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Abstract

Identification of individuals with ischemic stroke at particularly high risk of venous
thromboembolism (VTE) is crucial for targeted thromboprophylaxis. To guide clinical
decision-making and development of risk prediction models, increased knowledge on
risk factors and biomarkers is needed. Therefore, we set out to identify risk factors
and predictors for VTE in people with ischemic stroke by conducting a systematic
review of the literature. Medline and Embase were searched from January 1990 and
onwards. Studies investigating demographic, clinical, and/or laboratory factors for
stroke-related VTE were considered. Two reviewers screened all retrieved records,
independently and in duplicate. Risk of bias assessments were guided by a structured
framework (PROSPERO-ID: CRD42020176361). Of 4674 identified records, 26 stud-
ies were included. Twenty-six demographic, clinical, and laboratory factors associated
with increased risk of stroke-related VTE after multivariable adjustments were identi-
fied. The following factors were reported by >2 studies: prior VTE, cancer, prestroke
disability, leg weakness, increasing lesion volume of the brain infarct, infection, low
Barthel Index, increasing length of hospital stay, biochemical indices of dehydration,
as well as elevated levels of D-dimer, C-reactive protein, and homocysteine. The ma-
jority of the studies were of poor quality with moderate or high risk of bias. In conclu-
sion, this systematic review informs on several potential risk factors and predictors for
VTE in people with ischemic stroke. To improve risk stratification and guide develop-
ment of risk prediction models, further confirmation is needed because there were

few high-quality studies on each factor.
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1 | BACKGROUND

Ischemic stroke is among the leading causes of death and disability
worldwide.! Stroke recovery can be complicated by the development
of venous thromboembolism (VTE), including deep vein thrombosis
(DVT) and pulmonary embolism (PE).2™> The risk of VTE is highest in
the acute phase and the initial 3 months following an acute stroke
event and declines rapidly thereafter.®> Although symptomatic
PE may occur in only 1% of stroke survivors during the first 2 to
4weeks after the event,>*®’ PE is an important cause of avoidable
death, accounting for up to 30% of deaths after acute stroke.*8?
Moreover, development of stroke-related VTE has been associated
with greater disability at 6 months after stroke,'° and lower survival
at 30days and even at 1 year after the stroke event.”

Decisions on initiation and duration of pharmacological throm-
boprophylaxis in patients with ischemic stroke is a long-standing
clinical dilemma, as the benefits of reducing the VTE risk may be
offset by bleeding complications.***? Several guidelines recommend
prophylactic anticoagulation with low molecular weight heparin or
unfractionated heparin only in selected individuals where the risk
of VTE is particularly high and the risk of bleeding complications is
low.}371> Currently, no reliable clinical algorithm to identify ischemic
stroke patients at high VTE risk exists.

Data on prediction of stroke-related VTE are scarce, and predic-
tion models based on clinical factors alone discriminate poorly be-
tween individuals at high and low risk of VTE.*® Summarizing current
literature on clinical risk factors and biomarkers for stroke-related
VTE may identify knowledge gaps and guide future research and de-
velopment of successful risk prediction models. Therefore, we per-
formed a systematic review of the available literature on risk factors

and predictors for VTE in people with ischemic stroke.

2 | METHODS

This systematic review was conducted and reported in accordance
with PRISMA 2020 (Preferred Reporting Items for Systematic Review
and Meta-analyses)’” and COSMOS-E (Conducting Systematic
Reviews and Meta-analyses of Observational Studies of Etiology)18
recommendations. The prespecified study protocol was published in
the PROSPERO database in July 2020 (ID: CRD42020176361, avail-

able at https://www.crd.york.ac.uk/prospero).

