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Higher risk of deep vein thrombosis
after hemorrhagic stroke than after
acute ischemic stroke
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Patients with stroke are at particularly increased risk of developing deep vein thrombosis (DVT) during hospitalization. In

this study, we aimed to compare the potential risk of in-hospital DVT by stroke subtypes. This study is based on a prospective

cohort (in-hospital medical complication after acute stroke [iMCAS] registry) enrolling patients with acute ischemic stroke

(AIS), intracerebral hemorrhage (ICH), and subarachnoid hemorrhage (SAH). In-hospital DVT was diagnosed by clinical

manifestations and verified by compression Doppler ultrasound. A logistic regression analysis was performed to assess the

association between stroke subtypes and occurrence of DVT. A total number of 1,771 patients were enrolled in the iMCAS.

The mean age was 57.1� 12.9 years, and 27.5% were female patients. The median length of stay was 14 days (interquartile

range [IQR], 11–16). ThemedianNational Institutes of Health Stroke Scale score on admission for patients withAIS, ICH, and

SAHwas 4 (IQR: 2–8), 4 (IQR:1–10), and 0 (IQR:0–0), respectively. In-hospitalDVTafter AIS, ICH,and SAHwas1.9%, 5.7%,

and 7.9%, respectively. The median time from stroke onset to DVT formation after AIS, ICH, and SAH was 10.5 days

(IQR: 3.8–14.5), 7.5 days (IQR:4.0–9.5), and 7.0 days (IQR:5.0–12.5), respectively. After adjusting for potential confounders,

patients with ICH (odds ratio = 7.350; 95% confidence interval = 2.411–22.13; P< .001) and SAH (odds ratio = 11.92; 95%

confidence interval = 5.192–27.38; P< .001) had significantly higher risk of in-hospital DVT than those patients with AIS. In

conclusion, patients with hemorrhagic stroke (ICH and SAH) have significantly higher risk of in-hospital DVT than patients

with AIS. Further studies on pathophysiologic mechanisms are warranted. (J Vasc Nurs 2018;37:18-27)
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Venous thromboembolism (VTE) is common in hospitalized
patients and associates with significant morbidity, mortality, and
health-care cost.1 Deep vein thrombosis (DVT) is the most prev-
alent presentation, and pulmonary embolism (PE) is the most se-
vere form of VTE.1,2

Patients with stroke are at particularly increased risk of devel-
oping VTE during hospitalization.3,4 It is estimated that stroke
patients who have hemiplegia and do not receive VTE
prophylaxis have as high as 75% likelihood of developing
DVT and a 20% chance of developing PE.2 VTE is thought to
be responsible for early deaths after stroke in about 25% of cases
and is fatal in 1%–2% of cases with acute stroke.

Several studies have focused on DVT after acute ischemic
stroke (AIS),5–13 intracerebral hemorrhage (ICH),6,8,9,14–20 and
subarachnoid hemorrhage (SAH).21–24 A few studies indicated
that the incidence of DVT after ICH is higher than that after
AIS.14,15 However, there is lack of study to make a face-to-face
comparison on potential risks of developing DVT by different
stroke subtypes (AIS, ICH, and SAH). In addition, time course of
DVT formation after stroke, especially for different stroke sub-
types, remains poorly understood despite its contribution tomortal-
ity andmorbidity. As a result, the optimal time of VTE prophylaxis
and duration of therapy are uncertain.25,26 The answers to these
questions might be helpful for making individualized VTE
prophylaxis strategies and improving stroke outcomes.

In this study, we sought to compare the incidence of DVT
during acute hospitalization after AIS, ICH, and SAH and to
clarify the time course of in-hospital DVT formation after AIS,
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ICH, and SAH. We hypothesized that patients with hemorrhagic
stroke (ICH and SAH) would have a higher risk of DVT than pa-
tients with ischemic stroke (AIS).
METHODS

Study population

This study is based on a cohort (in-hospital medical complication
after acute stroke [iMCAS]), which is a prospective registry of
consecutive stroke patients admitted to the department of vascular
neurology of Beijing Tiantan hospital. Briefly, the primary aim of
the iMCAS was to compare the potential risk of common in-
hospital medical complications by stroke subtypes (AIS, ICH, and
SAH); to investigate potential interrelationship among common in-
hospital medical complications by stroke subtypes; and to explore
biomarkers and neuroimaging markers for common in-hospital med-
ical complications after stroke. In the iMCAS, information on
following medical complications after stroke was recorded: DVT,
stroke-associated pneumonia, urinary tract infection, gastrointestinal
bleeding, recurrent stroke, epileptic seizure, hydrocephalous,
myocardial infarction, atrial fibrillation/flutter, heart failure, sepsis,
PE, and decubitus ulcer. Definitions of these medical complications
after stroke were in accordance with definitions used in other
studies.27–29 To be eligible for the iMCAS, subjects had to meet
the following criteria: (1) aged 18 years or older; (2) hospitalized
with a primary diagnosis of AIS, ICH, or SAH according to the
World Health Organization (WHO) criteria30; (3) stroke confirmed
by head computerized tomography and/or brain magnetic resonance
imaging; (4) time from stroke onset to hospital admission was less
than 7 days; and (5) written informed consent obtained from patients
or their legal representatives. The iMCAS was approved by the
ethics committee of Beijing Tiantan hospital.

