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Abstract Background The IMPROVE score is a validated venous thromboembolism (VTE)
assessment tool to risk stratify hospitalized, medically ill patients based on clinical
variables. It was hypothesized that addition of D-dimer measurement to derive a new
IMPROVEDD score would improve identification of at risk of VTE.
Methods The association of the IMPROVE score and D-dimer � 2 � the upper limit of
normal (ULN) with the risk of symptomatic deep vein thrombosis, nonfatal pulmonary
embolism, or VTE-related death was evaluated in 7,441 hospitalized, medically ill
patients randomized in the APEX trial. Based on the Cox regression analysis, the
IMPROVEDD score was derived by adding two points to the IMPROVE score if the
D-dimer was � 2 � ULN.
Results Baseline D-dimer was independently associated with symptomatic VTE
through 77 days (adjusted HR: 2.22 [95% CI: 1.38–1.58], p ¼ 0.001). Incorporation
of D-dimer into the IMPROVE score improved VTE risk discrimination (ΔAUC: 0.06 [95%
CI: 0.02–0.09], p ¼ 0.0006) and reclassification (continuous NRI: 0.34 [95% CI: 0.17–
0.51], p ¼ 0.001; categorical NRI: 0.13 [95% CI: 0.03–0.23], p ¼ 0.0159). Patients with
an IMPROVEDD score of �2 had a greater VTE risk compared with those with an
IMPROVEDD score of 0 to 1 (HR: 2.73 [95% CI: 1.52–4.90], p ¼ 0.0007).
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Introduction

Venous thromboembolism (VTE) is a major contributor to
the global disease burdenwith an estimated incidence of 3.0
to 3.3 cases per 100 hospitalizations per year.1 Hospitalized,
medically ill patients represent a population with hetero-
geneous predisposition to VTE for which risk assessment is
recommended prior to thromboprophylaxis.2–4 However,
existing risk assessment models (RAMs) may not adequately
identify at-risk subsets, and risk stratification remains an
ongoing challenge and imprecise science.5,6 D-dimer, a bio-
marker for fibrinolysis, has been associated with heightened
VTE risk among patients hospitalized for an acute medical
illness.7–9 The International Medical Prevention Registry on
Venous Thromboembolism (IMPROVE) VTE RAM has under-
gone extensive external validation in the medically ill po-
pulation.6,10,11 In this article, D-dimer was incorporated into
the IMPROVE VTE RAM to derive the IMPROVEDD VTE risk
score.12 Themodel-based performancewas tested in a cohort
of hospitalized medical patients receiving primary pharma-
cologic prophylaxis. It was hypothesized that incorporation
of the biomarker D-dimer would provide incremental prog-
nostic value to the IMPROVE RAM in identifying patients at
risk of developing symptomatic deep vein thrombosis, non-
fatal pulmonary embolism, and VTE-related death.

Methods

Study Design
The Acute Medically Ill VTE (Venous Thromboembolism)
Prevention with Extended Duration Betrixaban Trial (APEX;
ClinicalTrials.gov identifier: NCT01583218) was a rando-
mized, double-blind, multinational clinical trial that com-
pared extended-duration betrixaban (80 mg once daily for
35–42 days) to standard-duration enoxaparin (40 mg once
daily for 10 � 4 days) among hospitalized medical pa-
tients.9,13 Four principal enrollment criteria were as follows:
(1) hospitalization for acute medical illness, including heart
failure, respiratory failure, infection, ischemic stroke, or
rheumatic disorder; (2) age �75 years, age 60 to 74 years
with D-dimer � 2 � the upper limit of normal (ULN), or age
40 to 59 yearswithD-dimer � 2 � ULNand history of VTE or
cancer; (3) anticipated severe immobilization for � 24 hours
followed bymoderate or severe immobilization for 3 ormore
days; and (4) anticipated hospitalization for 3 or more days.
Serum samples for D-dimer were obtained at the time of
screening and sent to the central laboratory for analysis
using the quantitative STA Liatest D-Di immunoturbidi-
metric assay (Diagnostica Stago, Asnières-sur-Seine, France).
Endpoints were assessed at 42 and 77 days after randomiza-

