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Multiple risk-assessment models (RAMs) for venous thromboembolism (VTE) in hospitalized

medical patients have been developed. To inform the 2018 American Society of Hematology

(ASH) guidelines on VTE, we conducted an overview of systematic reviews to identify and

summarize evidence related to RAMs for VTE and bleeding in medical inpatients. We

searched Epistemonikos, the Cochrane Database, Medline, and Embase from 2005 through

June 2017 and then updated the search in January 2020 to identify systematic reviews that

included RAMs for VTE and bleeding in medical inpatients. We conducted study selection,

data abstraction and quality assessment (using the Risk of Bias in Systematic Reviews

[ROBIS] tool) independently and in duplicate. We described the characteristics of the

reviews and their included studies, and compared the identified RAMs using narrative

synthesis. Of 15 348 citations, we included 2 systematic reviews, of which 1 had low risk of

bias. The reviews included 19 unique studies reporting on 15 RAMs. Seven of the RAMswere

derived using individual patient data in which risk factors were included based on their

predictive ability in a regression analysis. The other 8 RAMs were empirically developed

using consensus approaches, risk factors identified from a literature review, and clinical

expertise. The RAMs that have been externally validated include the Caprini, Geneva,

IMPROVE, Kucher, and Padua RAMs. The Padua, Geneva, and Kucher RAMs have been

evaluated in impact studies that reported an increase in appropriate VTE prophylaxis rates.

Our findings informed the ASH guidelines. They also aim to guide health care practitioners

in their decision-making processes regarding appropriate individual prophylactic

management.

Introduction

The clinical and economic burden of venous thromboembolism (VTE), including deep vein thrombosis
(DVT) and pulmonary embolism (PE), is immense.1 VTE is a complex multifactorial disease, influenced
by acquired or inherited predispositions to thrombosis (eg, thrombophilia), environmental exposures (eg,
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clinical risk factors), and the interaction between them.2 The annual
incidence of VTE in the adult populations is ;1 in a 1000.3,4

Approximately 50% of all VTE events occur during or shortly after
hospitalization for surgery (24%) or acute medical illness (22%).4-6

Patients hospitalized for an acute medical illness have an eightfold
increased risk of VTE compared with the general population.7,8

Medical costs in the United States are estimated at approximately
$17 000 dollars more for patients who have a VTE event during or
after a recent hospitalization compared with their hospitalized
counterparts who do not experience a VTE event.1

The use of pharmacological thromboprophylaxis reduces the
incidence of VTE in a cost-effective manner in many patient
populations but increases the risk of bleeding.6,9 To inform optimal
management, risk-assessment models (RAMs) can be used to aid in
stratifying risk of developing a VTE or bleeding event for individual
patients. A RAM is defined as a formal combination of multiple
predictors from which risks of a specific end point can be calculated
for individual patients. A RAM may also be called a prognostic
model, risk (or clinical) prediction model, or predictive model.10

A RAM undergoes 3 main phases: model development (including
internal validation), external validation, and investigations of impact
on decision-making and patient outcomes.10

In 2018, the American Society of Hematology (ASH) together with
the Michael G. DeGroote and MacGRADE Centres at McMaster
University developed clinical practice guidelines for the pre-
vention of VTE in hospitalized medical patients.4 The methods
used to develop these guidelines were based on the Guidelines
International Network (GIN)-McMaster Guideline Development
Checklist,11 the GRADE approach,12 and the Cochrane Handbook
for systematic review methodology.13We conducted an overview of
systematic reviews to identify and describe RAMs and their clinical
utility for VTE and bleeding in hospitalized medical patients to inform
the ASH guidelines.4

Methods

We conducted an overview of reviews to identify systematic reviews
that report on RAM development, validation, or impact studies for
VTE and bleeding in hospitalized medical patients. We developed
a protocol that was reviewed and revised by the authors, but we did
not register it.

Data sources and searches

We initially searched Epistemonikos, Cochrane Database of System-
atic Reviews, Medline, and Embase from 2005 through June
2017 with the help of an information specialist and conducted an
update of the search in January 2020. Supplemental eTable 1
provides detailed descriptions of the search strategies. Our
search included both Medical Subject Headings (MesH) and
text-word terms that combined VTE-related terms with prognosis
terms. We added a systematic review filter when using Medline
and Embase. We used no language restrictions.

Study selection

Prior to starting the screening process, 4 teams of 2 reviewers
participated in training and calibration exercises. Teams of 2
reviewers screened, independently and in duplicate, the titles and
abstracts of all identified citations. They then retrieved full texts of all
citations judged as potentially eligible by at least 1 of the reviewers
on each team. The reviewers screened the full texts independently

and in duplicate and compared results. A third, senior reviewer
resolved disagreements when necessary. Reviewers used
standardized screening forms throughout the process. The
eligibility criteria for study selection included the following
characteristics.

