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Abstract

Background: Deep venous thrombosis (DVT) is a common complication after stroke. It is easy to identify the patients with
symptomatic DVT; however, the tool for asymptomatic high-risk population needs to be further explored. Our aim was to
explore the risk factors of acute stroke patients with asymptomatic DVT. Methods: We performed a prospective observation
study among 452 patients with acute stroke who had a stroke within 14 days. Ultrasound examination of deep veins was
repeatedly performed in each patient for DVT every 7 days during his admission. The dynamic rate of DVT in acute stroke was
analyzed. Then risk factors were compared between DVT patients and non-DVT patients. The predictive model was explored
based on thr cox proportion model. Results: Asymptomatic DVT was detected in 52 (11.5%) patients with stroke and 85.9% of
thrombi were identified in their distal veins. Patients with longer length of stay (P = .004), more severe stroke (P = 0.001), higher
level of D-dimer (P = .003), and higher blood glucose level were associated with higher risk of DVT, while patients with higher
triglyceride level (P = .003) were less likely to have DVT, after adjusting age and sex. With the median of D-dimer (0.38 FEU mg/L)
as cutoff value. Patients with higher level of D-dimer might have a higher risk of DVT with a significant statistical difference. Also,
the severity of stroke differed DVT risk in Kaplan-Meier model. Using cox-proportion hazard regression model, asymptomatic
DVT could be predicted (area under the curve 0.852). Conclusion: Our data showed that asymptomatic DVT was common in
patients with acute stroke and most of thrombosis occurred in distal veins. Combination of clinical manifestation and laboratory
results might be helpful predict DVT. DVT prophylaxis should be condisdered in high risk.
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discovered asymptomatic DVT diagnosed in the second week.’
There are changes of DVT prevalence, especially in asympto-
matic patients. We investigated the incidence of asymptomatic
DVT in patients with acute stroke by ultrasound, as well as estab-
lish a predict model in patients with asymptomatic DVT.

Introduction

Patients with acute stroke might be associated with an increas-
ing risk of deep venous thrombosis (DVT) due to immobility,
but most of which are found as asymptomatic.'? The need for
routine screening of DVT and the benefit of prophylactic ther-
apy in patients with acute stroke is controversial, especially in
patients with stroke who are active and with mobility. Predic-

tion tools to identify symptomatic patients with DVT need to be
further explored. However, the clinical utility tool in the diag-
nosis of symptomatic DVT has not been well explored.®*
The clinical risk factors of reported symptomatic DVT has
been well-studying while asymptomatic DVT in patients with
acute stroke have been discussed in surprisingly few studies. The
only small-sample study specifically investigating DVT in
patients with acute stroke showed that 18 of 92 participants were
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Figure 1. A workflow of deep venous thrombosis study in acute stroke patients in admission. DVT indicates deep vein thrombosis.

Method
Study Design

All patients who were diagnosed as acute stroke and admitted
between July 1, 2017, and Jun 30, 2018, were cligible. All
clinical data were extracted and recorded from electronic his-
tory record system, including demographics, stroke features,
and laboratory test. All laboratory tests were performed within
24 hours after admission.

Procedures

Compression Doppler ultrasound examination of bilateral deep
veins (including proximal and distal veins) was performed in

admission patient with stroke within the first 7 days. Patients
with no DVT would be rescreening every 7 days after admis-
sion. All the ultrasound screening was performed by a well-
trained ultrasound physicians. The workflow was illustrated in
Figure 1. The study was approved by the ethics committees of
Huashan Hospital, an affiliated teaching hospital of Fudan Uni-
versity (KY2018-227).

