higher risk of
hospital-associated VTE in the IMPROVE cohort; however, in the
UVMMC cohort we did not observe an association between known
thrombophilia and risk of VTE (HR, 0.8 [95% Cl, 0.4, 1.7]), and age >60
years was associated with lower risk of VTE (HR, 0.8 [95% ClI, 0.6, 0.9];
Table 2). The discriminative performance of the IMPROVE risk score
was similar for the original IMPROVE cohort (AUC, 0.65) and in the
UVMMC cohort (AUC, 0.64 for the refitted model).

Table 3 presents the percentage of admissions falling into 6 cat-
egories of the IMPROVE-VTE risk score, as well as the observed 3-
month cumulative incidence of hospital-associated VTE in the
IMPROVE and UVMMC cohorts [17]. Patient hospital admissions with
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IMPROVE VTE Risk Score (Spyropoulos et al[17])

Risk Factor Points
Previous VTE 3
Known Thrombophilia 3
Cancer 1
Age >60 years 1
Suggested Categories

Low Risk 0-1
High Risk 2+

FIGURE 1

earch & practice
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IMPROVE Bleeding Risk Score (Decousus et al[18])

Suggested Categories

Low Risk <7.0
High Risk 7.0+

International Medical Prevention Registry on Venous Thromboembolism (IMPROVE) venous thromboembolism (VTE) and

bleeding scores. GFR, glomerular filtration rate; INR, international normalized ratio.

lower risk scores (eg, a score of O or 1) were more common in the
IMPROVE cohort (89% of admissions) than in the UVMMC cohort
(71% of admissions), whereas admissions with the highest risk scores
(a score of 5-8) were more common in the UVMMC cohort (3% of
admission) than in the IMPROVE cohort (0.4% of admissions). In the
IMPROVE cohort, the observed 3-month cumulative incidence of VTE
increased in a graded fashion from 0.5% for admissions with a risk
score of O up to 11% for admissions with a risk score of 5 to 8. In the
UVMMC cohort, the pattern of observed VTE incidence across risk
score categories was similar to that of IMPROVE, up to a score of 3,
but then declined slightly in the 2 highest risk score categories.
However, the sensitivity of the score (the ability to appropriately
identify the population at risk) was low. If an IMPROVE score of O was
designated as low risk, 75% of patients (and 83% of hospital-
associated VTE) would be classified as high risk, whereas a cutoff
for low risk of 0 or 1 would classify 71% of admissions as low risk and
49% of hospital-associated VTE as low risk (Table 3). Patterns of
observed VTE incidence were similar across the range of risk
score categories when examining hospital-acquired VTE and post-
discharge VTE separately in the UVMMC cohort (Supplementary
Table S2).

In the UVMMC cohort, there were 712 hospital-acquired bleeding
events among 15,240 admissions, representing an incidence of 46.7
bleeding events per 1000 admissions, which is double the reported
incidence in the IMPROVE cohort (21.2 events per 1000 admissions;
Table 4) [14,18]. Admissions in the UVMMC cohort had a lower
proportion of men than in the IMPROVE cohort (45% vs 49%), a
greater prevalence of active cancer (29% vs 11%), and a greater
proportion >85 years old (16% vs 11%), with other risk factors having

a similar prevalence. Generally, the IMPROVE risk factors were more
weakly associated with risk of hospital-acquired bleeding in the
UVMMC cohort than in the original IMPROVE cohort. Notably, we did
not observe an association of current cancer (odds ratio [OR], 1.0;
95% Cl, 0.9, 1.2), intensive care unit admission (OR, 0.9; 95% Cl, 0.6,
1.2), or low platelet count (OR, 0.8; 95% Cl, 0.4, 1.3) with risk of
hospital-acquired bleeding in the UVMMC cohort. The AUC of the
refitted IMPROVE bleeding model was 0.67 in the UVMMC cohort,
which is lower than the performance of the original model in the
IMPROVE cohort (0.71).

