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Venous Thromboembolism Following Acute Ischemic Stroke:
A Prospective Incidence Study
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Background: A sians were known to have a relatively lower incidence of venous
thromboembolism (VTE), and there is insufficient evidence to suggest a specific D-dimer
threshold level for screening VTE in patients with acute stroke.
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Methods: We prospectively enrolled patients with acute ischemic stroke admitted to Jeju
National University Hospital. The inclusion criteria were: 1) aged ≥18 years, 2) admission
within seven days of symptom onset, and 3) an initial National Institute of Health Stroke Scale
(NIHSS) score >1 for the affected lower limb. Ultrasound scans of the lower limbs and plasma
D-dimer assays were performed on days 7-14 and 15-28 after stroke onset.
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Results: Of 285 patients admitted during the study period, 52 patients met inclusion criteria
(mean age 74.5, male 40.4%, median initial NIHSS score 12, and unable to walk unassisted
at discharge 76.9%). During 7-14 days, 23 of 52 patients (44.2%) had a D-dimer level above
1.57 mg/L, and 9.6% had a level above 5.50 mg/L. Proximal deep vein thrombosis (DVT) was
detected in 3 patients (5.8%, 95% confidence Interval 1.2-16.0%) on ultrasound examination.
All DVTs were found in elderly female patients with severe leg weakness. No patient was
diagnosed with pulmonary embolism during the study period.
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Conclusion: The incidence of VTE seems to be very low among Korean patients with acute
ischemic stroke. Advanced age, female sex, and severe leg weakness were important risk
factors for developing DVT in this study.
J Neurocrit Care 2018;11(2):102-109
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INTRODUCTION

patients developed deep vein thrombosis (DVT) within
two weeks after the onset of stroke.1,2 Although the DVT

Studies have shown that, without prophylaxis approxi-

rates varied significantly with different diagnostic tests, it

mately 33-50% of Caucasian acutely immobilized stroke

occurred most frequently between 2 and 7 days after the
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stroke.3 Also, pulmonary embolism (PE) was found among
4

lower limb affected by the acute ischemic stroke at the time

1% of acute stroke patients, and it was responsible for

of admission. Patients with significant pre-stroke disability

up to 13% of early mortality among stroke patients in an

(i.e., a modified Rankin Scale [mRS] score ≥4) or patients

5

autopsy study. As a result, the current stroke management

with a past history of DVT were excluded. This study was

guidelines strongly suggest the use of subcutaneous anti-

approved by a local ethics committee and written informed

coagulation to prevent venous thromboembolism (VTE) in

consent was obtained from all the patients or their legal

6

immobilized stroke patients.

representative.

Interestingly, previous studies have suggested racial differences in VTE incidence, and Asians were found to have

Sonographic examination

up to 70% lower VTE rates compared to Caucasians. 7,8

Ultrasound scans of lower limbs were performed during

Because of this difference, the use of prophylactic antico-

the time periods of 7 to 14 days and 15 to 28 days after

agulation to prevent VTE among stroke patients has shown

stroke onset. The examinations were performed at least

vast practice variation, as well. For example, 95% of the

14 days apart. Compression tests were performed on the

US hospitals used VTE prophylaxis according to the 2015

common femoral vein, femoral vein, and popliteal vein

9

annual report. However, studies report prophylactic anti-

using a Voluson E ultrasound (General Electric Healthcare,

coagulation was used in less than 5% of stroke patients in

Pittsburgh, PA, USA) with a 10-14 MHz linear transducer.15

Korea and China.10,11

The examinations were performed by a trained ultraso-

The D-dimer assay has been used to screen for VTE

nographer blinded to patients’ clinical information. The

among various patient populations with a high diagnostic

study results were considered positive for DVT when vein

sensitivity, but a limited specificity for VTE at a cutoff level

compression failed. Results of the ultrasound studies were

12

of 0.5 mg/L. Because acute phase stroke patients can

independently interpreted by two researchers (J.C.C. and

frequently have a high D-dimer level, the same threshold

H.K.L.) who were also blinded to the patient’s clinical infor-

level cannot be used for these patients. 13,14 Only a few

mation, and any disagreement was resolved by consensus.