Participants

All patients were eligible if they were diagnosed with acute
stroke (ischemic or hemorrhagic) and confirmed by computed
tomography or magnetic resonance imaging, age >18 years,
and within 14 days after stroke onset. We excluded patients



Wang et al

Femoral vein1 (1.3%)
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Figure 2. Distribution and probability of asymptomatic DVT in different low limb vessels. The most frequently involved vessels are muscular calf
vein and posterior tibia vein, and 25% of patients with DVT have thrombus in more than | vessels. DVT indicates deep vein thrombosis.

who were admitted 14 days after onset, or died within 7 days, or
immobilization before stroke, or who with previous DVT and
had symptom of DVT before admission. Participants were
enrolled and their data were collection, after the informed writ-
ten consent has been signed.

None of DVT prophylactic anticoagulant drug was initiated
routinely in mobile patients, as there is still a controversy in
guidelines. However, in patients with immobile stroke without
contraindications, intermittent pneumatic compression in
addition to routine care (aspirin and hydration) is used over
routine care, which might be of help to reduce the risk of DVT."

Statistical Analysis

Continuous variables were given as mean (standard deviation)
or median (interquartile range [IQR]) for normal and non-
normal distribution, respectively. Categorical variables are pre-
sented as count and percentage. Comparisons were conducted
between groups (with/without DVT) using ¢ test for normal
distributed continuous variables. The Mann-Whitney U test
was used for non-normally distributed variables. Fisher exact
test was used to compare categorical variables between those
with and without DVT. Odd ratios were obtained from logistic
regression in an adjusted analysis as a measure of association
between variables tested and DVT. Only factors witha P < .10
from univariable analysis were included in this analysis. The
Kaplan-Meier survival curves were used to examine unadjusted
time to DVT risk and a log-rank test was used to evaluate
differences between different severities of stroke. Predictions
of DVT risk by different level D-dimer were based on Cox-
proportional hazard regression models. Further analysis was
performed with receiver operating characteristic (ROC) curves
to determine the area under the ROC curve (AUC), which was
used to identify the optimum cut point. Statistical significance

was given a P value less than .05. All statistical analyses were
performed using Stata version 15.0 software (StataCorp LP,
Texas).

Results

A total of 452 patients with acute stroke were enrolled in our
study. Of them, there were 67 patients having hemorrhagic
stroke and 385 patients with ischemic stroke. The average age
was 63.8 (13.7) years old. Among all the patients, there were
69.2% men, 37.6% were able to mobile with a median National
Institution of Health Stroke Scale (NIHSS) 3 (IQR: 2-9). All
these patients were admitted within 14 days, mean as 3.1 (3.3)
days. Their mean length of stay was 11.0 (6.7) days, 43% of
them admitted into an intensive care unit (ICU) with a mean
length of ICU stay as 2.0 (5.2) days. Altogether, asymptomatic
DVT was detected in 52 (11.5%) patients with acute stroke and
85.9% of thrombi were identified in their distal veins. The most
frequently involved vessels are muscular calf veins and poster-
ior tibial vein. More than half of DVT (51.3%) located in
muscular calf veins, which might indicate the malfunction of
muscular pump (Figure 2). Seven patients were bilateral DVT
and all of them are calf vein thrombosis.

Compared to patients without DVT, those with DVT had
similar ages and onset to admission time. Among patients with
DVT, their NIHSS score was higher than those without (med-
ian 11.50 [7.25-16.00] vs 3.00 [1.00-8.00], P <.001; Table 1).
Patients with DVT stayed longer in hospital and have a higher
risk of immobility, as was expected. In terms of stroke features,
patients having hemorrhagic stroke were more likely to have a
DVT (12/67 vs 35/385, 17.91% vs 5.11%; Table 1). In patients
with ischemic stroke, their subtypes were less likely to be
lacuna in Oxfordshire Community Stroke Project classifica-
tion (1/52 vs 41/400, P < .001) and with higher rate of
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Table I. Baseline Characteristics of Patients.?