Types of studies. We included studies that explicitly stated
the use of the “systematic review” methodology, with or without
conducting a meta-analysis, in the title or abstract. Also, the
study must have reported conducting a search for individual
studies in at least 1 database. We included systematic reviews
that reported on development, validation, or impact studies of
multivariable prediction/RAMs, tools, or scores, proposed for
individual risk estimation of any future VTE or bleeding outcome
in hospitalized medical patients.

Population. We included systematic reviews that addressed
adult patients hospitalized for an acute, critical, or chronic
medical illness. An acute medical illness is defined as an illness
that requires urgent, nonoperative care such as heart failure,
respiratory insufficiency, stroke, and infectious or inflammatory
diseases.4 A critical illness is one that presents as an immediately
life-threatening condition that requires care in an intensive or
critical care unit.4 A chronic medical illness is defined as an
acute exacerbation of a chronic medical condition that requires
hospitalization.4

Intervention. We investigated all RAMs that assessed risk of
VTE or bleeding in adults hospitalized for medical illness and were
reported in the eligible systematic reviews.

Comparison. Standard care without the use of RAMs or a
different RAM than the one used in the intervention.

Outcomes. We evaluated the outcomes of VTE and bleeding.We
defined VTE as any symptomatic or asymptomatic DVT or PE from
hospital admission up to 90 days postdischarge. We considered
bleeding as any major or nonmajor but clinically significant bleeding
up to 90 days postdischarge.14

Setting. We included systematic reviews that reported on
studies in which the patients were admitted to an inpatient ward
or intensive care unit for medical illness.

Data extraction

We conducted calibration exercises and piloting of the data-
extraction form prior to the start of the process. Using a standardized
form, a team of 2 reviewers (A.J.D. and R.C.) extracted data
independently and in duplicate from all eligible studies and com-
pared results. They consulted a third reviewer (H.J.S.) in case of any
disagreement.

For the identified RAM systematic reviews, the reviewers abstracted
data on the following characteristics.

Characteristics of the systematic review.

c Main elements of the search strategy (including databases
searched, date of search).

c Approach used to synthesize findings (narrative synthesis, meta-
analysis).

c Risk-of-bias tool used to assess individual studies and results.

c Authors’ assessment and conclusions.
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Findings pertaining to the studies included in the systematic
review.

c Type of prognostic model studies included (ie, development,
validation, or impact).

c Population.

c Outcomes.

c Setting.

c Time frame of prognostic measurement.

c Results (predictive performance).

Risk-of-bias assessment of systematic reviews

We assessed the risk of bias in systematic reviews using the Risk of
Bias in Systematic Reviews [ROBIS] tool. The tool includes 3
phases: assessing relevance (optional), identifying concerns with
the review process and judging risk of bias.15 We focused on
phases 2 and 3. Phase 2 considers the following 4 domains: study
eligibility criteria, identification and selection of studies, data
collection and study appraisal, and synthesis and findings. The
signaling questions in each of the domains are judged as yes,
probably yes, probably no, no, or no information. In phase 3, we
rated the overall risk of bias as low, high, or unclear depending on
the rating of the individual domains. For the individual studies
included in the systematic reviews, we reported on the risk-of-bias
tool used and the judgments made by the authors when available.

Synthesis and presentation of findings

We used a narrative synthesis of included systematic reviews
to summarize our findings. We presented the findings of any
qualitative or quantitative syntheses conducted by the authors of
the reviews. We focused on identifying and describing the RAMs,
their performance, and gaps in their development, validation, or
assessment of impact. If a meta-analysis was presented in 1 of the
included systematic reviews, we presented the results and the
relevant methodological aspects (eg, types of data, effects
measured, heterogeneity, sensitivity analysis). If different information
regarding the same RAMwas provided in the reviews, we narratively
described all findings to provide a comprehensive description of
that model. We did not perform a quantitative synthesis of the
RAMs, as the main aim of an overview of reviews is to provide
a summary of existing research synthesis and not resynthesizing
evidence.16

Results

Figure 1 illustrates the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) flow diagram.17 In our
original search, we identified 6095 citations, of which we included
144 studies for full text assessment. From those, we included 2
systematic reviews. Both reviews evaluated RAMs for VTE in
hospitalized medical patients.18,19 We did not identify any
systematic review that evaluated RAMs for bleeding. When we
conducted an update of our search in January 2020, we identified

Records identified through database
searching

From original search: n=6095
(Medline: 1974; Embase: 4121)
From updated search: n=4122
(Medline: 1578; Embase: 2544)
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Records screened

From original search: n=5241
From updated search: n=3583

Records excluded

From original search: n=5097
From updated search: n= 3576

Full-text articles assessed for
eligibility

From original search: n=144
From updated search: n=7

Full-text articles excluded

From original search: n=142
From updated search: n=7

Reasons for exclusion: Not
population of interest as the
search was broad to address the
10 ASH guideline chapters or not
relevant to review question.

Included studies

From original search: n=2
From updated search: n=0
Total (n=2)

Figure 1. PRISMA flowchart.
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an additional 4122 citations, none of which fulfilled our inclusion
criteria after full evaluation.