studies on the incidence of VTE and the possible role of the
D-dimer assay in screening for VTE in Asian acute stroke

Clinical and laboratory assessment

patients have been conducted. Therefore, we investigated

All patients were rated by the Wells score at the time of

the frequency of VTE and usefulness of the D-dimer assay

the ultrasound examination, and it was used to classify the

for screening VTE in Korean acute stroke patients using a

patient’s probability of DVT as low (≤0), moderate (1 or

prospective research design.

2), or high (>2).16,17 PE was confirmed by chest computed
tomography in patients with symptoms suggestive of PE,
such as sudden dyspnea, hypoxemia, chest pain, or hemop-

METHODS

tysis. Plasma D-dimer assays were performed on the same
day as the ultrasound examination. D-dimer was measured

Study participants

by a particle-enhanced immunoturbidimetric assay for

We prospectively and consecutively enrolled patients

the quantitative determination of cross-linked fibrin deg-

with acute ischemic stroke admitted to the Department of

radation products using the INNOVANCE® (Siemens AG,

Neurology of Jeju University Hospital from May 2016 to

Munich, Germanry) D-Dimer reagents on the automatic

April 2017. The inclusion criteria were: 1) aged ≥18 years

coagulation analyzer, Sysmex® CA-1500 System (Siemens

with acute ischemic stroke, 2) hospital admission within

Healthcare, Tokyo, Japan). The results of D-dimer testing

seven days of symptom onset, and 3) an initial National

were examined for sensitivity and specificity using cutoff

Institute of Health Stroke Scale (NIHSS) score >1 for the

values of 1.57 mg/L and 5.50 mg/L, as suggested in previ-
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ous
reports on patients with acute stroke.13,14 Administra-

ses, a two-sided P value less than 0.05 was considered to

tion of antiplatelet agents or anticoagulants, use of elastic

be statistically significant. All analyses were performed

stockings or intermittent pneumatic compression devices

using STATA version 15.0 software (Stata Corporation, Col-

to prevent DVT were also assessed at the time of ultra-

lege Station, TX, USA).

sound examination. Other clinical information, such as
detailed stroke characteristics, vascular risk factors, other
medications used during admission, and clinical outcomes

RESULTS

at discharge were collected using an ongoing prospective
stroke registry.18 The primary outcome of this study was the
incidence of DVT or PE within 28 days after stroke onset.

Patients
During the recruitment period of 12 months, a total of
285 acute ischemic stroke patients were admitted to the

Statistical analysis

hospital within seven days from onset of stroke symptoms.

Univariate analysis was performed to evaluate the dis-

Of the 285 patients, 52 patients met the eligibility criteria

tribution of baseline characteristics of the patients. For

and underwent a first ultrasound examination during the

bivariate analyses, Chi-square tests, Fisher’s exact test,

time periods of 7 to 14 days after stroke onset. After the

Student’s t -test or Wilcoxon’s rank sum test were applied

first ultrasound examination, four patients declined par-

where appropriate. Kappa statistics were used to measure

ticipation in the second study, one patient showed a critical

the degree of inter-rater agreement for the presence or

condition that precluded the ultrasound examination, and

absence of DVT on the ultrasound examination. Sensitivity

one patient was transferred to another hospital before

and specificity of the D-dimer test were calculated accord-

the second examination. As a result, 46 patients (46/52,

ing to the aforementioned threshold values. For all analy-

88.5%) received the second ultrasound examination dur-

Figure 1. Flow diagram of study inclusion. GI, gastrointestinal.
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ing the time periods of 15 to 28 days (Fig. 1). Compared

stroke. Of the remaining two patients, one died of asphyxia

with the 233 acute ischemic stroke patients who were not

and the other died of myocardial infarction (Supplementary

enrolled, the 52 patients enrolled in this study were more

Table 1).