Table 5 presents calibration of the IMPROVE bleeding score in
the UVMMC cohort; the bleeding incidence was 4.4% for an
IMPROVE bleeding risk score <7 vs 6.5% for a bleeding risk score
>7 (vs 1.5% and 7.9% in the IMPROVE population, respectively) [18].
In both the IMPROVE and the UVMMC cohorts, >85% of the pop-
ulation was low risk (score <7). Of admissions with hospital-acquired
bleeding, 64% in the original IMPROVE population and 80% in the
UVMMC population scored as low risk. When the IMPROVE
bleeding model was refitted in the UVMMC cohort separately by
anatomic bleeding site, model discrimination was lowest for genito-
urinary (AUC, 0.65) and other unspecified bleeding sites (AUC, 0.64)
and the highest for nasal (AUC, 0.76) and gastrointestinal (AUC, 0.79)
bleeding (Table 6) [18]. When stratified by IMPROVE bleeding risk
score categories, a low vs a high bleeding score was associated with
less hospital-acquired bleeding for gastrointestinal (1.4% vs 2.6%)
and genitourinary (0.7% vs 1.1%) bleeding, but there was little dif-
ference for intracranial (0.3% vs 0.4%), pulmonary (0.3% vs 0.4%),
nasal (0.1% vs 0.3%), and other bleeding (1.6% vs 1.8%; Table 6).
Excluding individuals on full or intermediate-dose anticoagulation on
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N =193,974

Hospital Admissions

Non-Medical Service
N =131,506

Outside area

N=37,211 N =62,468

Medical Admissions

<1-year follow-up and outside
area
N = 43,545

At Risk VTE Admissions
N = 25,257

At Risk Bleeding Admissions
N =18,923

POA VTE Admissions
N=1,346

POA Bleeding Admissions
N=1,857 <

v

At Risk VTE Admissions
N=23,911

At Risk Bleeding Admissions
N =17,066

Missing VTE Risk Factors or
admission occurred after 15t VTE
—» event

Final at-Risk VTE Admissions
N = 23,873

Missing Bleeding Risk Factors
N=1,826 |

A

Final at-Risk Bleeding Admissions
N = 15,240

FIGURE 2 Population flow chart. POA, present on admission; VTE, venous thromboembolism.

the day of or the day after admission did not meaningfully affect the
results (Supplementary Tables S3 and S4).

4 | DISCUSSION

In a cohort of medical inpatient admissions at UVYMMC and out-
patients at UVM Health Network, the IMPROVE hospital-associated
VTE [17] and hospital-acquired bleeding risk scores [18] did not
perform well in identifying people at risk for VTE or bleeding. Nearly
half the hospital-associated VTE events occurred among patient ad-
missions with a risk score of O or 1, and modeling of hospital-acquired
and postdischarge VTE separately did not improve the performance.

For hospital-acquired bleeding, ~80% of the bleeding events had a

low-risk score. Stratifying by bleeding site revealed different perfor-
mances for the score by bleeding site.

Prior efforts have been published validating both the IMPROVE
VTE [16,32,33] and IMPROVE bleeding risk scores [14,15,34,35] with
mixed results. For the IMPROVE-VTE score, the original study
developed both a predictive (4-variable) and associative (7-variable)
model for hospital-associated VTE [17]. A modified IMPROVE-VTE
score incorporating D-dimer has also been published, but D-dimer
was measured in a small minority of the UVYMMC cohort and is not
standard of care to assess at admission in unselected medical in-
patients [36]. Current guidelines recommend assessing risk at admis-
sion for hospital-acquired VTE, and there is no recommendation for
postdischarge prophylaxis—hence; we focused on the 4-variable pre-

dictive VTE risk score in the current analysis and did not assess the
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Performance of the International Medical Prevention Registry on Venous Thromboembolism risk factors in the original and

IMPROVE cohort [17] (results from UVM cohort
Spyropoulos (validation
Characteristic et al. [17]) population)
Admissions (N) 15,156 23,873
Hospital-associated VTE events (N) 143 270
Hospital-associated VTE per 1000 admissions 9.4 11.3
AUC (95% Cl) 0.65 0.64 (0.60, 0.69)

Risk Factors Prevalence, % HR (95% Cl)

Previous VTE 3.6 5.0 (3.3, 7.8)
Known thrombophilia 0.1 5.2 (1.3, 21.5)
Cancer 10.7 2.0 (1.3, 2.1)
Age >60y 63.6 18 (1.2,2.7)

Assigned points Prevalence, % HR (95% Cl)

3 5.9 3.9 (28,5.3)
3 17 0.8 (0.4, 1.7)
1 29.1 2.3 (1.8, 3.0)
1 67.7 0.8 (0.6, 0.9)

AUC, area under the receiver operating characteristic curve; HR, hazard ratio; IMPROVE, International Medical Prevention Registry on Venous
Thromboembolism; UVM, University of Vermont; VTE, venous thromboembolism.