Data collection and definitions

AWeb-based standardized case report form was established for
clinical data collection and data management. The relevant data
were extracted from medical records by trained research coordina-
tors. Data completeness, correct coding, and proper application of
diagnostic algorithm were checked by a research specialist. For the
present study, the following patient variables were analyzed: (1) de-
mographics (age and gender); (2) stroke risk factors including hyper-
tension (history of hypertension or antihypertensive medication use),
diabetes mellitus (history of diabetes mellitus or antidiabetic medica-
tion use), dyslipidemia (history of dyslipidemia or lipid-lowering
medication use), atrial fibrillation (history of atrial fibrillation or
documentation of atrial fibrillation on admission), coronary heart dis-
ease, history of stroke/transient ischemic attack, and current smoking;
(3) preexisting comorbidities such as congestive heart failure,
valvular heart disease, chronic obstructive pulmonary disease, pe-
ripheral artery disease, hepatic cirrhosis, peptic ulcer, renal failure,
arthritis, and cancer; (4) index vascular event (AIS, ICH, and
SAH); (5) prestroke dependence (modified Rankin Scale score >
3); (6) admission stroke severity based on the National Institutes of
Health Stroke Scale (NIHSS) score; (7) admission Hunt-Hess scale
score (the Hunt and Hess scale is one of the grading systems used
to classify the severity of an SAH with a higher grade correlating to
lower survival rate) and World Federation of Neurologic Surgeons
(WFNS) scale score (The WFNS scale was proposed by the WFNS
and is intended to be a simple, reliable, and clinically valid way to
grade a patient with SAH); (8) systolic and diastolic blood pressure;
(9) body mass index; (10) admission blood tests measuring white
blood cell count (109/L), red blood cell count (1012/L), hemoglobin
(g/L), platelet count (109/L), triglyceride (mmol/L), total cholesterol
(mmol/L), high-density lipoprotein (mmol/L), low-density lipopro-
tein (mmol/L), glucose (mmol/L) (mmol/L � 18 = mg/dL), and cre-
atine (mmol/L); (11) antithrombotic agents administered within 48
hours of admission; (12) VTE prophylaxis (anticoagulation [unfrac-
tionated heparin, low-molecular-weight heparin, warfarin, or non–
vitamin K antagonist oral anticoagulants], intermittent pneumatic
compression, or both); (13) time from stroke onset to hospital admis-
sion (days); and (14) length of hospital stay (LOS) (days).

Assessment of DVT

In the iMCAS, DVTwas diagnosed by treating physicians based
on clinical manifestations (such as swelling, pitting edema, redness,
tenderness, and presence of collateral superficial veins and others)
and verified by sequential compression Doppler ultrasound. Only
DVTs that developed after hospital admission were counted. Time
of initial ultrasound detecting DVT formation was recorded.

Statistical analysis

Continuous variables were summarized with mean and standard
deviation or median and interquartile range (IQR). Categorical
variables were summarized as proportions. In univariate analysis,
chi-square or Fisher’s exact test was used to compare categorical var-
iables, and Mann-Whitney test was used to compare continuous vari-
ables. In multivariate analysis, logistic regression was performed to
assess the association between stroke subtypes (AIS, ICH, and SAH)
and occurrence of DVT and adjusted for demographics, stroke risk
factors, preexisting comorbidities, prestroke dependence, admission
NIHSS score, body mass index, admission blood pressure, blood
tests, antithrombotic agents administered within 48 hours after
admission, VTE prophylaxis, and LOS. All tests were two-tailed,
and statistical significance was determined at a level of 0.05. Statis-
tical analysis was performed using SAS 9.1 and SPSS 17.0.