likely to be older, female, and have higher stroke sever-

Table 1 shows the baseline characteristics of the 52 pa-

ity, atrial fibrillation, worse clinical outcomes. Of the 233

tients enrolled in this study. The mean age was 74.5 years,

patients, six patients died during hospitalization, and the

and 40.4% were men. Hypertension (71.1%) was the most

cause of death for four of them was directly related to the

frequent risk factor for stroke, followed by atrial fibrillation
(38.6%), diabetes mellitus (30.8%), hypercholesterolemia
(23.1%), and smoking (17.3%). More than half of the pa-

Table 1. Baseline characteristics of the patients
Characteristic
Age (years)
Sex (male)

Study participants (n=52)
74.5±12.4

score 5-14) and lower limb NIHSS scores were distributed

21 (40.4)

almost evenly among scores between one and three. All
patients had previous mRS score ≤3 and no history of DVT

TOAST classification
Large artery atherosclerosis
Cardiac embolism
Small vessel occlusion
Undetermined or other
determined etiology
Initial NIHSS score

tients had moderate stroke severity (i.e., baseline NIHSS

17 (32.7)

or PE. Antiplatelet agents were administered to 71.1% of

8 (15.4)

the patients, and anticoagulants were used in 25% of the

18 (34.6)

patients. Intermittent pneumatic compression devices were

9 (17.3)

used in 23.1% of the patients, and early rehabilitation was

12.2 (7-16.5)

performed in 90.4% of patients. However, compression

6 (11.5)

stockings were used in only 5.8% of the patients. Of the 52

Moderate (5-14)

28 (53.8)

patients, one patient had active cancer at the time of the

Severe (≥15)

18 (34.6)

admission.

Mild (0-4)

NIHSS score of affected lower
limb
1

16 (30.8)

2

17 (32.7)

3

19 (36.5)

Treatment
Intravenous thrombolysis

5 (9.6)

Ultrasound examination
Agreement between two researchers on the diagnosis
of DVT by ultrasound examination was moderate (kappa=0.58). DVT at proximal lower limbs was detected in
three patients (5.8%, 95% confidence Interval 1.2-16.0%)

37 (71.1)

on the first ultrasound examination and no new DVTs were

Aspirin

35 (67.3)

found in patients at the second examination. All DVTs were

Clopidogrel

21 (40.4)

found in elderly female patients, with an NIHSS score of

Anticoagulation

13 (25.0)

three (i.e., no effort against gravity) for the lower limb af-

Warfarin

4 (7.7)

fected by the stroke. Although the analyses were limited

NOAC

5 (9.6)

by the small number of patients with DVT, patients with

47 (90.4)

DVT appeared to have greater stroke severity and more

3 (5.8)

severe leg motor weakness, compared to patients without

Antiplatelet

Early rehabilitation
Elastic stocking
Intermittent pneumonic
compression

12 (23.1)

Plasma D-dimer level (mg/L)

1.64 (0.8-3.9)

TOAST, the trial of ORG 10172 in acute stroke treatment; NIHSS,
National Institutes of Health Stroke Scale; NOAC, non-vitamin K
antagonist oral anticoagulants.
Values are presented as mean±standard deviation, number (%),
or median (interquartile range).
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DVT (Supplementary Table 2). Two patients had DVT, even
though they were receiving oral anticoagulants at the time
of the ultrasound examination (Table 2). None of the three
patients were using intermittent pneumonic compression
devices at the time of DVT diagnosis, though one patient
was wearing compression stockings, and two were receiv-
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Table
2. Characteristics of three patients with DVT

No.