modified score as it would require a change in current clinical practice
[13]. Cobben et al. [32] validated the IMPROVE-VTE predictive score
within the Multiple Environmental and Genetic Assessment of Risk
Factors for Venous Thrombosis study. The reported C-statistic was
similar to that reported in the original IMPROVE-VTE derivation
cohort and here (~0.65), but the score had poor sensitivity, specificity,
and positive and negative predictive values. Due to the methodology
of the Multiple Environmental and Genetic Assessment of Risk Fac-
tors for Venous Thrombosis study, the control population consisted
only of 40 individuals, and the calibration of the score could not be
assessed. Sensitivity, specificity, and positive and negative predictive
values are not the best gauge of the IMPROVE hospital-acquired
VTE'’s score efficacy in clinical practice, as the goal is to assess risk,

not determine the presence or absence of disease [37]. The other

efforts at validating the IMPROVE-VTE risk score used the associative
risk score and are not directly relevant to the current findings [16,33].
In the UVYMMC cohort, any IMPROVE-VTE score cutoff that would
classify a majority of people who went on to develop hospital-
associated VTE would also classify a majority of admissions as high
risk, revealing poor sensitivity for the score to identify those at risk
(Table 3).

For the IMPROVE bleeding risk score [14], at least 4 previous
studies have validated the risk score [14,15,34,35]. In Supplementary
Table S5, we present a summary of the previous efforts to validate the
IMPROVE bleeding risk score. In contrast to the current study, the
conclusion from the previous studies has been that the IMPROVE
bleeding risk score was validated or had reasonable calibration and fit.

Consistent with the current study, the discrimination was, in general,

TABLE 3 Observed 3-month cumulative incidence of hospital-associated venous thromboembolism using the International Medical
Prevention Registry on Venous Thromboembolism risk score in original study and the University of Vermont cohort.

IMPROVE cohort [17] (results from Spyropoulos et al. [17])

UVM cohort (validation population)

% (N) of admissions with risk

% (N) of admissions with risk

score score
3-mo cumulative
3-mo cumulative Overall With VTE incidence, Overall With VTE

Risk score incidence, % N = 15,156 N =143 % (95% Cl) N = 23,873 N =270
0 0.5 33 (4981) 17 (NR) 0.8 (0.6, 1.1) 25 (6070) 17 (45)

1 1.0 56 (8441) 50 (NR) 0.9 (0.7, 1.1) 46 (11,033) 32 (88)

2 2.1 8 (1166) 14 (NR) 1.9 (1.5, 2.3) 22 (5114) 30 (80)

3 4.0 1(127) 3 (NR) 5.5(3.2,8.7) 1(298) 5 (15)

4 4.7 2 (376) 11 (NR) 3.7 (24,5.3) 3(732) 9 (24)
5-8 11 0.4 (65) 4 (NR) 3.2 (20, 4.9) 3 (626) 7 (18)

IMPROVE, International Medical Prevention Registry on Venous Thromboembolism; NR, not reported; UVM, University of Vermont; VTE, venous

thromboembolism.
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TABLE 4

Performance of the International Medical Prevention Registry on Venous Thromboembolism bleeding risk model in the Interna-

tional Medical Prevention Registry on Venous Thromboembolism and University of Vermont cohorts.

IMPROVE cohort (Rosenberg et al. [14] and

Characteristic Decousus et al. [18])

No. of admissions 10,866
No. of HA-bleeding events 230
HA-bleeding events per 1000 admissions 21.2
AUC (95% ClI) 0.71

Risk Factors Predictor prevalence, %

Moderate renal failure 257
Male 494
Age, 40-84 y 76.1
Current cancer 10.7
Central venous catheter 7.5
Intensive care unit 85
Severe renal failure 11.0
Hepatic failure 2.0
Age >85y 10.8
Platelet count <50 x 107 cells/L 17
Bleeding in 3 mo before admission 2.2
Active gastroduodenal ulcer 2.2

UVM cohort (validation population)
15,240
712
46.7
0.67 (0.65, 0.69)
OR (95% Cl)

Predictor prevalence, % OR (95% Cl)

1.4 (1.0, 1.9) 240 0.9 (0.8, 1.1)
1.5 (1.1, 2.0) 44.9 1.1 (0.9, 1.2)
1.7 (0.9, 3.3) 77.9 1.4 (0.9, 2.0)
1.8 (1.2, 2.6) 28.8 1.0 (0.9, 1.2)
1.9 (1.2, 2.9) 6.1 0.8 (0.5, 1.1)
2.1(14,31) 57 0.9 (0.6, 1.2)
2.1(14,32) 10.4 1.2 (0.9, 1.5)
2.2 (1.1, 4.3) 6.2 1.4 (1.0, 1.8)
3.0 (14, 6.2) 15.8 2.1(14,32)
34 (18, 6.2) 1.3 0.8 (0.4, 1.3)
3.6 (2.2, 6.0) 2.9 3.3 (25, 4.4)
42 (2.2,7.8) 4.3 1.1 (0.7, 1.5)