Description of the included systematic reviews

The included systematic reviews aimed to identify RAMs developed
to calculate the risk of VTE in hospitalized nonsurgical patients
and to evaluate their generalizability, validity, and utility.18,19 Stuck
et al focused only on acutely ill medical patients and searched
for English, German, French, or Italian studies in only 1 database
(Medline), from inception until 30 May 2016.19 They then performed
an additional search to identify impact analysis studies that may
have been missed.19 The authors did not conduct a quality appraisal
of the included studies.19 Huang et al included a comprehensive
search for English articles across 4 databases from inception
until December 2011.18 The authors of that review appraised
the evidence by using a modified Downs and Black checklist for
the RAMs developed using individual patient data, and the
modified Appraisal of Guidelines for Research and Evaluation
(AGREE) instrument for the RAMs generated based on consensus
approaches, published data, and clinical expertise.18 The reviews
included 19 unique primary studies that reported on 15 RAMs. Of

those, 3 studies and 4 RAMs were common in both systematic
reviews.20-38 Stuck et al identified 4 additional impact studies from
their supplementary search.19 Neither systematic review conducted
a meta-analysis of the results.18,19 Huang et al highlighted that
pooling was not possible due to variability in the methods to
develop the RAMs, in the outcome measurements, and in the
number, type, and strength of associations of the included VTE
risk factors.18 Authors of both reviews concluded that there is
a lack of generalizability and adequate validation of the published
RAMs, which hinders their use in clinical practice.18,19 However,
Stuck et al encouraged the implementation of any of the available
RAMs to improve the consistency of use of thromboprophylaxis
until further evidence is available.19 Characteristics of the systematic
reviews are detailed in Table 1.

Risk-of-bias assessment of systematic reviews and

included studies

We rated the overall risk of bias for the systematic review by Huang
et al as low,18 and the review by Stuck et al as high.19 We judged
both reviews as low risk in terms of study eligibility criteria (domain
1). However, we originally rated both systematic reviews at high risk

Table 1. Systematic review characteristics

Population Outcome Study types

Quality assessment and

grading Statistical analysis RAMs identified

Huang et al (2013)
18

Hospitalized nonsurgical
patients (studies that
focused primarily on
children, pregnant
women, psychiatric
patients, surgical
patients, or outpatients
were excluded)

VTE (DVT/PE); studies
that only included
patients with upper-
extremity DVT were
excluded

Prognostic model studies
where the model was
developed either by
analyzing individual
patient data or by expert
consensus

• Studies that developed
RAMs based on individual
patient data: modified
Downs and Black checklist

• Studies that developed
RAMs based on expert
consensus: modified
AGREE instrument

• The quality score was
expressed as a percentage
of the total assigned score
divided by the total maximum
score of applicable items

• Narrative synthesis
• No meta-analysis was done
due to heterogeneous studies

• Reported ORs or HRs of risk
factors included in category I
RAMs

• C-statistics reported (model
discrimination on derivation
and/or validation data sets)

RAMs based on individual
patient data:
• Woller 2011
(Intermountain/4 element)

• Spyropoulos 2011
(IMPROVE)

• Rothberg 2011
(Multivariable model)

• Alikhan 2004 (MEDENOX)
• Weil-Engerer 2004
• Yale 2005

RAMs based on expert
consensus:
• Rocha 2007
• McCaffrey 2007
• Samama 2006
• Cohen 2005
• Caprini 2001 (Caprini)

Stuck et al (2017)
19

Acutely ill medical
patients (studies in non-
medical, pediatric,
pregnant, or psychiatric
patients were
excluded)

VTE (DVT/PE) Prognostic model studies
developed based on
individual patient data or
consensus

Not conducted • Narrative synthesis
• No meta-analysis was done

RAMs developed by derivation
by identifying factors with
predictive power:
• 4-Element RAM
• IMPROVE-RAM (multicenter
external validation)

• Multivariable model
• Full logistic model

RAMs generated empirically
based on consensus
approaches, published data,
and clinical expertise:
• Kucher RAM (multicenter
external validation)

• Geneva RAM (multicenter
external validation)

• Padua RAM (multicenter
external validation)

• Caprini RAM

AGREE, Appraisal of Guidelines for Research and Evaluation; HR, hazard ratio; OR, odds ratio.
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Table 2. Characteristics of the RAMs

Name of RAM

No. of risk

factors Risk factors

Weighing points of risk

factors Defined cutoffs for risk groups

RAMs developed based on individual

patient data

MEDENOX RAM22 5 • Age, prior VTE, active cancer, acute infectious
disease, chronic respiratory disease (primary
diagnosis of COPD)

Not described Not described

Weill Engerer RAM32 7 • Age, prior VTE, chronic edema of lower limbs,
chronic heart failure, current lower-limb
paralysis, bed rest/immobilized, congestive
heart failure

Not described Not described

Yale RAM34 8 • Age, oral contraceptive/HRT, varicose veins,
type II diabetes mellitus, nursing home,
chemotherapy, corticosteroids, angina