DVT,n =52 No DVT, n = 400 P Value

Age, years, median (IQR) 70.50 (61.00-78.50) 64 (56-72) .005
Gender, males, n (%) 30 (57.7) 283 (70.8) .055
BMI, median (IQR) 24.22 (21.45-26.33) 24.22 (22.15-26.35) .875
Onset to admission, days, median (IQR) 2.00 (1.00-4.00) 2.00 (1.00-5.00) 462
LoS, days, median (IQR) 14.50 (10.00-21.75) 9.00 (7.00-12.00) <.001
LoS in the ICU, days, median (IQR) 0.00 (0.00-9.00) 0.00 (0.00-2.00) .001
NIHSS, median (IQR) 11.50 (7.25-16.00) 3.00 (1.00-8.00) <.001
Stroke subtype <.001

Intracranial hemorrhage, n (%) 17 (32.7) 50 (12.5)

Ischemic stroke, n (%) 35 (67.3) 350 (87.5)
Baseline characteristics

Systolic blood pressure, mm Hg, median (IQR) 154 (136.5-165.75) I51 (133-166) .839

Diastolic blood pressure, mm Hg, median (IQR) 83 (75.25-90.00) 82 (75-92) .704
Mobility <.001

Aid, n (%) 42 (80.8) 126 (31.5)

Partly aid, n (%) 9(17.3) 191 (47.8)

No aid, n (%) I (1.9) 83 (20.8)
OCsP <.001

Lacuna, n (%) I (1.9) 41 (10.3)

Partial anterior circulation, n (%) 30 (57.7) 213 (53.3)

Posterior circulation, n (%) 10 (19.2) 117 (29.3)

Total anterior circulation, n (%) I (21.2) 29 (7.3)
Risk factors

AF, n (%) 12 (23.1) 26 (6.5) <.001

Diabetes mellitus, n (%) 11 (21.2) 113 (28.3) 281

Hypertension, n (%) 33 (63.5) 269 (67.3) .585

Smoking, n (%) 20 (38.5) 189 (47.3) 232
Anticoagulants 3 (5.8) 16 (4.0) .682

Abbreviations: AF, atrial fibrillation; BMI, body mass index; DVT, deep vein thrombosis; ICU, intensive care unit; IQR, interquartile range; LoS, length of stay;

NIHSS, National Institute of Health Stroke Scale; OCSP, Oxfordshire Community Stroke Project.
*N = 452; we measured mobility if the patients could mobilize to the toilet with or without the help of another person.

cardioembolism (atrial fibrillation 12/52 vs 26/400, P < .001).
In laboratory results, fast blood glucose and level of D-dimer
were higher in patients with DVT (Table 2). However, patients
with higher level of triglyceride were less likely to have DVT.
With each 1 mmol/L triglyceride level increased, there is a 54%
(95% confidence interval [CI], 23%-73%, P = .003) relative
risk reduction of DVT. Furthermore, we compared with and
without asymptomatic DVT in patients with ischemic stroke,
the findings were also similar to the general population (Sup-
plementary Tables S1 and S2).

In multivariable regression model, patients with longer
length of stay, more severe stroke, higher level of D-dimer,
and higher blood glucose were associated with high risk of
DVT, while higher triglyceride level was associated with less
risk of DVT, after adjusting age and sex (Table 3). To build up
a predictive model of asymptomatic DVT based on multivari-
able regression model, the ROC curve was performed (Figure 3).
The corresponding AUC assessed was 0.85 with specificity and
sensitivity. The quartile of estimated probabilities was measure
by Hosmer-Lemeshow goodness of fitness (P = .76).

To stratified the risk factors, those with NIHSS 5 to 14
points had 2.5 times of risk (95% CI, 1.05-6.00, P = .039), and

Table 2. Laboratory Predictors of Patients.”