AUC, area under the receiver operating characteristic curve; HA, hospital-acquired; IMPROVE, International Medical Prevention Registry on Venous

Thromboembolism; OR, odds ratio; UVM, University of Vermont.

good, with AUCs ranging from 0.63 to 0.73 (similar to or higher than
the original derivation cohort). Calibration was more troublesome,
however. The incidence of bleeding in the low-risk group (IMPROVE
score <7) ranged from 0.9% to 2.7% compared with 1.5% in the
original study and 4.4% reported here. The incidence of bleeding in
the high-risk population (IMPROVE score >7) ranged from 4.7% to
11%, with 7.9% reported in the original study and 6.6% reported here.
In each validation effort, however, most people with bleeding were
classified as low risk (ranging from 56% to 80%).

The current and prior findings likely represent loss of information
when converting the risk model (where actual risk is predicted) to a
score (where disparate groups of individuals are grouped together).
For VTE, 2 different outcomes were combined into 1 (hospital-

acquired VTE and postdischarge VTE). It is reasonable to hypothesize
that events occurring in the hospital might change the risk of post-
discharge VTE, and hence, the time to assess risk factors for post-
discharge VTE would be at the time of discharge and not at admission.
For bleeding, the risk score is performed differently by bleeding site,
and different proportions of bleeding events in different validation
efforts could affect validation. The IMPROVE study used actual length
of hospital stay >3 days as an inclusion criterion as individuals were
recruited retrospectively. The clinical utility of predictive bleeding and
VTE risk models is a prospective estimation of risk at the time of
admission. In the current study, we did not exclude individuals with
less than a 3-day hospitalization as was done in the original IMPROVE

study [17], as clinicians do not know the length of hospitalization at

TABLE 5 Observed hospital-acquired bleeding risk using the International Medical Prevention Registry on Venous Thromboembolism risk
score in the International Medical Prevention Registry on Venous Thromboembolism and the University of Vermont cohorts.

IMPROVE cohort (Decousus et al. [18])

UVM cohort (validation population)

Percentage of admissions

with risk score

Risk score Observed bleeding risk, % Overall With bleeding
<7 15 90.3 64
>7 7.9 9.7 36

Percentage of admissions with risk

Observed bleeding risk, score (95% Cl)

% (95% Cl)

Overall With bleeding

4.4 (3.9, 5.9) 85.7 (85.1, 86.2) 79.9 (77.0, 82.9)

6.5 (5.5, 7.6) 14.3 (13.8, 14.9) 20.1 (17.1, 23.0)

IMPROVE, International Medical Prevention Registry on Venous Thromboembolism; UVM, University of Vermont.
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TABLE 6
refitted to University of Vermont data.

No. of hospital-acquired bleeding events

IMPROVE (Decousous UVM cohort (validation

Bleeding site et al. [18]), n (%) population), n (%)
Overall 230 (100) 712 (100)
Gastrointestinal 64 (28) 240 (34)
Genitourinary 22 (10) 109 (15)
Intracranial 10 (4) 45 (6)
Pulmonary 0 (0) 42 (6)

Nasal 14 (6) 23 (3)

Other 120 (52) 253 (36)

|} u l
research & practice
in thrombosis & haemostasis

Performance of the International Medical Prevention Registry on Venous Thromboembolism bleeding risk score risk factors when

No. of hospital-acquired bleeding events
stratified by IMPROVE risk score, UVM cohort
(validation population)

AUC at UVM <7 (n = 13,057), n (%) >7 (n = 2183), n (%)
0.67 (0.65, 0.69) 569 (4.4) 143 (6.6)
0.79 (0.76, 0.82) 183 (1.4) 57 (2.6)
0.65 (0.60, 0.70) 86 (0.7) 23 (1.1)
0.67 (0.58, 0.75) 36 (0.3) 9 (0.4)
0.66 (0.56, 0.75) 33(0.3) 9 (0.4)
0.76 (0.66, 0.84) 17 (0.1) 6 (0.3)
0.64 (0.61, 0.68) 214 (1.6) 39 (1.8)

AUC, area under the receiver operating characteristic curve; IMPROVE, International Medical Prevention Registry on Venous Thromboembolism; UVM,

University of Vermont.

the time of admission, and provider-predicted length of stay at
admission is notoriously inaccurate, averaging 3 to 4 days shorter than
the actual length of stay [38]. Despite including individuals with
shorter lengths of stay, we did not observe a lower overall rate of
hospital-acquired bleeding or hospital-associated VTE, suggesting
these admissions are at risk for adverse outcomes.