RESULTS

Patient characteristics

Patient characteristics are shown in Tables 1 and 2. From
January 20 to December 2016, a total of 1,771 patients (1,129
of AIS, 314 of ICH, and 328 of SAH) were enrolled in the
iMCAS. The mean age was 57.1 � 12.9 years, and 27.5% were
female patients. The median LOS was 14 days (IQR, 11–16).
The median NIHSS score on admission for patients with AIS,
ICH, and SAH was 4 (IQR: 2–8), 4 (IQR:1–10), and 0 (IQR:0–
0), respectively. The median Hunt-Hess scale score and WFNS
scale score for patients with SAH were 2 (IQR:1–2) and 1
(IQR:1–1), respectively. Sixty-six (3.7%) of 1,771 patients were
diagnosed with DVT, and only one patient (0.1%) developed
symptomatic PE during hospitalization. In-hospital DVT was
more frequent among older patients; female patients; patients
who present a history of atrial fibrillation; noncurrent smokers;
and patients with renal failure, index vascular event of ICH and
SAH, higher level of admission white blood cell count, high-
density lipoprotein and glucose, lower level of admission red
blood cell count and hemoglobin, lower rate of antithrombotic
agents administered within 48 hours after admission, higher rate
of VTE prophylaxis, and longer hospital stay (Table 2).
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TABLE 1

PATIENT CHARACTERISTICS STRATIFIED BY STROKE SUBTYPES

AIS (N = 1,129) ICH (N = 314) SAH (N = 329) P value

Demographics, n (%)

Age, mean (SD) 58.7 � 12.5 54.7 � 14.2 54.2 � 12.3 <.001

Gender (male) 230 (20.4) 93 (29.6) 164 (50.0) <.001

Stroke risk factors, n (%)

Hypertension 755 (66.9) 208 (66.2) 184 (56.1) .001

Diabetes mellitus 341 (30.2) 41 (13.1) 29 (8.8) <.001

Dyslipidemia 206 (18.2) 36 (11.5) 28 (8.5) <.001

Atrial fibrillation 69 (6.1) 10 (3.2) 3 (0.9) <.001

Coronary artery disease 151 (13.4) 26 (8.3) 20 (6.1) <.001

History of stroke/TIA 266 (23.5) 48 (15.3) 30 (9.1) <.001

Current smoking 628 (55.6) 120 (38.2) 118 (35.9) <.001

Comorbidities, n (%)

Congestive heart failure 6 (0.5) 3 (1.0) 0 (0.0) .23

Valvular heart disease 10 (0.9) 2 (0.6) 1 (0.3) .54

Chronic obstructive pulmonary disease 26 (2.3) 9 (2.9) 6 (1.8) .68

Peripheral artery disease 8 (0.7) 0 (0.0) 0 (0.0) .10

Hepatic cirrhosis 17 (1.5) 3 (1.0) 4 (1.2) .73

Peptic ulcer 21 (1.9) 3 (1.0) 6 (1.8) .53

Renal failure 7 (0.6) 2 (0.6) 1 (0.3) .78

Arthritis 16 (1.4) 5 (1.6) 0 (0.0) .09

Cancer 14 (1.2) 3 (1.0) 4 (1.2) .92

Prestroke dependence (mRS # 2), n (%) 1,110 (98.4) 309 (98.4) 324 (99.1) .66

Admission NIHSS score, median (IQR) 4 (2–8) 4 (1–10) 0 (0–0) <.001

Admission Hunt-Hess score — — 2 (1–2) —

Admission WFNS score — — 1 (1–1) —

Etiology, n (%)

Large artery atherosclerosis 936 (82.9) — —

Small vessel disease 13 (1.2) — —

Cardioembolism 109 (10.0) — —

Other determined etiology 19 (1.7) — —

Undetermined etiology 52 (4.6) — —

Primary intracerebral hemorrhage — 277 (88.2) —

Secondary intracerebral hemorrhage — 34 (10.8) —

Aneurysm subarachnoid hemorrhage — — 241 (73.3)

Nonaneurysm subarachnoid hemorrhage — — 88 (26.7)

Admission SBP (mm Hg), median (IQR) 151 (136–167) 158 (140–171) 148 (135–162) <.001

Admission DBP (mm Hg), median (IQR) 87 (79–98) 93 (83–104) 89 (80–97) <.001

BMI (kg/m2), median (IQR) 25.2 (25.2–29.4) 25.2 (21.0–29.4) 25.2 (21.0–25.2) <.001

Blood test

WBC, (109/L), median (IQR) 7.38 (6.11–9.01) 8.83 (7.34–11.0) 10.0 (8.07–11.8) <.001

RBC, (1012/L), median (IQR) 4.61 (4.28–4.95) 4.81 (4.50–5.17) 4.51 (4.22–4.89) <.001

(Continued )
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TABLE 1

CONTINUED

AIS (N = 1,129) ICH (N = 314) SAH (N = 329) P value

HGB, (mmol/L), median (IQR) 142 (132–153) 148 (139–159) 139 (127–149) <.001

Platelet, (109/L), median (IQR) 209 (175–245) 219 (187–254) 213 (180–245) .03

TG, (mmol/L), median (IQR) 1.30 (0.96–1.76) 1.34 (1.01–1.85) 1.32 (1.02–1.75) .32