Not described Not described

IMPROVE RAM31 7 • Previous VTE
• Known thrombophilia, current lower-limb
paralysis, current cancer

• Immobilized $7 d, ICU/CCU stay, age .60 y

• 3
• 2 points each
• 1 point each

• According to Rosenberg et al28: 0-2, low
risk; $3, high risk

• According to Mahan et al20: 0-1, low risk;
2-3, intermediate risk; $4, high risk

Multivariable RAM29 13 • Age, length of stay, sex, primary diagnosis,
cancer, inflammatory bowel disease, obesity,
central venous catheter, inherited
thrombophilia, steroid use, mechanical
ventilation, active chemotherapy, and urinary
catheters

None No cutoff available

4-Element RAM33 4 • Previous VTE, an order for bed rest,
peripherally inserted central venous
catheterization line, cancer diagnosis

1 point each • 0 low risk
• $1 high risk

Full logistic RAM33 86 Risk factors were not provided by systematic
review; see reference for all risk factors

None No cutoff available

RAMs developed based on consensus

approaches, data from the literature,

and clinical expertise

Caprini RAM24 39 • Stroke; multiple trauma; elective major lower
extremity arthroplasty; hip, pelvis or leg
fracture; acute spinal cord injury (paralysis)

• Age ($75 y); history of VTE; positive factor V
Leiden; positive prothrombin G20210A;
elevated serum homocysteine; positive lupus
anticoagulant; other congenital or acquired
thrombophilia; HIT; family history of VTE;
elevated anticardiolipin antibodies

• Age (61-74 y); central venous access;
arthroscopic surgery; major surgery;
malignancy; laparoscopic procedure $45
min; patient confined to bed; immobilizing
plaster cast

• Age (41-60 y); acute myocardial infarction;
heart failure; varicose veins; obesity (BMI $
25); inflammatory bowel disease; sepsis;
COPD or abnormal pulmonary function;
severe lung disease; oral contraceptives or
HRT; pregnancy or postpartum; history of
unexpected stillborn infant, recurrent
spontaneous abortion ($3), premature birth
with toxemia or growth-restricted infant;
medical patient currently at bed rest; minor
surgery planned; history of prior major
surgery; swollen legs

• 5 points each
• 3 points each
• 2 points each
• 1 point each

• According to Zhou et al36 and Zhou et al35:
0-1, low risk; 2, intermediate risk; 3-4, high
risk; .5, highest risk

• According to Abdel-Razeq et al21: $2, low
risk; 3-4, moderate risk high; $5, high risk

Cohen RAM25 Not described Not described Not described Not described

Samama RAM30 Not described Not described Not described Not described

Rocha RAM37 Not described Not described Not described Not described

McCaffrey RAM26 Not described Not described Not described Not described

Kucher RAM39 8 • Cancer, prior VTE, hypercoagulability
• Major surgery
• Bed rest, age .70 y, obesity (BMI . 30),
HRT/oral contraceptive pill

• 3 points each
• 2 points
• 1 point each

• According to Kucher et al39: 1-3, low risk;
$4 points, high risk

• According to Woller et al33: 1-2, low risk;
$3, high risk

BMI, body mass index; CCU, critical care unit; COPD, chronic obstructive pulmonary disease; HIT, heparin-induced thrombocytopenia; HRT, hormone replacement therapy; ICU, intensive
care unit.
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for their identification and selection of studies for inclusion
(domain 2), but each review came with different concerns. Stuck
et al searched only 1 database,19 and did not conduct a sufficiently
sensitive search to identify all potentially eligible studies.19 On
the other hand, Huang et al made no mention of conducting
an independent and duplicate screening process,18 or using
standardized screening forms throughout the screening and
abstraction processes.18 Also, both reviews placed restrictions
on language that may have led to missing studies.18,19 Despite
originally rating Huang et al as high risk of bias for the domain
identification and selection of studies for inclusion, we consid-
ered it low risk of bias in our overall judgement.18 We made this
decision because our results revealed that all relevant studies
were captured within the search date, from inception through May
2011, despite the methodological limitations noted herein.18

Regarding data collection and study appraisal (domain 3), we
rated the review by Huang et al as low risk of bias for appraising the
included studies and the review by Stuck et al as high risk of bias for not
conducting a critical appraisal.18,19 Neither of the reviews conducted
a meta-analysis, which made it challenging to assess their methods of
synthesis and presentation of findings domain (domain 4) using ROBIS.
However, our rationale for rating Huang et al as low risk was due to the
authors stating that the results were too heterogeneous and could not
be pooled.18 We rated the review by Stuck et al as high risk because
the authors did not provide a reasoning for not pooling the results.19

Supplemental eTable 2 provides the risk-of-bias assessment of the
systematic reviews by phase and domain.

Huang et al described that the quality assessment, using the
modified Downs and Black checklist, ranged between 55% and
88% for the RAMs derived using individual patient data.18 The
quality appraisal score ranged between 48% and 77% for the
RAMs developed by consensus based on the modified AGREE
instrument.18 Tables 2 and 3 report the quality-assessment score
for each of the RAMs.