The current study has strengths and weaknesses. Firstly, our
population was in 1 geographic region and at 1 academic medical
center. Given the geography of northwest Vermont, UYMMC has a
mix of tertiary care referrals and routine hospitalizations, though
requiring a UVM Health Network primary care provider may result in
fewer tertiary care cases. While our exclusion of nonprimary care
patients may limit the generalizability of the study, it does allow us to
capture most events in the population as a high percentage of patients
admitted to UVMMC also have a UVM Health Network primary care
provider. Further, the UVMMC population had a high level of co-
morbid conditions and lacked racial diversity. The lack of racial di-
versity would limit the applicability of the results had the scores
validated, but lack of validation in this homogeneous population raises
the concern that the risk scores may not perform as well in more
diverse populations. The original IMPROVE study did not report a
racial breakdown of the population to compare with the current study
[17]. Overall, the population studied here is the population for which
the IMPROVE VTE and bleeding risk scores were designed. A strength
was using the predictive rather than the associative IMPROVE-VTE
risk score, reflecting how the score would be employed in practice.
Finally, we would miss fatal outpatient VTE events if they did not
make it to the hospital.

In conclusion, the IMPROVE hospital-associated VTE and
hospital-acquired bleeding scores would misclassify risk for the
population studied here—adults admitted to nonsurgical services in
an acute care hospital. While the fit of the models was similar to that
reported in the original studies and prior validation efforts, the

calibration of the scores was poor, and the clinical utility was limited

by difficulty in identifying populations at risk. This may be due to the
loss of information by converting a risk assessment model into a
score or potentially by combining events with different risk factors
to develop the scores (hospital-acquired and postdischarge VTE and
bleeding at different anatomic sites). Future directions include
developing and validating predictive risk assessment models
with information known at admission and refining the outcomes

assessed.

ACKNOWLEDGMENTS

The authors appreciate and acknowledge the support and expertise of
Mr Michael Gianni, senior measurement analyst, and the Data Man-
agement Office at the University of Vermont Health Network. We
appreciate the support and guidance of investigators from the Study
Design and Molecular Epidemiology Core of the Vermont Center for
Cardiovascular and Brain Health. Funding was provided by P20
GM135007 from the National Institute of General Medical Sciences of
the National Institutes of Health.

FUNDING

This study was funded by grant RO1-HL141290 (N.A.Z) from the
National Heart, Lung, and Blood Institute, National Institutes of
Health, Bethesda, Maryland, United States of America. The sponsoring
institution was not involved in the analytical approach or data review.
The views presented here represent those of the authors and not
necessarily of the National Institutes of Health. H.A.-S. is funded by
the National Heart, Lung, and Blood Institute (1K23HL159313).

AUTHOR CONTRIBUTIONS

N.A.Z. obtained funding. KS.W., A.D.S., and N.A.Z. drafted and revised
the manuscript. KS.W., AD.S., and N.S.R. performed and directed
statistical analysis. All authors provided critical scientific input and

revised the manuscript.



10 of 11 rpﬂ.‘

WILKINSON ET AL.

research & practice §
in thrombosis & haemostasis

RELATIONSHIP DISCLOSURE

The authors report no relevant conflicts of interest.

ORCID

Katherine S. Wilkinson

https://orcid.org/0000-0001-6190-735X

REFERENCES

(1

[2]

[10]

[11]

[12]

[13]

[14]

[15]

Gergi M, Wilkinson K, Koh I, Munger J, Al-Samkari H, Smith NL, et al.
The relative risk of bleeding after medical hospitalization: the med-
ical inpatient thrombosis and hemorrhage study. J Thromb Haemost.
2023;21:513-21.

Lutsey PL, Zakai NA. Epidemiology and prevention of venous
thromboembolism. Nat Rev Cardiol. 2023;20:248-62.

Jordan Bruno X, Koh |, Lutsey PL, Walker RF, Roetker NS,
Wilkinson K, et al. Venous thrombosis risk during and after medical
and surgical hospitalizations: the medical inpatient thrombosis and
hemostasis (MITH) study. J Thromb Haemost. 2022;20:1645-52.
United States. Public Health Service. Office of the Surgeon General.
The Surgeon General’s call to action to prevent deep vein thrombosis
and pulmonary embolism. Rockville, MD: U.S. Public Health Service,
Office of the Surgeon General; 2008.