TC, (mmol/L), median (IQR) 3.97 (3.38–4.68) 4.75 (4.11–5.46) 4.82 (4.30–5.58) <.001

LDL, (mmol/L), median (IQR) 2.48 (1.88–3.06) 3.09 (2.46–3.70) 3.07 (2.47–3.68) <.001

HDL, (mmol/L), median (IQR) 0.98 (0.85–1.16) 1.14 (1.00–1.36) 1.32 (1.10–1.50) <.001

Glucose, (mmol/L), median (IQR) 5.07 (4.41–6.89) 5.04 (4.37–6.07) 5.15 (4.49–6.18) .25

Creatine, (mmol/L), median (IQR) 64.9 (55.5–74.6) 61.7 (52.1–72.1) 51.0 (42.0–61.6) <.001

Antiplatelet agents within administered 48 h after
admission, n (%)

1,098 (97.3) 0 (0.0) 102 (31.0) <.001

VTE prophylaxis during hospitalization, n (%) 715 (63.3) 198 (63.1) 207 (63.1) .99

Time from onset to admission (d), median (IQR) 3 (1–5) 3 (1–4) 2 (1–3) <.001

Length of hospital stay (d), median (IQR) 14 (11–16) 14 (12–18) 14 (11–18) <.001

DVT, n (%) 22 (1.9) 18 (5.7) 26 (7.9) <.001

AIS = acute ischemic stroke; BMI = body mass index; DBP = diastolic blood pressure; DVT = deep vein thrombosis; HDL = high-density lipoprotein; HGB =

hemoglobin; ICH = intracerebral hemorrhage; IQR = interquartile range; LDL = low-density lipoprotein; mRS = modified rankin scale; NIHSS = National

Institutes of Health Stroke Scale; SD = standard deviation; RBC = red blood cell; SAH = subarachnoid hemorrhage; SBP = systolic blood pressure; TC = total

cholesterol; TG = triglyceride; TIA = transient ischemic attack; VTE = venous thromboembolism; WBC = white blood cell; WFNS = World Federation of

Neurologic Surgeons.

Bolded values indicates that there is a significant difference between two groups (P < .001).
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Time course of DVT formation stratified by stroke
subtypes

Time course from stroke onset and hospital admission to
initial ultrasound detecting DVT formation is shown in
Table 3. The median time from stroke onset to DVT formation
after AIS, ICH, and SAH was 10.5 days (IQR: 3.8–14.5),
7.5 days (IQR: 4.0–9.5), and 7.0 days (IQR: 5.0–12.5), respec-
Figure 1. Proportion of in-hospital deep vein thrombosis (DVT) stratifie
1.9%, 5.7%, and 7.9%, respectively. In-hospital DVT rate was significantl
(7.9% vs 1.9%; P < .001) than that among patients with AIS. AIS = acute
noid hemorrhage.
tively. The median time from hospital admission to DVT forma-
tion after AIS, ICH, and SAH was 5.0 days (IQR: 2.0–9.5),
4.0 days (IQR: 1.0–7.2 days), and 5.5 days (IQR: 3.0–
10.0 days), respectively. Although there is a trend that time
from stroke onset and hospital admission to DVT formation
was shorter among patients with ICH and SAH than that among
patients with AIS, it was not statistically significant (All P > .05).
d by stroke subtypes. In-hospital DVT after AIS, ICH, and SAH was
y higher among patients with ICH (5.7% vs 1.9%; P < .001) and SAH
ischemic stroke; ICH = intracerebral hemorrhage; SAH = subarach-

https://doi.org/10.1016/j.jvn.2018.10.006
https://doi.org/10.1016/j.jvn.2018.10.006
http://www.sciencedirect.com/journal/journal-of-vascular-nursing


TABLE 2

PATIENT CHARACTERISTICS STRATIFIED BY OCCURRENCE OF VTE

All (N = 1,771) Without VTE (N = 1,705) With VTE (N = 66) P value

Demographics, n (%)

Age, mean � SD 57.1 � 12.9 56.9 � 12.9 62.4 � 12.9 .001

Gender (female) 487 (27.5) 453 (26.6) 34 (51.5) <.001

Stroke risk factors, n (%)

Hypertension 1,147 (64.8) 1,104 (64.8) 43 (65.2) .95

Diabetes mellitus 411 (23.2) 399 (23.4) 12 (18.2) .32

Dyslipidemia 270 (15.2) 263 (15.4) 7 (10.6) .29

Atrial fibrillation 82 (4.6) 75 (4.4) 7 (10.6) .02

Coronary artery disease 197 (11.1) 185 (10.9) 12 (18.2) .06

History of stroke/TIA 344 (19.4) 334 (19.6) 9 (13.6) .23

Current smoking 866 (48.9) 854 (50.1) 12 (18.2) <.001

Comorbidities, n (%)