RAMs for VTE in hospitalized medical patients

Development of RAMs. Table 2 provides a detailed description
of the included RAMs. From the 15 included RAMs, 7 were derived
by identifying risk factors with predictive power using individual
patient data mainly from medical records. These include the RAMs
by Alikhan et al, Weill-Engerer et al, Yale et al, Spyropoulos et al
(IMPROVE RAM), Rothberg et al (Multivariable RAM), and Woller
et al (4-Element and the full logistic RAMs).22,29,31-34 The individual
studies included cohort studies (n 5 3),29,31,33 case-control
studies (n 5 2),32,34 and a study based on a randomized
controlled trial (RCT).22 The studies were all multicenter with 2
being multinational,22,31 and sample sizes ranged between
38034 to ;243000 patients.29 The eligibility criteria of individual
studies differed mainly in the age cutoffs, ranging from.18 years to
.65 years, the inclusion of history of surgery or trauma, length of
hospital stay, known thrombophilia, and the exclusion of patients on
pharmacologic thromboprophylaxis or anticoagulation. The pro-
portion of cancer patients included in the derivation cohorts also
varied widely ranging between 9%32 and 44%.33 Two studies
reported on DVT alone (n5 2),32,34 whereas the rest of the studies
used VTE (DVT, PE, and both) as their primary end point. All but 1
study considered symptomatic events only22; however, the definitions
and the methods of diagnosis of the outcomes varied. Two studies
used International Clinical Diagnosis Code version 9 (ICD-9) to
define VTE.29,33 One of these 2 studies included codes for
upper-extremity, superficial, and chronic DVT that were excluded
from other studies, and did not use diagnostic test results and
evidence of VTE treatment to validate the outcome.33 The other
study validated the outcomes identified using ICD-9.29 Only 4
studies described their methods for diagnosis of DVT (ultraso-
nography or venography) or PE (lung scan, pulmonary angiog-
raphy, or spiral computed tomography scanning).22,29,31,32 The
follow-up time ranged from the index hospitalization up to 90 days
postdischarge. The methods for selection of candidate risk factors
also varied among the RAMs, with only 1 study using Kaplan-Meier

Table 2. (continued)

Name of RAM

No. of risk

factors Risk factors

Weighing points of risk

factors Defined cutoffs for risk groups

Padua RAM23 11 • Active cancer, previous VTE (with exclusion of
superficial vein thrombosis), reduced
mobility, known thrombophilia

• Recent ($1 mo) trauma and/or surgery
• Elderly age ($70 y), heart and/or respiratory
failure, acute myocardial infarction or
ischemic stroke, acute infection and/or
rheumatologic disorder, obesity (BMI $ 30),
ongoing hormonal treatment

• 3 points each
• 2 points
• 1 point each

• ,4, low risk
• $4, high risk

Geneva RAM27 19 • Cardiac failure, respiratory failure, recent
stroke (,3 mo), recent myocardial infarction
(,4 wk), acute infectious disease (including
sepsis), acute rheumatic disease, active
cancer, myeloproliferative syndrome,
nephrotic syndrome, prior VTE, known
hypercoagulable state

• Immobilization (complete bed rest or inability
to walk for.30 min/d) for.3 d, recent travel
.6 h, age. 60 y, BMI. 30, chronic venous
insufficiency, pregnancy, hormonal therapy,
dehydration (assessed subjectively by the
treating physician)

• 2 points each
• 1 point each

• 1-2, low risk
• $3, high risk

BMI, body mass index; CCU, critical care unit; COPD, chronic obstructive pulmonary disease; HIT, heparin-induced thrombocytopenia; HRT, hormone replacement therapy; ICU, intensive
care unit.
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and Cox multiple regression analyses to adjust for timing of events31

and another considering hospital clustering as a factor.29 The
number of risk factors ranged between 4 and 14 in all the RAMs
except the full logistic model, which included 86 risk factors.33

The measure of discrimination of the RAMs was reported in
terms of the area under the curve (AUC) and ranged between
0.65 and 0.89.18,19 VTE prophylaxis administered in the hospital
was considered as a potential confounder in only 2 of the included
studies.29,31 Both studies reported no statistically significant impact
of VTE prophylaxis on the outcome, and only 1 study included it as
a prognostic factor in the RAM.29 Table 3 details the individual study
characteristics related to these RAMs.

The other 8 RAMs included in the systematic review were
empirically developed based on consensus approaches, risk factors
identified from a literature review, and input from clinical experts
(ranging between 3 and 24 members). These include the RAMs
described by Caprini et al (Caprini RAM), Cohen et al, Samama
et al, Rocha et al, McCaffrey et al, Kucher et al, Barbar et al (Padua
RAM), and Nendaz et al (Geneva RAM).23-27,30,37,39 Only 1 of the 8
RAMs conducted a comprehensive systematic review of the
literature to identify all potential risk factors prior to developing the
model.37 One study focused on symptomatic DVT as the primary
end point.26 Another study considered VTE as an outcome, but it
was unclear whether it was symptomatic VTE only or symptom-
atic and asymptomatic VTE.23 The rest of the studies only
considered symptomatic VTE as their primary end point. The
number of risk factors included ranged between 8 and 39 for all
except 4 RAMs whose risk factors were not described in the
systematic reviews.25,26,30,37 Table 4 describes the individual
study characteristics related to these RAMs.