The Joint Commission. Specifications Manual for national hospital
inpatient quality measures. http://www.jointcommission.org/spe
cifications_manual_for_national_hospital_inpatient_quality_measures/;
2011. [accessed June 1, 2023].

Joint Commission response to Annals of Internal Medicine Editorial
regarding VTE. http://www.jointcommission.org/assets/1/6/VTE_
Web_Blurb_4_2_.pdf. [accessed June 5, 2024].

Summaries for patients: preventing venous thromboembolism in
hospitalized patients: recommendations from the American College
of Physicians. Ann Intern Med. 2011;155:1-38.

Maynard GA. Preventing hospital-associated venous thromboem-
bolism: a guide for effective quality improvement. Rockville, MD:
Agency for Healthcare Research and Quality, U.S. Department of
Health and Human Services; 2016.

Laporte S, Liotier J, Bertoletti L, Kleber FX, Pineo GF, Chapelle C,
et al. Individual patient data meta-analysis of enoxaparin vs.
unfractionated heparin for venous thromboembolism prevention in
medical patients. J Thromb Haemost. 2011;9:464-72.

Henke PK, Kahn SR, Pannucci CJ, Secemksy EA, Evans NS,
Khorana AA, et al. Call to action to prevent venous thromboembo-
lism in hospitalized patients: a policy statement from the American
Heart Association. Circulation. 2020;141:€914-31. https://doi.org/
10.1161/CIR.0000000000000769

Cho HJ, Smith D, Hart A, Prasad R, Sata SS, Clarke K, et al. Choosing
wisely in adult hospital medicine: co-creation of new recommenda-
tions for improved healthcare value by clinicians and patient advo-
cates. J Gen Intern Med. 2022;37:2454-61.

Rezende SM, Bauer KA, Zakai NA. Thromboprophylaxis in hospi-
talized and nonhospitalized medical patients: what’s new? Blood Adv.
2023;7:5199-201.

Schunemann HJ, Cushman M, Burnett AE, Kahn SR, Beyer-
Westendorf J, Spencer FA, et al. American Society of Hematology
2018 guidelines for management of venous thromboembolism:
prophylaxis for hospitalized and nonhospitalized medical patients.
Blood Adv. 2018;2:3198-225.

Rosenberg DJ, Press A, Fishbein J, Lesser M, McCullagh L, McGinn T,
et al. External validation of the IMPROVE bleeding risk assessment
model in medical patients. Thromb Haemost. 2016;116:530-6.
Hostler DC, Marx ES, Moores LK, Petteys SK, Hostler JM,
Mitchell JD, et al. Validation of the International Medical Prevention

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Registry on Venous Thromboembolism bleeding risk score. Chest.
2016;149:372-9.

Rosenberg D, Eichorn A, Alarcon M, McCullagh L, McGinn T,
Spyropoulos AC. External validation of the risk assessment model of
the International Medical Prevention Registry on Venous Throm-
boembolism (IMPROVE) for medical patients in a tertiary health
system. J Am Heart Assoc. 2014;3:e001152. https://doi.org/10.1161/
JAHA.114.001152

Spyropoulos AC, Anderson Jr FA, FitzGerald G, Decousus H, Pini M,
Chong BH, et al. Predictive and associative models to identify hos-
pitalized medical patients at risk for VTE. Chest. 2011;140:706-14.
Decousus H, Tapson VF, Bergmann JF, Chong BH, Froehlich JB,
Kakkar AK, et al. Factors at admission associated with bleeding risk
in medical patients: findings from the IMPROVE investigators. Chest.
2011;139:69-79.

Cruden P, Cushman M, Repp AB. Hospitalist assessment of venous
thromboembolism and bleeding risk: a survey study. Thromb Res.
2019;178:155-8.

Darzi AJ, Karam SG, Charide R, Etxeandia-lkobaltzeta |, Cushman M,
Gould MK, et al. Prognostic factors for VTE and bleeding in hospi-
talized medical patients: a systematic review and meta-analysis.
Blood. 2020;135:1788-810.

Darzi AJ, Karam SG, Spencer FA, Spyropoulos AC, Mbuagbaw L,
Woller SC, et al. Risk models for VTE and bleeding in medical in-
patients: systematic identification and expert assessment. Blood Adv.
2020;4:2557-66.