Congestive heart failure 9 (0.5) 9 (0.5) 0 (0.0) .55

Valvular heart disease 13 (0.7) 12 (0.7) 1 (1.5) .45

Chronic obstructive pulmonary disease 41 (2.3) 38 (2.2) 3 (4.5) .22

Peripheral artery disease 8 (0.5) 7 (0.4) 1 (1.5) .19

Hepatic cirrhosis 24 (1.4) 23 (1.3) 1 (1.5) .91

Peptic ulcer 30 (1.7) 28 (1.6) 2 (3.0) .39

Renal failure 10 (0.6) 8 (0.5) 2 (3.0) .01

Arthritis 21 (1.2) 21 (1.2) 0 (0.0) .36

Cancer 21 (1.2) 20 (1.2) 1 (1.5) .80

Index vascular event <.001

Acute ischemic stroke, n (%) 1,129 (63.7) 1,107 (64.9) 22 (33.3)

Intracerebral hemorrhage, n (%) 314 (17.7) 296 (17.4) 18 (27.3)

Subarachnoid hemorrhage, n (%) 328 (18.5) 302 (17.7) 26 (39.4)

Prestroke dependence (mRS $ 3), n (%) 26 (1.5) 25 (1.5) 1 (1.5) .98

Admission NIHSS score, median (IQR) 3 (1–7) 3 (1–7) 4 (0–12) .36

Admission SBP (mm Hg), median (IQR) 151 (136–167) 151 (137–167) 153 (131–168) .73

Admission DBP (mm Hg), median (IQR) 89 (80–99) 89 (80–99) 87 (78–97) .33

BMI (kg/m2), median (IQR) 25.2 (21.0–29.4) 25.2 (21.0–29.4) 25.2 (21.0–29.4) .40

Blood test

WBC, (109/L), median (IQR) 8.06 (6.45–10.1) 8.03 (6.43–10.3) 9.34 (7.42–11.8) <.001

RBC, (1012/L), median (IQR) 4.63 (4.30–4.97) 4.64 (4.30–4.98) 4.50 (4.15–4.76) .03

HGB, (mmol/L), median (IQR) 143 (132–153) 143 (132–154) 138 (129–145) .008

Platelet, (109/L), median (IQR) 212 (178–247) 211 (178–247) 230 (186–258) .07

TG, (mmol/L), median (IQR) 1.31 (0.98–1.78) 1.31 (0.99–1.78) 1.24 (0.86–1.65) .10

TC, (mmol/L), median (IQR) 4.28 (3.62–5.05) 4.28 (3.62–5.06) 4.38 (3.65–5.12) .50

LDL, (mmol/L), median (IQR) 2.66 (2.06–3.34) 2.66 (2.06–3.34) 2.68 (1.91–3.28) .94

HDL, (mmol/L), median (IQR) 1.06 (0.90–1.28) 1.05 (0.89–1.27) 1.20 (0.95–1.51) .002

Glucose, (mmol/L), median (IQR) 5.08 (4.41–6.46) 5.05 (4.40–6.45) 5.68 (4.84–7.54) .001

Creatine, (mmol/L), median (IQR) 61.8 (51.6–72.1) 61.9 (51.9–72.1) 56.7 (45.0–74.2) .08

(Continued )
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TABLE 2

CONTINUED

All (N = 1,771) Without VTE (N = 1,705) With VTE (N = 66) P value

Antithrombotic agents within
administered 48 h of admission, n (%)

1,200 (67.8) 1,167 (68.4) 33 (50%) .002

DVT prophylaxis within 48 h of
admission, n (%)

1,120 (63.2) 1,067 (62.6) 53 (80.3) .003

Time from onset to admission (d), median
(IQR)

2 (1–4) 2 (1–4) 2 (1–4) .15

Length of hospital stay (d), median (IQR) 14 (11–16) 14 (11–16) 17 (12–26) <.001

BMI = body mass index; DBP = diastolic blood pressure; DVT = deep vein thrombosis; HDL = high-density lipoprotein; HGB = hemoglobin; IQR = in-

terquartile range; LDL = low-density lipoprotein; mRS = modified rankin scale; NIHSS = National Institutes of Health Stroke Scale; RBC = red blood cell;

SBP = systolic blood pressure; SD = standard deviation; TC = total cholesterol; TG, triglyceride; TIA, transient ischemic attack; VTE = venous thrombo-

embolism; WBC = white blood cell.