2.1 | Datasources and search strategy

A systematic literature search of Medline and Embase was con-
ducted in February 2020. The search strategy applied in each da-
tabase was composed of a combination of subject heading terms
and free text words related to ischemic stroke and VTE. We did not
limit the literature search to specific exposures, thus enabling the
search strategy to capture all potential demographic, clinical, and
laboratory factors associated with increased risk of stroke-related

VTE. We did not prespecify any restrictions regarding minimum or
maximum length of follow-up after the ischemic stroke event. The
search was limited to records published from the first of January
1990 and onwards because of the extensive introduction of throm-
boprophylaxis with LMHW in the clinics during the 1990s.* In ad-
dition, the search was restricted to studies on humans, published in
the English language. In Embase, an additional limitation on publi-
cation type was applied to exclude conference abstracts from the
search, and the focus function was applied on subject heading terms
to limit the number of records retrieved. The detailed search strate-
gies for Medline and Embase can be found in Tables S1 and S2. The
electronic searches were supplemented by a manual search of refer-
ence lists of all included studies and relevant review papers identi-

fied through the original search.

2.2 | Study selection

Two reviewers (B.G.T. and V.M.M.) screened titles and abstracts of
all retrieved records, and subsequently, full-text articles, indepen-
dently and in duplicate. A third reviewer (S.K.B.) resolved discrep-
ancies when necessary. To aid the screening process, the reviewers
used a standardized, prepiloted screening form.

We included studies that enrolled adults (>18years) with ob-
jectively confirmed ischemic stroke (regardless of being incident
cases). Studies compromising individuals with both ischemic and
hemorrhagic stroke were included as long as the majority had isch-
emic stroke (i.e., >50%). Studies were included regardless of clinical
setting (i.e., hospital or rehabilitation center) or length of follow-up
after the ischemic stroke event. We excluded studies restricted to
selected subgroups of ischemic stroke (e.g., cryptogenic stroke,
stroke, concurrent cancer) because such subgroups do not reflect
the general population of people with ischemic stroke.

To be included, studies had to investigate demographic, clinical,
and/or laboratory factors for the risk of VTE and report asymptom-
atic or symptomatic DVT of the lower limbs and/or fatal or nonfatal
PE as predefined outcomes (regardless of being incident cases). All
outcomes had to be objectively confirmed by radiological proce-
dures or autopsy.

Only full-text articles were assessed for eligibility. Cross-
sectional studies, case series, case reports, and review articles were
excluded. If more than one record reported on the same study pop-
ulation, we included both studies as long as the exposure(s) and/or
outcome(s) under investigation were different. In case of doubt of a
study's eligibility for the review, we attempted to contact the corre-

sponding author for clarification.
2.3 | Data extraction
Using a standardized, prepiloted form, data from the included

studies were extracted by B.G.T. and reviewed by V.M.M. The
following data were extracted: (1) study setting (e.g., country,

85U8017 SUOWILLOD BA1Tea1D qedljdde aup A pausenob afe sejoie YO ‘88N JO S8|nJ oy A%l 8UlUO A8]IM UO (SUOTIPUOD-PUB-SWLRI WD A8 | 1M AeIq 1 U1 |UO//SANL) SUORIPUOD pUe SWB | 8L 885 *[2Z0z/TT//T] uo AriqiTauluo A[IM 4O AIseAIUN 9101y 8Y L 1IN AQ ET8ST YH/TTTT'OT/I0p/00 A3 1M AReud 1 jeuluo//:sdny Wwo.j pepeo|umoq ‘0T ‘ZZ0Z ‘9E8.88ST


https://www.crd.york.ac.uk/prospero

T@ONDEL ET AL.

year of publication, clinical setting, number of centers), (2) study
design including length of follow-up, (3) study population char-
acteristics (e.g., sample size, age, sex, stroke type), (4) study out-
come (DVT and/or PE), (5) exposure(s) of interest (e.g., definition,
measurement method, number of exposed participants), (6) meas-
ures of association (e.g., relative risk estimates with confidence

intervals).

2.4 | Assessment of risk of bias in individual studies
We assessed the risk of bias in each individual study by using the
Quality in Prognosis Studies tool, which consists of six bias domains
to be considered: participation, attrition, exposure measurement,
outcome measurement, confounding measurement and account,
and statistical analysis and reporting.20 Judgments were made with
consensus among two reviewers (B.G.T. and V.M.M.), with involve-
ment of a third reviewer (S.K.B.) when necessary.

jth L2

2.5 | Data synthesis

We prespecified that only a qualitative synthesis would be carried
out in case of insufficient data on each risk factor and/or substantial
clinical and methodological heterogeneity across the included stud-
ies. For a qualitative synthesis, characteristics, results, and risk of
bias of the included studies were presented in tabular and narrative
formats. For risk factors and predictors associated with increased
VTE risk in multivariable models in two or more studies, an overview

of the range of the reported relative risks (RR) was provided.