Darzi AJ, Repp AB, Spencer FA, Morsi RZ, Charide R, Etxeandia-
lkobaltzeta |, et al. Risk-assessment models for VTE and bleeding in
hospitalized medical patients: an overview of systematic reviews.
Blood Adv. 2020;4:4929-44,

Thomas RM, Wilkinson K, Koh I, Li A, Warren JSA, Roetker NS, et al.
Development of a computable phenotype using electronic health
records for venous thromboembolism in medical inpatients: the
Medical Inpatient Thrombosis and Hemostasis study. Res Pract
Thromb Haemost. 2023;7:100162. https://doi.org/10.1016/j.rpth.
2023.100162

Burns EM, Rigby E, Mamidanna R, Bottle A, Aylin P, Ziprin P, et al.
Systematic review of discharge coding accuracy. J Public Health (Oxf).
2012;34:138-48.

Fang MC, Fan D, Sung SH, Witt DM, Schmelzer JR, Steinhubl SR,
et al. Validity of using inpatient and outpatient administrative codes
to identify acute venous thromboembolism: the CVRN VTE Study.
Med Care. 2017;55:€137-43. https://doi.org/10.1097/MLR.00000
00000000524

White RH, Garcia M, Sadeghi B, Tancredi DJ, Zrelak P, Cuny J, et al.
Evaluation of the predictive value of ICD-9-CM coded administra-
tive data for venous thromboembolism in the United States. Thromb
Res. 2010;126:61-7.

Kaatz S, Ahmad D, Spyropoulos AC, Schulman S, Subcommittee on
Control of Anticoagulation. Definition of clinically relevant non-
major bleeding in studies of anticoagulants in atrial fibrillation and
venous thromboembolic disease in non-surgical patients: communi-
cation from the SSC of the ISTH. J Thromb Haemost. 2015;13:
2119-26.

Schulman S, Kearon C. Subcommittee on Control of Anti-
coagulation of the Scientific and Standardization Committee of
the International Society on Thrombosis and Haemostasis. Defi-
nition of major bleeding in clinical investigations of anti-
hemostatic medicinal products in non-surgical patients. J Thromb
Haemost. 2005;3:692-4.

Schulman S, Angeras U, Bergqvist D, Eriksson B, Lassen MR,
Fisher W, et al. Definition of major bleeding in clinical investigations
of antihemostatic medicinal products in surgical patients. J Thromb
Haemost. 2010;8:202-4.


https://orcid.org/0000-0001-6190-735X
https://orcid.org/0000-0001-6190-735X
https://orcid.org/0000-0001-6190-735X
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref1
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref1
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref1
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref1
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref2
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref2
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref3
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref3
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref3
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref3
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref4
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref4
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref4
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref4
http://www.jointcommission.org/specifications_manual_for_national_hospital_inpatient_quality_measures/
http://www.jointcommission.org/specifications_manual_for_national_hospital_inpatient_quality_measures/
http://www.jointcommission.org/assets/1/6/VTE_Web_Blurb_4__2_.pdf
http://www.jointcommission.org/assets/1/6/VTE_Web_Blurb_4__2_.pdf
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref7
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref7
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref7
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref8
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref8
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref8
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref8
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref9
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref9
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref9
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref9
https://doi.org/10.1161/CIR.0000000000000769
https://doi.org/10.1161/CIR.0000000000000769
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref11
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref11
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref11
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref11
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref12
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref12
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref12
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref13
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref13
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref13
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref13
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref13
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref14
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref14
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref14
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref15
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref15
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref15
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref15
https://doi.org/10.1161/JAHA.114.001152
https://doi.org/10.1161/JAHA.114.001152
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref17
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref17
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref17
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref18
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref18
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref18
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref18
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref19
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref19
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref19
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref20
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref20
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref20
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref20
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref21
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref21
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref21
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref21
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref22
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref22
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref22
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref22
https://doi.org/10.1016/j.rpth.2023.100162
https://doi.org/10.1016/j.rpth.2023.100162
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref24
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref24
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref24
https://doi.org/10.1097/MLR.0000000000000524
https://doi.org/10.1097/MLR.0000000000000524
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref26
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref26
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref26
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref26
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref27
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref27
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref27
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref27
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref27
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref27
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref28
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref28
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref28
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref28
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref28
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref28
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref29
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref29
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref29
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref29

WILKINSON ET AL

11 of 11

[30]

[31]

[32]

[33]

[34]

Zakai NA, Wilkinson K, Sparks AD, Packer RT, Koh |, Roetker NS,
et al. Development and validation of a risk model for hospital-
acquired venous thrombosis: the Medical Inpatients Thrombosis
and Hemostasis study. J Thromb Haemost. 2024;22:503-15.