Patient 1

Patient 2

Patient 3

Sex/age

F/81

F/75

F/95

Initial NIHSS score

7

26

28

Leg motor scale (Rt/Lt)

3/0

3/1

3/3

Infarct location

Lt. ACA

Lt. MCA

Rt. MCA/ACA

TOAST classification

LAA

ODE

CE

Antithrombotics

Aspirin+clopidogrel

Warfarin

Apixaban

Wells score

1

3

1

DVT location

Rt. FV

Rt. CFV

Rt. CFV

D-dimer level (mg/L)

2.0

35.0

3.6

Discharge mRS

4

5

5

Cancer history

No

Yes

No

Intravenous thrombolysis

No

No

No

WBC (×103/uL)

6.0

6.8

10.5

Hemglobin (g/dL)

12.5

8.5

14.6

Laboratory parameter

3

Platelet (×10 /uL)

259

111

209

PT INR

0.91

1.34

1.05

PT (sec)

10.2

15.2

11.8

aPTT (sec)

Not done

31

29

DVT, deep vein thrombosis; F, female; NIHSS, National Institutes of Health Stroke Scale; Rt, right; Lt, left; ACA, anterior cerebral artery,
MCA, middle cerebral artery; TOAST, the trial of ORG 10172 in acute stroke treatment; LAA, large artery atherosclerosis; ODE, other
determined etiology; CE, cardiac embolism; FV, femoral vein; CFV, common femoral vein; mRS, modified Rankin Scale; WBC, white
blood cells; PT INR, prothrombin time international normalized ratio; PT, prothrombin time; aPTT, activated partial thromboplastin time.

ing early rehabilitation. Patient 2, who showed the highest
D-dimer value had been diagnosed with gallbladder cancer
with metastasis before hospital admission. The incidence
of DVT was 9.68% (3/31) in female patients, 11.1% (2/18)
in severe stroke patients (NIHSS ≥15), and 15.8% (3/19)
in patients with a lower limb NIHSS score of three. No
patient was diagnosed with PE during the study period. Of
52 patients, only eight (15.4%) had favorable outcomes at
discharge. However, no one died during the study period.

Plasma D-dimer & Wells score
Plasma D-dimer levels were available for all patients at
the time of the first ultrasound examination, and in 35 pa-

Figure 2. Distribution of the plasma D-dimer levels

tients (35/46, 76.1%) at the time of the second ultrasound
examination. During the time periods of 7 to 14 days, 23 of

dimer level above 1.57 mg/L, and 8.7% had levels above

52 patients (44.2%) had a D-dimer level above 1.57 mg/L,

5.50 mg/L (Fig. 2). At the maximal D-dimer value, sensitiv-

and 9.6% had levels above 5.50 mg/L. During the time

ity and specificity were 100% (3/3) and 53.1% (26/49), re-

periods of 15 to 28 days, 32.5% of the patients had a D-

spectively, for a cutoff value of 1.57 mg/L; and 33.3% (1/3)
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and 87.8% (43/49), when the cutoff value was 5.50 mg/L,

variation in the prevalence of genetic and environmental

respectively.

risk factors and accessibility to medical care to provide a

At the time of the first ultrasound examination, the

correct diagnosis of VTE.7,23 Several researchers have also

probability of DVT based on total Wells score of 52 patients

claimed that the lower VTE incidence in Asians may be due

was moderate (1-2) in 50 patients (96.2%), and high (>2)

to lack of well-designed large clinical studies. Prospec-

in two patients (3.9%), and 11.5% (6/52) of these patients

tive studies in Asian patients have reported higher rates

had a score of 2 or more. The probability at the second ex-

of VTE following major surgery, and rates that varied with

amination was moderate or high in 91.3% of patients. The

different medical conditions. 24-26 Well-designed large

Wells score of patients diagnosed with DVT was 3 in one

multicenter research is required to investigate the accurate

patient and 1 in two patients (Table 2).

prevalence and risk factors for VTE, and evaluate optimal
thromboprophylaxis in high-risk Asian patients.
Plasma D-dimer levels are useful for screening DVT in
chronic stroke patients receiving rehabilitation.27,28 How-