tion to approximate the 90-day endpoint from the original
IMPROVE VTE RAM. All VTE events were adjudicated by an
independent clinical events committee blinded to thrombo-
prophylaxis allocation based on the documentation from the
case report form, the narratives prepared by the study sites,
and any other available supporting source documentation.
The process of events adjudication occurred in two phases
(Phase I and Phase II). Phase I review was conducted by two
independent physicians. If the Phase I reviewers agreed in
the adjudication of the event, the process was complete. If
the Phase I reviewers did not agree, the event was submitted
for adjudication by Phase II physician committee. In the
Phase II meeting, each case was decided by majority rule
of the Phase II reviewers. The enrollment period was from
March 2012 to October 2015 and the follow-up of the last
patient was completed in January 2016.

Statistical Analysis
All randomized patients fulfilling the enrollment criteria
were included in the analyses. Baseline characteristics
among patients with and without events were compared
using the χ2 test for categorical variables and the one-way
ANOVA or Kruskal-Wallis test for continuous variables, as
appropriate. Cumulative incidence of symptomatic VTE from
randomization to 42 and 77 days was estimated by the
Kaplan–Meier method. To test the association between
D-dimer and VTE-related events, univariate andmultivariate
regression analyses evaluated variables included in the
IMPROVE associative model (i.e., previous VTE, known
thrombophilia, current lower-limb paralysis, current cancer,
immobilized �7 days, intensive care unit (ICU) or coronary
care unit (CCU) stay, and age >60 years). An additional
sensitivity analysis that considered the confounding effect
of thromboprophylaxis on this association was performed.
To determine the appropriate weight for D-dimer, the risk
estimate of D-dimer relative to the per point increase in the
IMPROVE score was calculated from the adjusted Cox pro-
portional hazards model. Consequently, the IMPROVEDD
score was calculated by adding two points to the IMPROVE
score if the D-dimer level was � 2 � ULN.

The model-based probability for the IMPROVE and
IMPROVEDD score was estimated using logistic regression
analysis. Metrics of model discrimination and reclassifica-
tion were computed to assess the improvement in VTE
predictability by the IMPROVEDD score, including area under
the receiver–operating–characteristic curve (AUC), inte-
grated discrimination improvement (IDI), and net reclassi-
fication improvement (NRI).14 Model calibration was
assessed by comparing the observed and predicted risk for

Conclusion Incorporation of D-dimer into the IMPROVE VTE risk assessment model
further improves risk stratification in hospitalized, medically ill patients who received
thromboprophylaxis. An IMPROVEDD score of �2 identifies hospitalized, medically ill
patients with a heightened risk for VTE through 77 days.
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each IMPROVEDD score category. In addition, decision curve
analysis was performed to compare the net benefit of the
IMPROVE and IMPROVEDD score in VTE prediction.15 A
cutoff for the IMPROVEDD score corresponding to an event
rate of � 1%, as recommended forwarranting pharmacologic
prophylaxis by the American College of Chest Physicians
(ACCP) guidelines, was used to dichotomize patients as at-
risk versus low-risk category. Accordingly, the risk for symp-
tomatic VTE was compared between the at-risk warranting
prophylaxis (� 2 points) and low-risk (0–1 points) cate-
gories. Analyses were performed independently by an aca-
demic research organization, Percutaneous-Pharmacologic
Endoluminal Revascularization for Unstable Syndromes Eva-
luation (PERFUSE) Study Group, using SAS software version
9.4 (SAS Institute, Inc., Cary, North Carolina, United States).

Results

Baseline Characteristics
Patients who developed symptomatic VTE at 77 days were
hospitalized longer and were more likely to have had a
previous VTE, ICU or CCU stay, higher IMPROVE score, and
D-dimer�2 � ULN (►Table 1). Age, sex, race, weight, height,
body mass index, creatinine clearance, and acute medical
condition were balanced between patients with events and
without events.