Validation of RAMs. The systematic reviews identified 5 RAMs
that underwent internal validation without external validation. The
RAMs by Woller et al (4-Element RAM and full logistic RAM) and the
RAM by Rothberg et al (multivariable RAM)were developed based on
individual patient data where risk factors were included based on their
predictive ability identified in a regression analysis and compared in 1
retrospective study to one another.29,33 Comparing the 2 RAMs by
Woller et al showed that the full logistic RAM reported a slightly
higher AUC (0.86) compared with the 4-Element RAM (0.84).33 The
study that assessed the RAM described by Rothberg et al (Multivari-
able RAM) in a validation cohort reported an AUC of 0.75.33 The
other 2 RAMs developed empirically by Samama et al and McCaffrey
et al were internally validated using clinical cases.18,26,30 Samama
et al reported a 70% agreement between the levels of risk and
judgments by clinicians in a validation effort.30 McCaffrey et al found
that the mean total risk score in the VTE group was significantly
higher than in the non-VTE group.26

Only Stuck et al reported on external validation efforts of the RAMs.19

The authors of the systematic review reported the results of the
validation studies conducted for the RAMs by Caprini et al (Caprini
RAM), Nendaz et al (Geneva RAM), Spyropoulos et al (IMPROVE
RAM), Kucher et al, and Barbar et al (Padua RAM), all of which were
multicenter except for the Caprini RAM.20,21,27,28,31,33,35,36 The
Caprini RAM was validated in 3 studies. The first study describes
the validation of the Caprini RAM in a population including cancer
patients and reported that the incidence rate of VTE in low-risk
patients was 0% compared with 4.2% in high-risk patients.21 The
second study compared the Caprini RAM to the RAMs by Kucher et alT
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and Barbar et al (Padua RAM) and found that the Caprini RAM
assigned more VTE patients into high- or highest-risk groups
compared with the other 2 RAMs.36 The third study compared the
cumulative risk of inpatients with VTE vs those without VTE using the
Caprini and Padua RAMs. The authors reported that the high- to
highest-risk group compared with the low- to moderate-risk group had
similar odds ratios (ORs) using both RAMs with an OR of 3.01 for the
Caprini RAM and 2.9 for the Padua RAM. However, 82.3% of VTE
patients were found to be in the high- to highest-risk group according
to the Caprini RAM whereas 30.1% of VTE patients were found to be
in the high-risk group using the Padua RAM. A prospective multicenter
study compared the RAM described by Nendaz et al (Geneva RAM)
to the RAM by Barbar et al (Padua RAM) in;1500 patients with VTE
and reported a favorable prediction of VTE and VTE-related mortality
using the Geneva RAM.27 The study also found that the Geneva RAM
more accurately identified low-risk patients who do not require
thromboprophylaxis with a negative likelihood ratio of 0.28 compared
with 0.51 for the RAM by Barbar et al (Padua RAM). The internal
validation of the RAM by Spyropoulos et al (IMPROVE VTE RAM)
reported that during hospitalization, the observed VTE rate for an
IMPROVE-RAM score of 2 or 3 points (1.5%) and 4 points (5.7%)
correlated with predicted VTE risk with an AUC of 0.69.31 The
IMPROVE RAM was then externally validated in 2 studies. The first
study reported an AUC of 0.77 based on high-, moderate-, and low-
risk groups.20 The second study found good discrimination of low-risk
and at-risk medical patients with an AUC of 0.70 despite using
different cutoffs for risk classification, with more than two-thirds in the
low-risk group not requiring prophylaxis.28 The RAM by Kucher et al
was compared with the RAMs by Woller et al (4-Element and full
logistic RAMs) in 1 study and was found to have the lowest AUC
(0.76) among the 3 RAMs. In the internal validation cohort, the RAM
by Barbar et al (Padua RAM) identified a 32-fold increased risk of VTE

in the group of patients not on prophylaxis with a high score compared
with a low score. It was then externally validated in 4 studies, 3 of
which were described previously, including the study that compared
the RAM by Barbar et al (Padua RAM) to the RAMs by Caprini
et al (Caprini RAM) and Kucher et al, the study that compared
Padua to the Caprini RAM alone, and the third that compared
Padua to the Geneva RAM. A fourth study assessed the Padua
RAM alone and found a correlation between the risk groups and
in-hospital mortality but not with the incidence of VTE.38 The
authors suggested that the Padua RAM is better used as a general
comorbidity and disease severity index score than a VTE RAM.38

Table 5 describes the findings from comparative studies of risk
assessment models identified in the systematic reviews.