3 | RESULTS

Our systematic search of electronic databases and manual review
of reference lists identified in total 4674 nonduplicate records.
After title and abstract screening, we included 123 studies for full-
text assessment (see Figure 1 for PRISMA flowchart). Twenty-six

[ Identification of studies via databases [ Identification of studies via other methods ]
S
5
‘Tj Records identified from: Reokds remo.ve‘_j Records identified from:
- »| before screening:
& Embase (n = 3705) Duplicate records Manual search of
- H = fi list: =18
§ Medline (n = 3368) removed (n = 2417) reference lists (n )
—
S
Records screened Records excluded
(n = 4656) | (n=4549)
Reports sought for _| Reports not retrieved Reports sought for ,| Reports not retrieved
retrieval (n = 107) (n=1) retrieval (n =18) (n=1)
s Reports assessed for Reports excluded Reports assessed for _ :-‘r"el:‘:';; excluded
o eligibility (n = 106) (n =80): ehgibilty [o=17) Not outcome of interest
8 Not population of interest n= 1uZ) !
n=27 - ) e
I(\lot out)come of interest No demographic, clinical
(n=12) or laboratory factor for the
No demographic, clinical ?nSk:%f)WE Wwestge=d
or laboratory factor for the Other reasons” (n =2)
risk of VTE investigated
(n =20)
Study conducted before
1990 (n =5)
Other reasons® (n = 16)
S
S
g Studies included in
3 review -
[ (n =26)
-/

*Other reasons (n =18): No objective confirmation of stroke and/or VTE diagnosis, or missing information on how the diagnosis was objectively confirmed (n = 8),
diagnostic study aim (n = 4), not full-text article (n = 3), full-text article not available in English (n = 2), and duplicate population (n = 1).

FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-analysis flowchart
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studies met all eligibility criteria and were therefore included in

the review.

3.1 | Study characteristics

Characteristics of the included studies are reported in Table 1. All

57,16,21—23

studies were cohort studies, of which were multicenter. The

studies were conducted in China (n= 9),21'29 United States (n = 5),30'34
United Kingdom (n = 4),%>~%8 Poland (n = 2),%° Canada (n = 1),/ Japan
(n=1),** Korea (n = 1),*?* Norway (n = 1),*® and Singapore (n = 1),*° and

in an international multicenter setting (n = 1).1¢

Twenty-one studies had a study population consisting of 280% isch-

23,24,31,33,41

emic stroke patients. In the remaining five studies, the pro-

portion with ischemic stroke ranged from 64% to 75%. Stroke severity in
the study populations varied because of heterogeneity in eligibility crite-
ria and study design. Additionally, the studies were highly heterogenous
in their reporting and use of pharmacological thromboprophylaxis.
Time from stroke onset to study inclusion ranged from 48h

to 30days in the in-hospital studies’10:16:21-27.29.30.34-43 (5 _ 79)

28,31-33

In the rehabilitation center-based studies (h = 4), par-

ticipants were included if the stroke event occurred within the
prior 30-90days before admission to rehabilitation. VTE as-
sessments were either carried out via a systematic screening

10.16,22,23,25-29.32,35-41 (y = 17) or based on clinical suspicion

7,21,24,30,31,33,34,42,43

program
during stroke hospitalization or rehabilitation

10,16,22-29,32,35,37,39-41

(n = 9). Sixteen studies reported on DVT as

an outcome, whereas one study’ reported on PE and nine stud-
ies21:30.31.33.3436,38.42.43 Loy o rted on VTE.

In the majority of the included studies (n = 15), demographic,
clinical, and laboratory factors were investigated as potential risk

7,10,16,21,24,31,33,34,43 in-

factors or predictors for VTE. Nine studies
vestigated only demographic and clinical factors and one study30
investigated only laboratory factors. Most studies investigated the
relationship between risk factors/predictors and VTE in multivari-

10,30-32,34,37

able models. However, six studies only reported results

from bivariable analyses (i.e., t test/X2 analyses).