Risk Stratification by D-Dimer
Baseline D-dimer levels were measured in 7,235 patients.
The risk for symptomatic VTE was significantly higher
among patients with D-dimer � 2 � ULN compared with
< 2 � ULN, with respective rates of 1.11 versus 0.57% at
42 days and 2.37 versus 1.00% at 77 days (HR: 2.26 [95% CI:
1.41–3.64], p ¼ 0.0008; ►Fig. 1). Of the seven risk factors
identified in the IMPROVE RAM study, previous VTE and
ICU or CCU stay were statistically associated with sympto-
matic VTE in the study population (►Table 2). Multivariate
analysis confirmed that D-dimer was independently asso-
ciated with symptomatic VTE at 42 days (adjusted HR: 2.28
[95% CI: 1.35–3.85], p ¼ 0.0020) and at 77 days (adjusted
HR: 2.22 [95% CI: 1.38–3.58], p ¼ 0.0010). When thrombo-
prophylaxis allocation was considered in the model, esti-
mates for the VTE risk factors do not alter substantially
(►Table S1, supplementary table available in the online
version only).

Derivation of the IMPROVEDD VTE Risk Score
In the Cox proportional hazards model, symptomatic VTE
risk was approximately 2.26 to 2.33 times greater among
patients with D-dimer � 2 � ULN compared with < 2 �
ULN (►Table 3). The risk was approximately 1.22 to 1.26
times greater for each point increase in the IMPROVE score.
There was no significant interaction between D-dimer and
the IMPROVE score in the model (p ¼ 0.41 at 42 days and
p ¼ 0.61 at 77 days). Based on the relative size of the risk
estimates, the IMPROVEDD VTE risk score was derived by
adding two points to the IMPROVE score for patients with D-
dimer � 2 � ULN (►Table 4).

Risk Discrimination and Reclassification by the
IMPROVEDD Score
Metrics of model discrimination and reclassification are
summarized in ►Tables 4 and 5. The AUC of the D-dimer,
IMPROVE score, and IMPROVEDD score were 0.588, 0.560,
and 0.621 at 42 days and 0.584, 0.568, and 0.625 at 77 days,
respectively (►Fig. 2). Addition of D-dimer to the IMPROVE
score significantly improved the risk discrimination and
reclassification at 42 and 77 days.

The observed and predicted risk for each IMPROVEDD
score category is provided in ►Table 6. The rates were
generally comparable in the two categories that comprise
the majority of patients: IMPROVEDD scores of 1 (28.4%) and
3 (48.7%). Calibration of the IMPROVEDD score was subopti-
mal in the other categories: overestimation was noted in the
score of 0 and � 5, whereas underestimation was noted in
the scores of 2 and 4. Decision curves of the IMPROVE and
IMPROVEDD scores in VTE prediction at 42 and 77 days were
shown in ►Figs. S1 and S2 (supplementary figures available
in the online version only).With the VTE threshold of 1% that
corresponds to the cutoff warranting pharmacologic pro-
phylaxis, IMPROVE score is associated with minimal net
benefit (0.002 at both 42 and 77 days) against the “treat
all” strategy, whereas the use of IMPROVEDD score would
avoid undue thromboprophylaxis in 15 and 11 per 100
patients, respectively.

Identifying At-Risk Patients by the IMPROVEDD Score
The American College of Chest Physicians2 selected a cutoff
corresponding to an event rate of � 1% to dichotomize
individuals as at-risk and in need of prophylaxis versus
low-risk. Consequently, patients with an IMPROVEDD score
of � 2were deemed as at-risk, whereas thosewith a score of
0 to 1 were deemed to be at low-risk (►Table 7). Compared
with low-risk patients, at-risk patients had a higher rate of
symptomatic VTE at 42 and 77 days. The Kaplan–Meier rates
of symptomatic VTE were 1.11 versus 0.39% at 42 days and
2.22 versus 0.91% at 77 days (HR: 2.73 [95% CI: 1.52–4.90],
p ¼ 0.0007; ►Fig. 3).

Discussion

Incorporation of the quantitative D-dimer level, which in-
creases as overall hypercoagulability increases, provides
incremental prognostic value to the IMPROVE VTE RAM at
42 and 77 days. Incorporating D-dimer into the IMPROVE
VTE risk score significantly improves VTE risk discrimination
and reclassification. An IMPROVEDD score of �2 identified a
subset of hospitalized, medically ill patients at a sustained,
heightened symptomatic VTE risk through 77 days.