Bolded values indicates that there is a significant difference between two groups (P < .001).
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Incidence of DVT stratified by stroke subtypes

Incidence of in-hospital DVT stratified by stroke subtypes is
shown in Figure 1. In-hospital DVT rate after AIS, ICH, and SAH
was 1.9%, 5.7%, and 7.9%, respectively. In-hospital DVT rate
was significantly higher among patients with ICH (5.7% vs
1.9%; P < .001) and SAH (7.9% vs 1.9%; P < .001) than that
among patients with AIS (Figure 1).

Association between stroke subtypes and occurrence
of VTE

The association between stroke subtypes and the occurrence
of in-hospital DVT is shown in Table 4. In unadjusted analysis,
patients with ICH (odds ratio [OR] = 3.060; 95% confidence in-
terval [CI] = 1.620–5.780; P < .001) and SAH (OR = 4.332; 95%
CI = 2.421–7.752; P < .001) had significantly higher risk of in-
hospital DVT than those patients with AIS. After adjusting for
all potential confounders, patients with ICH (OR = 7.350; 95%
CI = 2.411–22.13; P < .001) and SAH (OR = 11.92; 95%
CI = 5.192–27.38; P < .001) still had significantly higher risk
of in-hospital DVT than those patients with AIS (Table 4).

Risk factors for in-hospital DVT after acute stroke

Multivariate analysis data for risk factors of in-hospital DVT
after acute stroke are shown in Table 5. Age (P = .02), current
smoking (P < .001), index vascular event of ICH (P < .001)
and SAH (P < .001), admission NIHSS score (P = .003), antith-
rombotic agents administered within 48 hours after admission
(P = .02), and LOS (P < .001) were identified as independent pre-
dictors of in-hospital DVT after acute stroke. C-statistic of the
model was 0.837 (Table 5).
DISCUSSION

In the present study, we aimed to compare the potential risk
of in-hospital DVT by stroke subtypes (AIS, ICH, and SAH). It
was found that patients with ICH had a 7.35-fold and those
with SAH had an 11.9-fold greater risk of developing in-
hospital DVT than patients with AIS. The highest risk of DVT
formation was within the first 2 weeks, especially the first weeks
after onset. Age, current smoking, stroke subtypes, admission
NIHSS score, antithrombotic agents administered within 48 hours
after admission, and LOS were identified as independent predic-
tors of in-hospital DVT after stroke.

The time course of DVT formation after stroke, especially for
different stroke subtypes, remains poorly understood despite its
contribution to mortality and morbidity. As a result, optimal
time of VTE prophylaxis and duration of therapy are uncertain.
In the study, it was found that the median time from stroke onset
to DVT formation after AIS, ICH, and SAH was 10.5 days (IQR:
3.8–14.5), 7.5 days (IQR: 4.0–9.5), and 7.0 days (IQR: 5.0–12.5),
respectively. These data indicated that three quarters of in-
hospital DVT occurred within the first 2 weeks, and one half
developed around the first week after onset. In addition, there
was a trend that in-hospital DVT formation was earlier among
patients with hemorrhagic stroke (ICH and SAH) than that
among patients with AIS. It is helpful to take these kinds of in-
formation into account when making individualized VTE pro-
phylaxis strategies after stroke.

Clarifying the potential risk of DVT by stroke subtypes will
be an important step toward determining the most effective and
safest prophylaxis strategies. A prior study has shown higher
incidence of DVT in patients with hemorrhagic stroke than in pa-
tients with ischemic stroke.14,15 However, these studies were
based on either the National Hospital Discharge Survey15 or
Maryland Health Services Cost Review Commission data
base.14 Relevant information on important confounders, such
as antithrombotic therapy and NIHSS score, was not collected.
To the best of our knowledge, we are the first to make a system-
atic face-to-face comparison on the potential risk of in-hospital
DVT by three different stroke subtypes (AIS, ICH, and SAH).
After adjusting for potential confounders (including antithrom-
botic therapy and NIHSS score), it was shown that patients
with ICH had a 7.35-fold and SAH 11.9-fold greater risk of in-
hospital DVT than patients with AIS (Table 4). These data point
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TABLE 3

TIMING OF IN-HOSPITAL DVT FORMATION STRATIFIED BY STROKE SUBTYPES (N = 66)

Time From Stroke Onset to DVT Detection (D) Time From Admission to DVT Detection (D)

Mean � SD Median (IQR) Mean � SD Median (IQR)

AIS cohort 12.3 � 11.1 10.5 (3.8–14.5) 7.7 � 9.7 5.0 (2.0–9.5)

ICH cohort 8.0 � 5.6 7.5 (4.0–9.5) 5.8 � 6.1 4.0 (1.0–7.2)

SAH cohort 8.4 � 4.9 7.0 (5.0–12.5) 6.7 � 5.0 5.5 (3.0–10.0)