Impact analysis of RAMs. Stuck et al identified impact
studies.19 The authors found that 3 RAMs described in the
systematic reviews by Barbar et al (Padua RAM), Nendaz et al
(Geneva RAM), and Kucher et al have been assessed in terms of
thromboprophylaxis rates or clinical outcomes. The impact of
the RAM by Barbar et al (Padua RAM) was assessed in a single-
center study and was found to improve rates of adequate
prophylaxis.23 The RAM described in the systematic reviews by
Nendaz et al (Geneva RAM) was included in an e-Alert system,
as part of a multicenter trial, and showed that its use increased
appropriate prophylaxis rates.27 Two single-center studies
tested the impact of the RAM described by Kucher et al. One
was a randomized trial that included the RAM in a computer-
alert program and showed an increase in the use of prophylaxis
and a reduction in VTE rates among at-risk patients.39 The second
study confirmed that implementing a computer alert program using
the RAM may increase prophylaxis rates.40 No impact studies were
conducted to assess the economic impact of the RAMs.

Table 5. Findings from comparative studies of RAMs identified in the systematic reviews

Comparative studies

(no. of centers)

RAM AUC

Proportion of low-risk

patients of VTE, %

VTE incidence

No. of patients in study

Overall, at 3

mo, %

In low-risk

patients, %

In high-risk

patients, %

Woller et al, 2011 (22 centers)
32

• DC, 143975
• VC, 46 846

Full logistic
RAM

DC, 0.893
VC, 0.861

Not assessed DC, 3.7
VC, 4.5

Not assessed Not assessed

• DC, 143975
• VC, 46 846

4 Element
RAM

DC, 0.874
VC, 0.843

Not assessed DC, 3.7
VC, 4.5

Not assessed Not assessed

• DC, 143975
• VC, 46 846

Kucher RAM DC, 0.781
VC, 0.756

Not assessed DC, 3.7
VC, 4.5

Not assessed Not assessed

Zhou et al, 2012
35

Not described Caprini RAM
Kucher RAM
Padua RAM

Not described Caprini was found to classify more VTE patients into high or highest risk groups compared
with the Kucher and Padua RAMs

Zhou et al, 201434

Not described Caprini RAM
Padua RAM

Not described 17.7
60.9

Not described Not described Not described

Nendaz et al, 2014 (8 centers)26

VC, 1478 Geneva
RAM

Negative likelihood ratio to identify low risk
patients who do not require
thromboprophylaxis, 0.28

35 2.3 0.6 3.25

VC, 1478 Padua RAM Negative likelihood ratio to identify low risk
patients who do not require
thromboprophylaxis, 0.51

52 2.3 1.1 3.5
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Discussion

Summary of findings

We conducted an overview of systematic reviews to identify RAMs
for VTE and bleeding in hospitalized medical patients. We
identified 15 unique RAMs for VTE, 7 of which were derived from
individual participant data and 8 that were developed empirically
using consensus approaches, risk factors identified from a literature
review, and clinical expertise. The RAMs described in the systematic
reviews by Caprini et al (Caprini RAM), Nendaz et al (Geneva RAM),
Spyropoulos et al (IMPROVE RAM), Kucher et al, and Barbar et al
(Padua RAM) have been externally validated. The RAMs described by
Barbar et al (Padua RAM), Nendaz et al (Geneva RAM), and Kucher
et al have been evaluated in terms of thromboprophylaxis rates or
clinical outcomes and have been reported to increase appropriate
prophylaxis rates. However, their economic impact has not been
assessed.

Findings in relation to the literature

Following the publication of the most recent systematic review by
Stuck et al in 2017,19 additional validation and impact studies were
conducted. One study used the Kucher RAM along with electronic
alerts and performance audits and reported increased rates of
thromboprophylaxis in high-risk patients and decreased 90-day VTE
rates without an observed increase in adverse events.44,45 Also,
although our overview of systematic reviews did not identify any
impact assessment of the Caprini RAM, we did identify a single-
center study that used the Caprini RAM as part of a multifaceted
quality-improvement initiative.46 The study reported increased VTE
prophylaxis rates and a reduction in hospital-acquired VTE rates with
the use of the Caprini RAM.46 Another prospective comparative
study that was not included in the systematic reviews was conducted
to assess the performance of the Geneva, Padua, and IMPROVE
RAMs on thromboprophylaxis rates in acutely ill hospitalized medical
patients.47 The study reported comparable discrimination abilities
with a 90-day AUC of 0.71 for the Geneva RAM and an AUC of 0.70
for both the Padua and IMPROVE RAMs in patients not on
thromboprophylaxis.47 The authors of the study highlighted that the
IMPROVE RAM classified more patients as low risk (two-thirds of
patients) compared with the Geneva RAM (one-third of patients),
but with possibly lower sensitivity and greater VTE risks.47 Also,
a secondary analysis of a cohort of acutely ill hospitalized medical
patients participating in a cluster RCT (The Prevention of Venous
Thromboembolism Disease in Emergency Departments [PRE-
VENU] study) was not included in the systematic reviews.48 This
study aimed to assess the Caprini, IMPROVE, and Padua RAMs
and compared their performance to advanced age as a stand-alone
predictor.48 The study reported poor discriminative ability of the
RAMs to identify non–critically ill inpatients at risk of VTE and found
that the RAMs did not perform better in comparison with risk
assessment using advanced age as a sole predictor.48 Our search
did not capture a systematic review reporting on bleeding RAMs
in hospitalized medical patients. However, a primary study by
Decousus et al in 2011 reported on the development of the
IMPROVE bleeding RAM for in-hospital bleeding risk in acutely ill
medical patients.14 Two studies externally validated the IM-
PROVE bleeding RAM and found similar results to the derivation
effort in which hospitalized medical patients with a score .7
were shown to have over a twofold increased risk of any bleed or