VTE risk assessment for hospitalized patients has been
associated with reduced morbidity, mortality, and incidence
of hospital-acquired thrombosis.16–18 To identify the at-risk
population and to guide appropriate thromboprophylaxis
among hospitalized patients, several RAMs have been devel-
oped using clinical parameters.12,19–21 Research efforts have
focused on exploring biomarkers associated with VTE in
various populations. D-dimer has been considered as one
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Table 1 Patient characteristics in the study population with and without symptomatic VTE

Characteristic With symptomatic
VTE (N ¼ 104)

Without symptomatic
VTE (N ¼ 7,337)

Age, mean (SD)—y 77.0 (9.0) 76.4 (8.4)

Male sex, n (%) 43 (41.3) 3,349 (45.6)

Race, n (%)

White 94 (90.4) 6,868 (93.6)

Black/African American 3 (2.9) 137 (1.9)

Asian 0 (0.0) 16 (0.2)

Others 7 (6.7) 316 (4.3)

Weight, mean (SD)—kg 81.8 (19.8) 80.3 (19.3)

Height, mean (SD)—cm 166.4 (8.4) 165.3 (9.1)

Body mass index, mean (SD)—kg/m2 29.5 (6.9) 29.4 (6.6)

Creatinine clearance, n (%)

< 30 mL/min 7 (6.7) 316 (4.3)

� 30 to < 60 mL/min 46 (44.2) 3,055 (41.7)

� 60 to < 90 mL/min 32 (30.8) 2,595 (35.5)

� 90 mL/min 19 (18.3) 1,352 (18.5)

Duration of hospitalization, median (Q1, Q3)a 12.0 (7.0, 17.0) 10.0 (8.0, 14.0)

Acute medical condition, n (%)

Heart failure 34 (32.7) 3,304 (45.0)

Respiratory failure 20 (19.2) 885 (12.1)

Infection 33 (31.7) 2,103 (28.7)

Rheumatic disorder 3 (2.9) 219 (3.0)

Ischemic stroke 14 (13.5) 824 (11.2)

IMPROVE VTE risk factor, n (%)

Previous VTEa 17 (16.3) 581 (7.9)

Known thrombophiliab 0 (0.0) 8 (0.1)

Current lower-limb paralysis 7 (6.7) 559 (7.6)

Current cancer 3 (2.9) 284 (3.9)

Immobilized �7 d 0 (0.0) 0 (0.0)

ICU or CCU staya 21 (20.2) 682 (9.3)

Age >60 y 99 (95.2) 7,037 (95.9)

IMPROVE score, n (%)a

0 1 (1.0) 119 (1.6)

1 63 (60.6) 5,322 (72.5)

2 14 (13.5) 561 (7.6)

3 8 (7.7) 777 (10.6)

4 15 (14.4) 463 (6.3)

� 5 3 (2.9) 95 (1.3)

IMPROVE score, median (Q1, Q3)a 1.0 (1.0, 2.5) 1.0 (1.0, 2.0)

D-dimer � 2 � ULN, n (%)a 75 (77.3) 4,315 (60.5)

Abbreviations: CCU, coronary care unit; ICU, intensive care unit; ULN, upper limit of normal; VTE, venous thromboembolism.
ap < 0.05.
bDefined as inherited or acquired disorder of hemostasis including antithrombin III deficiency, protein C deficiency, and protein S deficiency.

TH Open Vol. 1 No. 1/2017

Incorporation of D-Dimer into the IMPROVE Score to Improve VTE Risk Stratification Gibson et al. e59

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



≥ 2 × ULN
< 2 × ULN

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 7 14 21 28 35 42

Time after randomization (days)

C
um

ul
at

iv
e 

in
ci

de
nc

e 
of

 sy
m

pt
om

at
ic

 V
T

E
 (%

)

Patients at risk

49 56 63 70 77

≥ 2 × ULN 4390
2845< 2 × ULN

4330
2820

4266
2798

4217
2780

4184
2776

4149
2766

4094
2749

4050
2732

4032
2727

2162
1423

4003
2709

270
197

Fig. 1 Kaplan–Meier curves for symptomatic VTE stratified by D-dimer concentration.