3.2 | Risk of bias assessment

All studies were considered to have either moderate (n = 13) or
high (n = 13) overall risk of bias. Summary assessments for risk
of bias are shown in Figure 2, and detailed judgments for each
study are provided in Figure S1. Twenty-four of the 26 included
studies had unclear descriptions of the inclusion process and
follow-up period (e.g., not reporting number of initially eligible
study subjects, reasons for exclusions, number of individuals
included in final analyses). Most studies had clear descriptions
of exposure and outcome assessments. However, five stud-
jes?1:23:25.27.30 {id not report the timing and/or method of the
exposure measurement. Also, two studies?>?° did not report the
timing of the VTE assessment adequately, and one study®! did

not assess VTE with the same method in all participants. Twenty-

7:10.21,23-25,27-30,32-44 \yare considered to have mod-

three studies
erate or high risk of bias in the domains concerning confounding,
statistical analysis and reporting of results, mainly because of un-
clear descriptions of the model building process and inadequate

reporting of results.

3.3 | Risk factors and predictors for VTE in people
with ischemic stroke reported by two or more studies

Sixteen demographic, clinical, and laboratory factors were reported
to be associated with increased VTE risk in multivariable models in
two or more studies. In light of few studies on each factor, as well as
high clinical and methodological heterogeneity across the included
studies, we did not use statistical techniques to combine and sum-
marize the results of multiple studies on a risk factor/predictor for
VTE. An overview of these factors and the corresponding range of
the reported RRs are shown in Table 2 and described in the follow-
ing paragraphs (with RR ranges in brackets). The main results of each

individual study are reported in detail in Table S3.

3.3.1 | Demographics

Eight studies??72¢28:2936 reported an association between advanc-
ing age and VTE (RR per 1-year increase: 1.03-1.11, RR for age 260

to 70years: 1.8-4.0), whereas three?’ 4041

reported no association.
Three studies??2%4! found an association between female sex and

VTE (RR: 1.7-5.0), whereas three?”?%40 reported no association.

3.3.2 | Clinical factors

Both previous and current medical ilinesses were reported to be as-

71629 inves-

sociated with an increased VTE risk. All three studies
tigating a previous history of VTE and the risk of VTE after stroke
reported an association (RR: 1.1-3.7). Three studies”?>2¢ found an

association between cancer and VTE (RR: 3.3-5.2), whereas one’®

did not. Two studies'®%’

investigated prestroke disability (defined
as “prestroke dependency in activities of daily living” and “prestroke
disability”) and the risk of VTE, and both found an association (RR:
2.9-3.6). Two studies?®?? reported an association between atrial fi-
brillation and VTE (RR: 1.3-1.9), whereas 521,22,27,36,40 reported no
association.

Several measures reflecting stroke severity were found to be

associated with increased VTE risk. Two studies®>?’

investigated
increasing lesion volume of the brain infarct (assessed by diffusion-
weighted magnetic resonance imaging) and the risk of VTE, and both
reported an association (RR per 1-ml increase: 1.02-1.14). Four stud-
jes?425:2729 reported an association between VTE and an increasing/
increased National Institutes of Health Stroke Scale (NIHSS) score (RR

per 1-unit increase: 1.1-1.3, RR for NIHSS score >5: 1.1), whereas four
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Study participation

Study attrition

Exposure measurement
Outcome measurement

Study confounding

Statistical analysis and reporting [T

Overall risk of bias

0% 25 % 50 % 75 % 100 %

mlLow risk @Moderate risk mHigh risk ®Not applicable

FIGURE 2 Risk of bias graph: review author's judgments on
each risk of bias domain in the Quality In Prognosis Studies tool,
presented as percentages across all included studies.

studies®>*°~%2 did not. Leg weakness, defined as a NIHSS score of
lower limbs >2 to 3, was reported to be associated with VTE in three
studies?22328 (RR: 1.9-4.6), whereas one study26 found no association.
Two studies?>*8 reported an association between a low Barthel Index
(BI) (defined as Bl <9 and “low BI") and VTE (RR: 3.0-8.3), whereas

» o«

one®® did not. Infection (defined as “pneumonia,” “acute infection”
[including pulmonary, urinary, or skin infection and septicemia], and
“infection” [including pulmonary and urinary tract infection]) was
associated with increased VTE risk in two studies?™?® (RR: 2.2-4.3),

2427 inves-

whereas one study?? reported no association. Two studies
tigated an increasing length of hospital stay and the risk of VTE, and

both reported an association (RR per 1-day increase: 1.06-1.07).