AIS = acute ischemic stroke; DVT = deep vein thrombosis; ICH = intracerebral hemorrhage; IQR = interquartile range; SAH = subarachnoid hemorrhage;

SD = standard deviation.
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out the need for more aggressive VTE prophylaxis among pa-
tients with ICH and SAH than in patients with AIS. It is more sig-
nificant for ICH management because that treatment for ICH
remains strictly supportive with not many evidence-based inter-
ventions currently available. According to the American Heart
TABLE 4

ASSOCIATION BETWEEN STROKE SUBTYPES AND O

Category

Unadjusted model ICH vs AIS

SAH vs AIS

Adjusted models

Model 1 ICH vs AIS

SAH vs AIS

Model 2 ICH vsAIS

SAH vs AIS

Model 3 ICH vs AIS

SAH vs AIS

Model 4 ICH vs AIS

SAH vs AIS

Model 5 ICH vs AIS

SAH vs AIS

AIS = acute ischemic stroke; BMI = body mass index; CI = confidence interva

hemoglobin; ICH = intracerebral hemorrhage; LDL = low-density lipoprotein; m

Scale; OR = odds ratio; SAH = subarachnoid hemorrhage; TC = total cholester

boembolism; WBC = white blood cell.

Model 1 adjusted for demographics (age and gender).

Model 2 adjusted for demographics, stroke risk factors (hypertension, diabetesme

TIA, and current smoking), comorbidities (congestive heart failure, valvular hea

hepatic cirrhosis, peptic ulcer or previous gastrointestinal bleeding, renal failure

Model 3 adjusted for demographics, stroke risk factors, comorbidities, prestrok

Model 4 adjusted for demographics, stroke risk factors, comorbidities, prestrok

admission blood tests (WBC, HGB, platelet, TG, TC, LDL, HDL, glucose, and

Model 5 adjusted for demographics, stroke risk factors, comorbidities, prestroke

tests, antiplatelet agents administered within 48 hours after admission, DVT pr
Association/American Stroke Association guidelines for ICH
management, patients with ICH should have intermittent pneu-
matic compression for prevention of VTE from the day of hospi-
tal admission (class I; level of evidence, A). After documentation
of cessation of bleeding, low-dose subcutaneous low-molecular-
CCURRENCE OF IN-HOSPITAL VTE (N = 1,771)

OR 95% CI P

3.060 1.620–5.780 <.001

4.332 2.421–7.752 <.001

3.310 1.732–6.325 <.001

4.387 2.354–8.173 <.001

3.186 1.609–6.307 <.001

4.537 2.313–8.900 <.001

3.090 1.544–6.186 .001

6.606 3.224–13.53 <.001

3.867 1.723–8.682 .001

7.227 2.966–17.61 <.001

7.305 2.411–22.13 <.001

11.92 5.192–27.38 <.001

l; DVT = deep vein thrombosis; HDL = high-density lipoprotein; HGB =

RS = modified Rankin Scale; NIHSS = National Institutes of Health Stroke

ol; TG, triglyceride; TIA, transient ischemic attack; VTE = venous throm-

llitus, dyslipidemia, atrial fibrillation, coronary heart disease, history of stroke/

rt disease, chronic obstructive pulmonary disease, peripheral artery disease,

, arthritis, dementia, and cancer), and prestroke dependence (mRS > 3).

e dependence, and admission NIHSS score.

e dependence, admission NIHSS score, BMI, admission blood pressure, and

creatine).

dependence, admission NIHSS score, BMI, admission blood pressure, blood

ophylaxis, and length of hospital stay.
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TABLE 5

MULTIVARIATE ANALYSIS OF RISK FACTORS FOR IN-HOSPITAL DVTAFTER ACUTE STROKE (N = 1,771)

B SE OR 95% CI P

Age (per year increase) 0.0264 0.0115 1.027 1.004–1.050 .02

Current smoking (yes) �1.3490 0.4028 0.260 0.118–0.572 <.001

Index vascular event

Acute ischemic stroke — — 1.000 — —

Intracerebral hemorrhage 1.9885 0.5656 7.305 2.411–22.13 <.001

Subarachnoid hemorrhage 2.4784 0.4241 11.92 5.192–27.38 <.001

Admission NIHSS score (per score increase) 0.0594 0.0199 1.061 1.021–1.103 .003

Antithrombotic agents administered within 48 h of admission (yes) �0.9631 0.4297 0.382 0.164–0.886 .02

Length of stay (per day increase) 0.0696 0.0161 1.072 1.039–1.106 <0.0001

c-statistic 0.837

BMI = body mass index; CI = confidence interval; DVT = deep vein thrombosis; NIHSS = National Institutes of Health Stroke Scale; OR = odds ratio; SE =

standard error.