Table 2 Univariable and multivariable regression analysis of VTE risk factorsa

Variable Comparison Univariable model Multivariable model

HR (95% CI) p-Value Adjusted HR (95% CI) p-Value

At 42 d

D-dimer � 2 � ULN vs. < 2 � ULN 2.33 (1.38–3.94) 0.0015 2.28 (1.35–3.85) 0.0020

IMPROVE VTE risk factor

Previous VTE Yes vs. no 2.31 (1.32–4.02) 0.0032 2.20 (1.16–4.17) 0.0155

Known thrombophilia Yes vs. no – – – –

Current lower-limb
paralysis

Yes vs. no 0.58 (0.21–1.59) 0.29 0.66 (0.24–1.79) 0.41

Current cancer Yes vs. no 0.58 (0.14–2.35) 0.44 0.63 (0.16–2.57) 0.52

Immobilization � 7 d vs. < 7 d – – – –

ICU or CCU stay Yes vs. no 2.60 (1.55–4.37) 0.0003 2.95 (1.75–4.99) < 0.0001

Age > 60 y vs. � 60 y 0.72 (0.29–1.78) 0.48 0.99 (0.37–2.62) 0.98

At 77 d

D-dimer � 2 � ULN vs. < 2 � ULN 2.26 (1.41–3.64) 0.0008 2.22 (1.38–5.38) 0.0010

IMPROVE VTE risk factor

Previous VTE Yes vs. no 2.21 (1.32–3.72) 0.0028 2.20 (1.22–3.97) 0.0084

Known thrombophilia Yes vs. no – – – –

Current lower-limb
paralysis

Yes vs. no 0.91 (0.42–1.96) 0.81 1.01 (0.47–2.18) 0.98

Current cancer Yes vs. no 0.75 (0.24–2.36) 0.62 0.82 (0.26–2.59) 0.73

Immobilization � 7 vs. < 7 d – – – –

ICU or CCU stay Yes vs. no 2.69 (1.67–4.34) <0.0001 2.98 (1.84–4.84) < 0.0001

Age > 60 vs. � 60 y 0.86 (0.35–2.11) 0.74 1.20 (0.46–3.14) 0.71

Abbreviations: CCU, coronary care unit; HR, hazard ratio; ICU, intensive care unit; ULN, upper limit of normal; VTE, venous thromboembolism.
aA total of 206 patients with incomplete covariate information were dropped from the model.
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of the most promising, well-validated, readily available
markers for VTE prediction, particularly among cancer pa-
tients.22 D-dimer has also been used in combination with
gender and the location of VTE to predict recurrence after
discontinuing anticoagulation.23 This is the first study to
demonstrate the complementary nature of combining a

biomarker such as D-dimer with clinical variables for the
risk stratification of hospitalized, medically ill patients.
Results from this study demonstrate that there is a spectrum
of thromboembolic risk across the IMPROVEDD score cate-
gories, with a higher score indicating a greater VTE risk that
persists beyond the course of hospitalization. At-risk

Table 3 Cox proportional hazards model for symptomatic VTE

Variable Comparison HR (95% CI) p-Value

At 42 d

D-dimer � 2 � ULN vs. < 2 � ULN 2.33 (1.38–3.94) 0.0015

IMPROVE score Per point increase 1.22 (1.03–1.45) 0.0223

At 77 d

D-dimer � 2 � ULN vs. < 2 � ULN 2.26 (1.41–3.64) 0.0008

IMPROVE score Per point increase 1.26 (1.09–1.47) 0.0026

Abbreviations: HR, hazard ratio; ULN, upper limit of normal.