3.3.3 | Laboratory factors

Six studie523’25'27’29'35'41

reported an association between elevated levels
of D-dimer and VTE (RR: 1.1-3.5), whereas one? did not find an asso-
ciation. The range includes reported RRs for D-dimer analyzed both as
a continuous and categorical variable because of inadequate reporting

in several studies. Three studies®>?%4°

investigated the association be-
tween elevated baseline levels of C-reactive protein (CRP) and the risk of
VTE, and all of them reported an association (RR per 1-mg/dL increase:
1.35-1.44, RR for CRP >10 mg/dl: 10.1). Two studies?>%’ found an as-
sociation between homocysteine and VTE (RR per 1-unit increase: 1.14-
1.15). Biochemical indices of dehydration measured at baseline (blood
urea nitrogen/creatinine ratio >15) and 9days poststroke (urea/creati-
nine ratio >80, urea>7.5mmol/L and osmolality >297 mOsm/kg) were
reported to be associated with VTE in two studies®®*? (RR: 2.8-8.8).

3.4 | Riskfactors and predictors for VTE in people
with ischemic stroke reported by one study only

Ten clinical and laboratory factors were found to be associated with
VTE in multivariable models in one study only, and the reported RRs
for these factors are provided in Table 3, along with the number of

j.l.}.‘ | 2181

studies reporting null findings. The main results of each individual
study are reported in detail in Table S3.

Some factors associated with increased VTE risk were only inves-
tigated in one study, including ischemic stroke in multiple arterial ter-
ritories,*> poststroke hydrocephalus,?! inability to lift arms off bed,®
varicose veins in lower limbs,? vitamin D deficiency,?® as well as elevated
levels of low-density lipoprotein?® and lipoprotein (a).’ Other factors,
including overweight/obesity,? being bedridden,? and elevated levels

27

of blood glucose”’ were investigated in two to three studies, but only

reported to be significantly associated with VTE in one of the studies.

4 | DISCUSSION
41 | Summary of main findings

In this systematic review, we identified in total 26 demographic,
clinical, and laboratory factors associated with increased VTE risk
in people with ischemic stroke after multivariable adjustments, of
which 16 were reported by two or more studies. A previous his-
tory of VTE, cancer, prestroke disability, leg weakness, increasing
lesion volume of the brain infarct, increasing length of hospital stay,
infection, low BI, biochemical indices of dehydration as well as el-
evated levels of D-dimer, CRP, and homocysteine were associated
with increased VTE risk in two or more studies, with 0-1 studies
reporting null findings. For other factors, the results were inconsist-
ent, and further investigation of these factors is therefore needed.
Unfortunately, there were few high-quality studies on each factor,
and all included studies were considered to have either moderate or
high overall risk of bias.

5 | STRENGTHS AND LIMITATIONS

The systematic, thorough, and transparent methods are the major
strengths of this study, including a comprehensive search strategy,
duplicate and independent screening of records, data extraction
using a standardized, prepiloted form, and risk of bias assessments
guided by the Quality in Prognosis Studies tool. The application of
the focus function in Embase could be a potential limitation to the
completeness of our literature search. However, we tried to account
for this by including a wide variety of free text words in the search
strategy, and we also checked that our final search could identify 22
papers on ischemic stroke and VTE that we were aware of before
the literature search was conducted. Also, we restricted the search
to records published in English because of time and resource limita-
tions. However, we believe it is unlikely that this restriction led to the
omission of any major articles on this topic.