major bleed compared with those with lower bleeding-risk
scores.49,50

Strengths

Our study has several strengths, including the systematic and
rigorous methods, a robust search strategy, the use of broad
inclusion criteria, and our duplicate and independent screening
and data-abstraction process. Another strength of our study is
the applicability of our findings. The RAMs identified and the
description of their clinical utility informed guideline developers.
The RAMs can also aid health care practitioners and health care
systems in selecting RAMs to optimize shared decision-making
and provide appropriate prophylactic management.

Limitations and challenges

The limitations of this study result from the included studies
themselves. Huang et al applied language restrictions during the
initial search18 and Stuck et al applied language restrictions during
the full text evaluation.19 Stuck et al also conducted searches in only
1 database.19 These limitations may have led to missing relevant
studies. Some of the studies that were missed in the overview of
reviews include a study by Zakai et al in 2014 in which the authors
empirically derived the Medical Inpatients and Thrombosis (MITH)
RAM to assess risk of VTE in medical patients on admission.51

Another study that the overview of reviews did not capture was the
IMPROVEDD RAM, in which the variable D-dimer was added to the
IMPROVE RAM and showed an enhanced VTE risk discrimination in
hospitalized medical patients compared with the IMPROVE RAM.52

Also, we did not identify the external validation study by Greene et al
in 2016. This study aimed to validate the Kucher, Padua, IMPROVE,
and Intermountain RAMs.53 The authors reported that all RAMs
showed good calibration but uniformly poor discrimination.53

Implications for practice

The RAMs identified in our study can be used to estimate
baseline risks of future health outcomes in people with a given
disease or health condition54 and to aid health care practi-
tioners in identifying an individual patient’s risk of VTE based on
their individual characteristics. Also, many of these RAMs can
be readily embedded in clinical decision aids to individualize the
population-based recommendations. However, numerous short-
comings have limited the interpretation and clinical utility of the
developed RAMs. First, the inability to more accurately identify
medically ill patients at low or high risk of VTE may lead to
overuse or underuse of prophylaxis and increased adverse
events such as bleeding or thrombosis.7 Second, the complexity
of some of the current RAMs (due to the large number of risk
factors, such as 39 variables in Caprini and 86 in the full logistic
RAM) limit their use to computer-based calculations.24,33 Third,
the variability in the derivation and validation methods of the
RAMs limit their comparability. Fourth, in the 2 systematic
reviews, some RAMs were not found to be externally validated,
limiting their use in clinical practice.29,31 Also, other RAMs have
been validated in very specific medical subpopulations such as
those with sepsis or cancer as noted in the Padua and Caprini
RAMs, thus limiting the generalizability of their results to the
general medical population.21,38 Fifth, there is a limited number
of prospective comparative studies that assess the impact of
applying different RAMs in clinical practice on outcomes.
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Implications for future research

In this study, we provide the original and the update of the overview
of systematic reviews evaluating VTE and bleeding RAMs used in
hospitalized medical patients that informed the ASH guidelines.
Findings from the original search directed us to conduct several
follow-up studies. First, our work led us to conduct a systematic
review of prognostic studies to identify all potential risk factors for
VTE and bleeding in hospitalized medical patients.55 Second, we
assessed the certainty of the evidence of the identified risk factors
using the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) approach.55 Third, we aimed to develop
RAMs for VTE and bleeding that are accurate and usable in clinical
practice.56 This was done by using the results of the systematic
review and the clinical and methodological input of an expert
panel.55,56 The expert panel made judgments on whether to include,
potentially include, or exclude the identified risk factors from the final
RAMs by considering GRADE evidence-to-decision framework
criteria using the Delphi method.56 Fourth, we standardized the
definitions of the identified included and potentially included risk
factors based on our systematic review to decrease variability in
methods of measurement across settings and to provide more
clarity to health care professionals when evaluating patients’ risks of
VTE and bleeding.56

Conclusion

We conducted an overview of systematic reviews of VTE RAMs in
hospitalized medical patients to inform the 2018 ASH guidelines on
VTE prophylaxis.4 Our findings can assist experts in selecting
a RAM to integrate in their health care systems, although further
effort should be made to enhance these existing RAMs. This will
allow for standardized approaches to estimating patients’ risks of
VTE and individualization of population-based guideline recommen-
dations for appropriate prevention strategies.
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