Table 4 Improvement in model performance by the IMPROVEDD VTE risk score

Metric Value p-Value

At 42 d

ΔAUC 0.061 (0.026–0.097) 0.0008

IDI

Absolute 0.0012 (0.0005–0.0019) 0.0004

Relative 1.71

NRI, continuous

Overall 0.346 (0.162–0.530) 0.0018

Events correctly reclassified 54% < 0.0001

Nonevents correctly reclassified �19% < 0.0001

NRI, categorical

Overall 0.215 (0.111–0.319) < 0.0001

Events correctly reclassified �6% 0.25

Nonevents correctly reclassified 28% < 0.0001

At 77 d

ΔAUC 0.057 (0.024–0.090) 0.0006

IDI

Absolute 0.0015 (0.0007–0.0023) 0.0002

Relative 1.25

NRI, continuous

Overall 0.337 (0.169–0.506) 0.0010

Events correctly reclassified 55% < 0.0001

Nonevents correctly reclassified �21% < 0.0001

NRI, categorical

Overall 0.125 (0.026–0.225) 0.0159

Events correctly reclassified �11% 0.0278

Nonevents correctly reclassified 24% < 0.0001

Abbreviations: ΔAUC, improvement in the area under ROC curve; IDI, integrated discrimination improvement; NRI, net reclassification improvement.
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patients, as identified by the IMPROVEDD score, may be
appropriate candidates for extended thromboprophylaxis
to minimize the risk of symptomatic VTE.

With the intent of maintaining generalizability from the
IMPROVE derivation cohort, the weights for each VTE risk
factor were unchanged, and two points were added to the
original score for patients with D-dimer � 2 � ULN. It is
notable that adding D-dimer measurement to the IMPROVE
score has been implemented in the enrollment criteria of an
ongoing trial for preventing hospital-associated VTE (Medi-
cally Ill Patient Assessment of Rivaroxaban Versus Placebo in

Reducing Post-Discharge Venous Thrombo-Embolism Risk
[MARINER]).24 In the MARINER study, eligible patients (i.e.,
“high-risk” patients) must have a total modified IMPROVE
VTE risk score of�4, or a risk score of 2 or 3 with a plasma D-
dimer level of more than twice the ULN. The relative weight
for D-dimer of � 2 � ULN is equivalent to two points when
taken together with the IMPROVEVTE risk score andmatches
the rationale in this analysis. Furthermore, it supports the
use of D-dimer measurement in conjunction with a standar-
dized RAM for optimizing VTE risk assessment among
acutely ill, hospitalized medical patients. However, although

Table 5 Reclassification by the IMPROVEDD VTE risk scorea

Estimated risk by the IMPROVE score Estimated risk by the IMPROVEDD score Total

< 1% � 1% to < 2% � 2%

At 42 d

Overall

< 1% 117 (100.0) 0 (0.0) 0 (0.0) 117

� 1% to < 2% 2,263 (32.2) 4,461 (63.5) 301 (4.3) 7,025

� 2% 0 (0.0) 15 (16.1) 78 (83.9) 93

Total 2,380 4,476 379 7,235

Events

< 1% 1 (0.0) 0 (0.0) 0 (0.0) 1

� 1% to < 2% 12 (15.2) 60 (75.9) 7 (8.9) 79

� 2% 0 (0.0) 0 (0.0) 2 (100.0) 2

Total 13 60 9 82

Nonevents

< 1% 116 (100.0) 0 (0.0) 0 (0.0) 116

� 1% to < 2% 2,251 (32.4) 4,401 (63.4) 294 (4.2) 6,946

� 2% 0 (0.0) 15 (16.5) 76 (83.5) 91

Total 2,367 4,416 370 7,153

At 77 d

Overall

< 1% 48 (41.0) 69 (59.0) 0 (0.0) 117

� 1% to < 2% 2,053 (31.3) 4,077 (62.1) 431 (6.6) 6,561

� 2% 0 (0.0) 163 (29.3) 394 (70.7) 557

Total 2,101 4,309 825 7,235

Events

< 1% 0 (0.0) 1 (100.0) 0 (0.0) 1

� 1% to < 2% 13 (16.3) 61 (76.3) 6 (7.5) 80

� 2% 0 (0.0) 5 (31.3) 11 (68.8) 16

Total 13 67 17 97

Nonevents

< 1% 48 (41.4) 68 (58.6) 0 (0.0) 116

� 1% to < 2% 2,040 (31.5) 4,016 (62.0) 425 (6.6) 6,481

� 2% 0 (0.0) 158 (29.2) 383 (70.8) 541

Total 2,088 4,242 808 7,138

aValues expressed as number of patients (row percentage).
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the incorporation of biomarker may enhance the perfor-
mance of clinical RAM, it remains uncertain whether this
refinement is clinically meaningful towarrant the additional
complexity and expense. Future studies are therefore re-
quired to evaluate the practicability of IMPROVEDD score in
the “real-world” setting.