Limitations related to the included studies were heterogeneity
in eligibility criteria, study design, outcome assessment (screening
versus clinical follow-up studies), and study setting (acute stroke
versus stroke rehabilitation), in addition to inconsistency in defini-
tions and measurement methods (including timing of measurements)
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TABLE 2 Risk factors and predictors associated with increased risk of venous thromboembolism (VTE) in multivariable models in two or

more studies

No. of studies with Ranges of reported relative risks in studies No. of studies with null

Risk factors and predictors positive findings with positive findings (when applicable) findings
Demographic and clinical factors
Advancing age 822-26,28,29.36 1.03-1.11, per 1-year increase 327:4041

1.8-4.0, for age 260 to 70years

Previous history of VTE 371629 1.1-3.7 0
Cancer 372226 3.3-5.2 138
Leg weakness? 32223280 1.9-4.6 1%
Prestroke disability® 21637 2.9-3.6 0
Increasing lesion volume of the brain 22529 1.02-1.14, per 1 ml-increase 0
infarct?
Increasing length of hospital stay 22427 1.06-1.07, per 1-day increase 0
Infection® 22126 2.2-4.3 122
Low Barthel Index’ 22338 3.0-8.3 1%
Increasing/increased NIHSS score 424252729 1.1-1.3, per 1-unit increase 483540-42
1.1, for NIHSS score >5
Female 3222641 1.7-5.0 3272840
Atrial fibrillation 22629 1.3-1.9 521,22,27,36.40
Laboratory factors
Elevated D-dimer level GRS 1.1-3.58 12¢
Elevated CRP level 222080 1.35-1.44, per 1 mg/dl increase 0

10.1, for CRP >10 mg/dl|

225,29

Elevated homocysteine level 1.14-1.15, per 1-unit increase

PECEZ Blood urea nitrogen/creatinine ratio >15 at 0

baseline: 8.8

serum urea/creatinine ratio >80, day 9
poststroke: 3.4

Osmolality >297 mOsm/kg, day 9
poststroke: 4.7

urea >7.5mmol/L, day 9 poststroke: 2.8

Biochemical indices of dehydration

Abbreviations: CRP, C-reactive protein; NIHSS, National Institutes of Health Stroke Scale; VTE, venous thromboembolism.
aDefined as NIHSS score of lower limbs 222228 and 23.232¢

®One study?® was conducted in a rehabilitation center-setting.

"16 and “prestroke disability” (modified Rankin Scale score of 3-5).%7

25,29

‘Defined as “prestroke dependency in activities of daily living

dAssessed by diffusion-weighted magnetic resonance imaging in both studies.
21 «

y

acute infection” (including pulmonary infection, urinary infection, skin infection, and septicemia),?® and “infection’
22

®Defined as “pneumonia,
(including pneumonia and urinary tract infection).
fDefined as Barthel Index <9% and “low Barthel Index."?®

EBecause of large heterogeneity across included studies in how D-dimer was analyzed and reported, the relative risk (RR) range includes RRs
obtained from analyses of D-dimer modeled both as a categorical and a continuous variable.

of the investigated factors. Several of the studies were small and 5.1 | Clinical factors

had limited statistical power. Further, most studies were screening

studies reporting only DVT as an outcome, and thus did not sep-
arate between asymptomatic and symptomatic events, which may
influence the clinical relevance of the observed associations. Also,
compression ultrasound used to screen for DVT in asymptomatic
individuals has less diagnostic accuracy than in symptomatic ones,
and some asymptomatic DVT episodes could therefore have been
missed. Finally, most studies were considered to have moderate or
high risk of bias in the domains concerning confounding, statistical
analysis and reporting of results.

The included studies showed somewhat inconsistent results for
advancing age and sex as risk factors for stroke-related VTE.
Because the incidence of both stroke and VTE varies across
age in men and women,*>7% the observed inconsistency may be
partly explained by differences in age and sex distributions in
the study populations, and differences in the statistical mode-
ling of age. Several factors reflecting stroke severity were asso-
ciated with increased VTE risk in the included studies, although
the results were conflicting for some of these. Differences in
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TABLE 3 Risk factors and predictors associated with increased
risk of venous thromboembolism (VTE) in multivariable models in
one study

Reported
relative No. of studies with
Risk factors and predictors risks null findings
Clinical factors
Ischemic stroke in multiple 6.6 0
arterial territories*®
Poststroke hydrocephalus?® 4.5 0
Unable to lift arms off bed*® 1.9
Varicose veins in lower 2.8 0
limbs?28
Overweight/obesity (BMI 2.0 1Pc35,53
225kg/m?)?2
Bedridden®?® 2.1 2274
Laboratory factors
Elevated Lp(a) level 12.1 0
(>300mg/L)%*
Vitamin D deficiency 4.7 0
(25-hydroxyvitamin
D <20ng/ml)?2
Elevated LDL level 1.9 0
(22.6mmol/L)%
Elevated glucose level®?’ 1.2 22

Abbreviations: BMI, body mass index; Lp(a), lipoprotein (a); LDL, low-
density lipoprotein.