DVT,n =52

No DVT, n =400 P Value

HCT, %, median  39.85 (35.25-43.98) 41.10 (38.50-44.50)  .025
(IQR)

BG, mmol/L, 7.25 (5.63-9.08) 5.80 (5.10-7.28) <.001
median (IQR)

HbA,.%, median  5.95 (5.63-6.88) 6.00 (5.60-7.10) .902
(IQR)

D-Dimer, FEU 1.70 (0.25-6.12) 0.35 (0.19-0.83) <.001
mg/L, median
(IQR)

TC, mmol/L, 4.48 (3.58-5.07) 4.23 (3.49-4.91) .178
median (IQR)

TAG, mmol/L, 1.10 (0.76-1.44) 1.35 (1.00-1.92) .002
median (IQR)

HDL, mmol/L, 1.14 (0.94-1.39) 1.04 (0.86-1.25) .049
median (IQR)

LDL, mmol/L, 2.79 (2.04-3.53) 2.53 (1.88-3.21) 175
median (IQR)

Abbreviations: BG, blood glucose; DVT, deep vein thrombosis; HbA ., hemo-
globin A, HCT, hematocrit; HDL, high-density lipoprotein; IQR, interquartile
range; LDL, low-density lipoprotein; TAG, triglyceride; TC, total cholesterol.
N = 452.
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Table 3. Adjusted Odds of Association of DVT.?

Outcome Adjusted OR (95% CI) P Value®
Age 1.01 (0.98-1.03) .686
Gender 1.32 (0.63-2.76) 460
LoS 1.06 (1.02-1.11) .004
NIHSS 1.10 (1.04-1.16) .001
Mobility .866
Partly aid 0.89 (0.40-1.95) 77
Aid 1.14 (0.45-2.86) .78
OCsP
Partial anterior circulation 8.48 (0.32-225.70) 202
Posterior circulation 6.59 (0.23-189.04) 271
Total anterior circulation 5.99 (0.19-184.52) .306
AF 1.74 (0.62-4.88) .289
BG, mmol/L, median (IQR) 1.22 (1.08-1.39) .002
D-Dimer, FEU mg/L, median(IQR) 1.07 (1.02-1.12) .003
TAG, mmol/L, median (IQR) 0.46 (0.27-0.77) .003

Abbreviations: AF, atrial fibrillation; BG, blood glucose; Cl, confidence interval;
DVT, deep vein thrombosis; IQR, interquartile range; LoS, length of stay;
NIHSS, National Institute of Health Stroke Scale; OCSP, Oxfordshire Com-

munity Stroke Project; OR, odds ratio; TAG, triglyceride.

*We measured mobile if the patients could mobilize to the toilet with
or without the help of another person.

bAdjusted for age, LoS, NIHSS, mobile, OCSP, AF, BG, D-dimer, and TAG.

Sensitivity

|Area under ROC curve = 0.8525 |

T T T T
0.00 0.25 0.50 0.75 1.00
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Figure 3. The area under receiver operating characteristics (ROC).
The area under ROC showed that the predictive model including age,
gender, D-dimer, severity of stroke, glucose, and triglyceride had a
high specificity and sensitivity to predict asymptomatic deep vein
thrombosis in patients with acute stroke. The log D-dimer as D-dimer
transformation was entered into this model. We also used National
Institute of Stroke Scale to measure the severity of stroke.

those with >14 points had 4.18 times of risk (95% CI, 1.53-
11.39, P = .005), compared to those with NIHSS score 0 to 4.
There was no significant interaction between the severity of
stroke and the length of stay (0.99, 95% CI, 0.99-1.00, inter-
action P = .067). Therefore, the severity of stroke was inde-
pendently associated with the risk of DVT, and each point of
NIHSS increases 11% (95% CI, 5%-31%) relative risk of
asymptomatic DVT. In order to further explore relationship
between the severity stroke and DVT risk, Kaplan-Meier curve
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Figure 4. Kaplan-Meier curves revealed that patients with mild stroke
was associated with lower risk of asymptomatic DVT. Kaplan-Meier
curve for time to DVT risk by severity of stroke was measured by the
National Institution of Health Stroke Scale (NIHSS). Mild stroke was
defined as NIHSS 0 to 4. Moderate stroke was defined as NIHSS 5 to
14. Severe stroke was defined as NIHSS >14. DVT indicates deep vein
thrombosis.
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Figure 5. Cox-proportional hazard model showed lower level of
D-dimer was associated with an increasing mortality rate.
Cox-proportional hazard model of DVT risk by levels of D-dimer.
The cutoff of D-dimer was 0.38 FEU mg/L. DVT indicates deep vein
thrombosis.

with risk table demonstrated that patients with mild stroke had
the lower risk of asymptomatic DVT (Figure 4).