DISCUSSION

ever, stroke patients can have frequently higher D-dimer
In this study, we found that the incidence of VTE was only

levels during the acute phase, so the same threshold level

5.8% among Korean patients with ischemic stroke who

cannot be used during that phase.29 Balogun et al.13 found

were immobilized due to leg weakness. The risk seemed to

that a baseline D-dimer of 1.7 mg/mL had a sensitivity

be greatest for elderly female patients with severe lower

of 0.71 and a specificity of 0.74 in detecting ultrasound-

extremity weakness due to stroke. This study also con-

verified DVT in patients with acute stroke. In another DVT

firmed that the current reference value of plasma D-dimer

screening study, Kuwashiro et al.14 suggested an optimum

was not helpful in screening for VTE among patients with

D-dimer cut-off value of 5.50 mg/mL (sensitivity, 89%;

acute ischemic stroke.

specificity, 82%) as the maximum for definitive DVT.

Vast variations in VTE prevalence among Asian stroke

Because of the small number of DVT patients in the cur-

patients have been reported, depending on the research

rent study, we could not suggest a threshold level of D-

19

method. In clinical studies, the prevalence rates were less

dimer for the presence of DVT. In this study, sensitivity and

than 1%, however the rates varied significantly from 4.8%

specificity were 100% and 53.1% when the cutoff value

to 45% in imaging studies. The highest reported rates

was 1.57 mg/L, respectively, and 33.3% and 87.8% when

were from a Doppler ultrasound study done in 111 acute

the cutoff value was 5.50 mg/L, respectively. At present,

20

stroke patients from Singapore. DVT was found in 30%

there is a wide variation in plasma D-dimer levels among

of the patients during the time period of 7 to 10 days and

patients with acute stroke, and the level could change over

45% during 25 to 30 days from stroke onset. However,

time during the acute phase of stroke. Therefore, there

the majority of the DVTs were in the distal part of a lower

is insufficient evidence to suggest a certain threshold D-

extremity, and only one patient had PE in that study due

dimer level for screening DVT in patients with acute stroke.

to limited risk of proximal extension on the distal DVT.

This study had several limitations. Because this was a

Other ultrasound-based studies reported prevalence rates

single center study with a small number of patients, our

of DVT from 4.8 to 9.0%, which are similar to the current

findings may not apply to other populations or different

21,22

Based on the current findings, the prevalence of

clinical settings. In particular, usefulness of the D-dimer

clinically significant symptomatic DVT or PE seems to be

assay may be limited in this study due to the small number

quite low in Asian stroke patients.

of patients diagnosed with DVT, as well as the presence of

report.

The exact mechanisms underlying racial differences in

an active cancer patient among the DVT patients. However,

VTE rates are not clear. Possible explanations may include

we could evaluate the effect of various stroke character-
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istics
on the risk of VTE, including total NIHSS score and

severity of leg motor weakness. We could not evaluate the
incidence of VTE beyond four weeks after onset of stroke
because a substantial number of patients had already been
discharged from our institution by that time. Finally, active
employment of intermittent pneumatic compression, early
rehabilitation therapy, and the use of antiplatelet agents or
anticoagulant as part of secondary stroke prevention may
have contributed to the low incidence of VTE in the current
study.

CONCLUSION
The incidence of VTE seems to be very low among Korean patients with acute ischemic stroke. Advanced age,
female gender, and severe leg weakness due to stroke were
important risk factors for developing DVT in this study.
Large-scale multicenter research is needed to investigate
the exact incidence, biomarkers, and risk factors for VTE in
Asian stroke patients to identify high-risk patients and to
provide safe and effective VTE prophylaxis.