*The study was conducted in a rehabilitation-center setting.

PA 3-fold increased risk for VTE was reported (per 10-unit increase in
BMI), but the association did not retain statistical significance in the
multivariable model.

Corrigendum notice.>®

4Defined as being “bedridden,”?® being “immobilized,”?” and “bedridden
period” (days).**

€Unit and cutoff value not reported.

severity definitions, as well as selected study populations (i.e.,
restricted to either low- or high-severity stroke), may partially
explain this inconsistency. Future studies should assess the
predictive performance of stroke severity measures in unse-
lected populations of people with ischemic stroke. Even though
obesity is prevalent in people with ischemic stroke and a major

51,52

risk factor for VTE in the general population, only two of

the included studies investigated the role of overweight and

122 reported a 2-fold in-

obesity in stroke-related VTE. Liu et a
creased VTE risk in individuals with stroke and a body mass
index 225 kg/mz, whereas Balogun et al®>? reported a 3-fold
increased VTE risk per 10-unit increase in body mass index
(p = .16). Future studies should investigate the risk according
to commonly used clinical cutoffs of obesity to assess its role in
the context of stroke-related VTE. Infection is a common com-

54-56 and infection was associated with

plication of acute stroke,
a 2- to 4-fold increased VTE risk.222 These results are sup-

ported by a population-based case-crossover study reporting

j.l.j.‘ | 2183

that the association between stroke and VTE was largely medi-

ated by infection and immobilization.>’

5.2 | Laboratory factors

An acute stroke event normally triggers an acute inflammatory
response.sg’62 In the included studies, elevated levels of CRP and
D-dimer were associated with increased VTE risk. However, because
differences in statistical modeling, the optimal cut-off levels of CRP
and D-dimer for discriminating between individuals at high and low
risk of stroke-related VTE remains unclear, and further investiga-
tions of the predictive capability of these biomarkers in ischemic

stroke are therefore warranted.

5.3 | Genetic factors

VTE is a disease with a strong hereditary component,®®-%® and
some recognized prothrombotic genotypes are also associated
with increased risk of stroke.®”””* None of the included studies
evaluated the association between a genetic factor and stroke-
related VTE. However, a population-based case-cohort study in-
vestigating the combined effect of prothrombotic genotypes and
ischemic stroke using a genetic risk score, suggested that genetic
risk factors may be important in VTE development following an
acute ischemic stroke event.”? Future studies should investigate
the predictive capability of prothrombotic genotypes on stroke-
related VTE risk.

5.4 | Risk prediction models for VTE in
ischemic stroke

Currently, no algorithm to predict VTE in people with ischemic stroke
is implemented in clinical practice. Among the studies included in

the review, five!6:22:2426.27

reported multivariable models for pre-
diction of DVT along with measures of discriminatory powers (i.e.,
area under the receiver operating curve). All of these studies were
considered to have several methodological concerns and a moder-
ate or high overall risk of bias. Moreover, these models lack external
and robust validation in new, independent cohorts, and cannot be
considered ready for use in clinical practice. The risk factors and pre-
dictors found to be associated with increased VTE risk in this review,
should be considered in any development of new prediction models,

or in the reevaluation of existing ones.

6 | CONCLUSION AND DIRECTIONS FOR
FUTURE RESEARCH

This systematic review summarizes current knowledge on risk fac-

tors and predictors for VTE in people with ischemic stroke. Most
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of the identified factors, including the biomarkers, can easily be
obtained in clinical practice, which is beneficial in the context of
risk prediction model development and implementation. However,
because there were few high-quality studies on each factor, future
research should also focus on further identification and confirma-
tion of clinical risk factors and biomarkers that can improve patient
stratification and guide the development of successful risk predic-

tion models.
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