U.S. Department of Health and Human Services. 83 FR 28497 - Federal
Policy for the protection of human subjects: six month delay of the
general compliance date of revisions while allowing the use of three
burden-reducing provisions during the delay period; 2021. https://
www.hhs.gov/ohrp/regulations-and-policy/regulations/45-cfr-46/rev
ised-common-rule-regulatory-text/index.html. [accessed June 5, 2024].
Cobben MRR, Nemeth B, Lijfering WM, Cannegieter SC. Validation
of risk assessment models for venous thrombosis in hospitalized
medical patients. Res Pract Thromb Haemost. 2019;3:217-25.
Mahan CE, Liu Y, Turpie AG, Vu JT, Heddle N, Cook RJ, et al.
External validation of a risk assessment model for venous throm-
boembolism in the hospitalised acutely-ill medical patient (VTE-
VALOURR). Thromb Haemost. 2014;112:692-9.

Zhang Z, Zhai Z, Li W, Qin X, Qu J, Shi Y, et al. Validation of the
IMPROVE bleeding risk score in Chinese medical patients during hos-
pitalization: findings from the dissolve-2 study. Lancet Reg Health West
Pac. 2020;4:100054. https://doi.org/10.1016/j.lanwpc.2020.100054

[35]

[36]

(37]

(38]

| ] m
Tesearch & practice
in thrombosis & haemostasis

Villiger R, Juillard P, Darbellay Farhoumand P, Choffat D,
Tritschler T, Stalder O, et al. Prediction of in-hospital bleeding in
acutely ill medical patients: external validation of the IMPROVE
bleeding risk score. Thromb Res. 2023;230:37-44.

Spyropoulos AC, Lipardi C, Xu J, Peluso C, Spiro TE, De Sanctis Y, et al.
Modified IMPROVE VTE risk score and elevated D-dimer identify a
high venous thromboembolism risk in acutely ill medical population
for extended thromboprophylaxis. TH Open. 2020;4:e59-65. https://
doi.org/10.1055/5-0040-1705137

Moons KG, Kengne AP, Grobbee DE, Royston P, Vergouwe Y,
Altman DG, et al. Risk prediction models: Il. External validation,
model updating, and impact assessment. Heart. 2012;98:691-8.
Mak G, Grant WD, McKenzie JC, McCabe JB. Physicians’ ability to
predict hospital length of stay for patients admitted to the hospital
from the emergency department. Emerg Med Int. 2012;2012:824674.
https://doi.org/10.1155/2012/824674

SUPPLEMENTARY MATERIAL
The online version contains supplementary material available at
https://doi.org/10.1016/j.rpth.2024.102441


http://refhub.elsevier.com/S2475-0379(24)00130-4/sref30
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref30
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref30
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref30
https://www.hhs.gov/ohrp/regulations-and-policy/regulations/45-cfr-46/revised-common-rule-regulatory-text/index.html
https://www.hhs.gov/ohrp/regulations-and-policy/regulations/45-cfr-46/revised-common-rule-regulatory-text/index.html
https://www.hhs.gov/ohrp/regulations-and-policy/regulations/45-cfr-46/revised-common-rule-regulatory-text/index.html
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref32
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref32
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref32
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref33
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref33
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref33
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref33
https://doi.org/10.1016/j.lanwpc.2020.100054
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref35
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref35
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref35
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref35
https://doi.org/10.1055/s-0040-1705137
https://doi.org/10.1055/s-0040-1705137
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref37
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref37
http://refhub.elsevier.com/S2475-0379(24)00130-4/sref37
https://doi.org/10.1155/2012/824674
https://doi.org/10.1016/j.rpth.2024.102441

	Validation of the International Medical Prevention Registry on Venous Thromboembolism (IMPROVE) risk scores for venous thro ...
	1. Introduction
	2. Methods
	2.1. Cohort
	2.2. Definitions
	2.3. Statistical analysis

	3. Results
	4. Discussion
	Funding
	Author contributions
	Relationship disclosure
	slink4

	References