With the median of D-dimer (0.38 FEU mg/L) as cutoff
value, patients with higher level of D-dimer might have a
higher risk of DVT with a significant statistical difference. The
cox-proportional hazard model showed that the higher level of
D-dimer was related to the higher risk of DVT (Figure 5).

Discussion

In our study, asymptomatic DVT was found commonly
(11.5%) in patients with acute stroke within 14 days after onset.
More than half of DVTs located in distal deep vein. Patients
with severe stroke, higher level of D-dimer, higher blood glu-
cose, and longer length of stay were more likely to develop
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asymptomatic DVT. We performed a practical clinical tool to
predict DVT in hospital stroke patients.

There are several studies focusing on patients with acute
ischemic within 7 days.®’” As was known, D-dimer was signif-
icantly high in patients with all types of thrombosis.® Our result
was consistent to that of previous studies as a biomarker of
embolism, serum of D-dimer indicated higher risk of DVT in
our study that has been also be found in previous studies.>*'°
Moreover, we explored the cutoff value in asymptomatic
patients and AUC showed it was with good predictable.

The association between the severity of stroke and DVT
has been well established, which were consistent to our
findings.”"!! Despite this, we confirmed as well that there was
not a significant interaction between the severity of stroke and
the length of stay on effects of DVT. It could also be caused by
relatively minor symptoms in our patients, which brought the
selection bias. Patients with severe stroke, higher level of
D-dimer, higher blood glucose, and longer length of stay were
more likely to develop asymptomatic DVT.

Immobility was known as one of major risk factors for DVT
in previous studies,'>'? although the guidelines indicated the
benefit of DVT prevention in patients with acute stroke was
unclear.! However, immobility was not associated with DVT
occurrence in multivariable regression model in our study. We
found that 10 patients, who were able to mobile, still had an
asymptomatic DVT. Interestingly, we also found the level of
triglyceride was associated with a protective effect of DVT
occurrence. Although the level of triglyceride was not related
to symptomatic DVT after knee surgery in previous study.'*
The difference of these findings in triglyceride and mobile
patients could be related to the potentially different mechan-
isms of etiology of thrombosis. The strategy of DVT prophy-
lactic needs to be further explored in high-risk patients.

Body mass index (BMI) in those with DVT was higher than
those without in participants from King’s College Hospital in
the United Kingdom (28.6 [4.6] vs 26.1 [4.9], P = .05),” while
there was no significant difference in our study. Compared with
the participants from the United Kingdom, participants from
our study owns much lower BMI values (DVT: 24.22 [21.45-
26.33] vs no DVT: 24.22 [22.15-26.35]). As it has come to be
known, the triad consists of stasis, vessel damage, and hyper-
coagulability is used to describe the etiology and assess the risk
of thrombosis, especially of DVT.">'¢ Our logistic regression
model showed patients with NIHSS score >5, D-dimer >0.38
FEU mg/L, higher glucose, and lower triglyceride were asso-
ciated with higher risk of asymptomatic DVT.

In our predictive model, NIHSS was firstly been described.
Compared to mild stroke, moderate stroke gave 80.8% sensi-
tivity and 61% specificity, while severe stroke gave 34.62%
sensitivity and 91.00% specificity. D-Dimer, at cut point of
0.38 FEU mg/L, gave 73.1% sensitivity and 53.1% specificity.

Our study showed that asymptomatic DVT was found com-
monly in patients with acute stroke within 14 days after onset.
Patients with severe stroke, higher level of D-dimer, higher
blood glucose, and longer length of stay were more likely to
develop asymptomatic DVT. A practical clinical tool to predict

DVT in in-house patients with stroke might be helpful to iden-
tify high-risk population, which needs to further validation.
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