Limitations

VTE risk factors encompassed in the analyses were not all
inclusive. First, other previously described risk factors (e.g.,
myocardial infarction, chronic obstructive pulmonary dis-
ease, chronic kidney disease, and dyslipidemia) and

Likelihood Ratio Test Statistics

Model Comparison Chi-Square P-value

At 42 days

D-dimer ≥ 2 × ULN vs. < 2 × ULN 11.36 0.0008

IMPROVE score Per point increase 4.36 0.0366

IMPROVEDD score Per point increase 13.66 0.0002

At 77 days

D-dimer ≥ 2 × ULN vs. < 2 × ULN 12.30 0.0005

IMPROVE score Per point increase 7.43 0.0064

IMPROVEDD score Per point increase 18.33 < 0.0001
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Fig. 2 Receiver–operating–characteristic (ROC) curves for D-dimer, IMPROVE, and IMPROVEDD models in predicting symptomatic VTE.

Table 6 Observed and predicted risk by the IMPROVEDD VTE risk score

IMPROVEDD score Patients,
n (%)

At 42 d At 77 d

Event, n Observed
risk, %

Predicted
risk, %

Event, n Observed
risk, %

Predicted
risk, %

0 48 (0.7) 0 0.0 0.4 0 0.0 0.5

1 2,053 (28.4) 10 0.5 0.6 13 0.6 0.7

2 279 (3.9) 3 1.1 0.8 3 1.1 1.0

3 3,520 (48.7) 42 1.2 1.2 47 1.3 1.4

4 510 (7.0) 14 2.7 1.6 17 3.3 1.9

� 5 825 (11.4) 13 1.6 2.2 17 2.1 2.7
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biomarkers (e.g., prothrombin fragment 1 þ 2, soluble P-
selectin, clotting factor VIII, and thrombin generation poten-
tial) may offer additional refinement in risk stratification
among acutely ill, hospitalized medical patients. Second,
small numbers of events in certain score categories may
preclude an accurate calibration of the IMPROVEDD model.
Also the lack of patients who were immobilized �7 days as a
risk factor in the IMPROVEmodelmay have altered themodel
characteristics. Nonetheless, the cutoff of an IMPROVEDD
score of � 2 demonstrated excellent discriminatory capacity
in this population. Third, asymptomatic DVT was not in-
cluded as a component of the outcome in the analysis.
Fourth, it should be noted that D-dimer measurement could
be influenced by the analytical methods and reporting
standards from different laboratories.25 Finally, the data
were derived from a population that agreed to participate
in a clinical trial. The results are applicable to patients who
received primary prophylaxis with either standard-duration
enoxaparin or extended-duration betrixaban andmay not be
generalizable to other settings.

Conclusion

Baseline D-dimer level demonstrated a robust, incremental
prognostic value to the IMPROVE RAM in VTE risk stratifica-
tion for medical patients. Strategies to improve VTE risk
stratification should consider incorporation of D-dimermea-
surement into standard RAMs. An IMPROVEDD VTE risk
score of two or greater identifies a subset of hospitalized,
medically ill patients receiving thromboprophylaxis at a
sustained, heightened risk for symptomatic VTE through
77 days. This population may potentially benefit from an
extended course of thromboprophylaxis. Independent vali-
dation and impact analysis should be undertaken before
employing the IMPROVEDD VTE risk score in clinical
practice.

Clinical Trial Registration
URL: http://www.clinicaltrials.gov. Unique identifier:
NCT01583218.

Table 7 Risk stratification by the IMPROVEDD VTE risk category

Risk category Event rate (95% CI) Odds ratio (95% CI) p-Value

At 42 d

At-risk (�2 points) 1.40% (1.08–1.72%) 2.97 (1.53–5.77) 0.0002

Low-risk (0–1 points) 0.48% (0.18–0.77%) Reference

At 77 d

At-risk (� 2 points) 1.64% (1.29–1.98%) 2.67 (1.49–4.80) 0.0002

Low-risk (0–1 points) 0.62% (0.28–0.95%) Reference
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Fig. 3 Kaplan–Meier curves for symptomatic VTE stratified by the IMPROVEDD risk category.
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