Supplementary content
The online-only supplementary material is available with
this article at https://doi.org/10.18700/jnc.180068.
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Supplementary Table 1. Characteristics of the patients by enrollment
Characteristic
Age (years)

Enrolled (n=52)

Excluded (n=233)

P value

74.5±12.4

66.8±13.8

<0.001

21 (40.4)

157 (67.4)

<0.001

Hypertension

37 (71.1)

148 (63.5)

0.297

Diabetes mellitus

16 (30.8)

76 (32.6)

0.797

Hypercholesterolemia

12 (23.1)

66 (28.3)

0.443

9 (17.3)

87 (37.3)

0.006

18 (34.6)

41 (17.6)

0.006

Sex (male)
Vascular risk factor

Smoking
Atrial fibrillation
TOAST stroke classification
Large artery atherosclerosis
Cardiac embolism
Small vessel occlusion
Undetermined or other determined etiology
Initial NIHSS score

0.136
17 (32.7)

85 (37.4)

8 (15.4)

51 (22.5)

18 (34.6)

45 (19.8)

9 (17.3)

46 (20.3)

12.2 (7-16.5)

5.5 (1-7)

Initial NIHSS score, categorical
Mild (0-4)

<0.001
<0.001

6 (11.5)

142 (60.9)

Moderate (5-14)

28 (53.8)

67 (28.8)

Severe (≥15)

18 (34.6)

24 (10.3)

Treatment
Intravenous thrombolysis

5 (9.6)

31 (13.3)

0.469

37 (71.1)

204 (87.5)

0.003

Aspirin

35 (67.3)

195 (83.7)

0.007

Clopidogrel

21 (40.4)

134 (57.5)

0.025

13 (25.0)

29 (12.4)

0.021

Anti-platelet

Anti-coagulation
Warfarin

4 (7.7)

15 (6.4)

0.743

NOAC

5 (9.6)

10 (4.3)

0.120

8 (15.4)

161 (69.1)

44 (84.6)

72 (30.9)

Discharge mRS
Favorable (mRS 0-2)
Unfavorable (mRS 3-6)

<0.001

TOAST, the trial of ORG 10172 in acute stroke treatment; NIHSS, National Institutes of Health Stroke Scale; NOAC, non-vitamin K
antagonist oral anticoagulants; mRS, modified Rankin Scale.
Values are presented as mean±standard deviation, number (%), or median (interquartile range).
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Supplementary
Table 2. Characteristics of the patients by deep vein thrombosis

Characteristic
Age (years)

No DVT (n=49)

P value

83.7±10.3

0.215

21(42.9)

0 (0.0)

0.264

Hypertension

36 (73.5)

1 (33.3)

0.196

Diabetes mellitus

15 (30.6)

1 (33.3)

1.000

Hypercholesterolemia

11 (22.4)

1 (33.3)

0.553

9 (18.4)

0 (0.0)

1.000

17 (34.7)

1 (33.3)

1.000

Sex (male)

74.0±12.3

DVT (n=3)

Vascular risk factor

Smoking
Atrial fibrillation
TOAST stroke classification
Large artery atherosclerosis
Cardiac embolism
Small vessel occlusion
Undetermined or other determined etiology
Initial NIHSS
Lower motor scale, affected

0.592
16 (32.6)

1 (33.3)

8 (16.3)

0 (0.0)

17 (34.7)

1 (33.3)

8 (16.3)

1 (33.3)

11.7±6.6
2±0.8

20.3±11.6

0.194

3±0

0.039

D-dimer level

2.8±4.6

13.0±19.1

0.298

Well’s score

1.1±0.5

0.7±1.1

0.190

5 (10.2)

0 (0.0)

1.000

Treatment
Intravenous thrombolysis
Anti-platelet

35 (71.4)

2 (66.7)

1.000

Anti-coagulation

12 (24.5)

1 (33.3)

1.000

In-hospital rehabilitation

45 (91.8)

2 (66.7)

0.266

2 (4.1)

1 (33.3)

0.166

12 (24.5)

0 (0.0)

1.000

Elastic stocking
Intermittent pneumatic compression
Discharge mRS
Favorable (mRS 0-2)
Unfavorable (mRS 3-6)

1.000
8 (16.33)
41 (83.67)

0 (0.0)
3 (100.0)

DVT, deep vein thrombosis; TOAST, the trial of ORG 10172 in acute stroke treatment; NIHSS, National Institutes of Health Stroke Scale;
mRS, modified Rankin Scale.
Values are presented as mean±standard deviation or number (%).
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