Adjusted for demographics, stroke risk factors, comorbidities, prestroke dependence, admission NIHSS score, BMI, admission blood pressure, blood tests,

antithrombotic agents administered within 48 hours after admission, DVT prophylaxis, and length of hospital stay.

Probability of in-hospital DVT is calculated by P = eY/(1 + eY), where Y = a + b1X1 + b2X2 + . + biXi.
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weight heparin or unfractionated heparin may be considered for
prevention of VTE in patients with lack of mobility after 1 to
4 days from onset (class IIb; level of evidence, B). Further studies
focusing on the optimal time of initiating the anticoagulation
therapy, type and dosage of anticoagulation medications, and
duration of treatment for VTE prophylaxis for hemorrhagic
stroke (ICH and SAH) are warranted.19

Potential mechanisms underlying the phenomenon that hemor-
rhagic stroke (ICH and SAH) has a significantly higher risk of
developing in-hospital DVT than AIS are unclear. One might
argue that it was due to the higher rate of antithrombotic therapy
among patients with ischemic stroke and more severe neurological
deficit for patients with hemorrhagic stroke. In this study, we sys-
tematically adjusted for demographics, stroke risk factors, coexist-
ing comorbidities, admission NIHSS score, antithrombotic
therapy, VTE prophylaxis, and LOS when investigating the asso-
ciation between stroke subtypes and occurrence of in-hospital
DVT (Table 3). It is interesting that patients with SAH had the
lowest level of focal neurological deficit measured with NIHSS
score at admission (Table 1); however, they had the highest risk
of in-hospital DVT after onset. Together, these data indicated
that besides traditional risk factors of developing DVTafter stroke,
such as paralysis or hemiparesis, there might be some other predis-
posing factors. Previous studies have suggested that there would
be a sequential response involving activation of the coagulation
cascade, platelet plug formation, and upregulation of endogenous
defense mechanisms after hemorrhagic stroke.31–34 We speculated
that activation of an endogenous coagulation system might play an
important role in increasing the risk of in-hospital DVTafter hem-
orrhagic stroke compared with after ischemic stroke. Hemostasis,
a defense system to maintain the integrity of the circulatory sys-
tem, occurs through a process of blood clotting and subsequent
dissolving of the clot after repair of the injured tissue. In the setting
of hemorrhagic stroke, hemostasis would be a protector of brain
from rebleeding; however, it might be a potential risk factor for
developing DVT in peripheral venous circulation at the same
time. Pathophysiologic mechanisms on higher risk of in-hospital
DVT after hemorrhagic stroke than after ischemic stroke need to
be further investigated.

Currently, there is a lack of evidence-based method for pre-
dicting the potential risk of DVT after stroke. Prior studies
have indicated several factors associated with the occurrence of
DVT, such as age,11,17,23,35 smoking,22,35–37 congestive heart
failure,23,35 obesity,11,23,35 severity of paralysis,5,8,11,17,23,38

dehydration,35,39 prothrombotic state,1,23 malignancy,11 kidney
disease,40 and LOS.22,24 Consistent with these studies, we
confirmed that age, current smoking, index vascular event of
ICH and SAH, admission NIHSS score, antithrombotic agents
administered within 48 hours after admission, and LOS were
independent predictors of in-hospital DVT after stroke. C-statis-
tics of the model for predicting in-hospital DVT was 0.837. It
might be a useful tool to identify a population at high risk for
developing in-hospital DVT after stroke. Further studies to vali-
date the model in larger samples are warranted.
Limitations

Our study has limitations that deserve mention. First, similar
to all observational studies, we cannot rule out the possibility that
additional variables (unmeasured confounders) might have some
impact on the potential risk of developing in-hospital DVT after
stroke, such as markers of hemostatic activation. Second,
detailed information on type, dosage, frequency, duration, and
combination of different VTE prophylaxis treatments (chemical
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vs mechanical prophylaxis) was not recorded. In comparison
with patients with ischemic stroke, hemorrhagic stroke patients
are often not receiving antithrombotic therapy due to the risk
of extending intracranial hemorrhage, and mechanical prophy-
laxis is the preferred choice. A prior study indicated that chem-
ical prophylaxis is superior to mechanical prophylaxis for VTE
prevention.41 This might be, at least partially, a potential reason
for the higher risk of in-hospital DVT among patients with hem-
orrhagic stroke than that among patients with ischemic stroke.
Finally, our study included only hospitalized patients, and those
patients died in emergency room or treated in outpatient clinics
were not included. In addition, this study focused on the risk of
DVT during acute hospitalization after stroke. It is important
for further studies to clarify the potential risk of DVT in subacute
and chronic phases by stroke subtypes.

CONCLUSION

In conclusion, patients with hemorrhagic stroke (ICH and
SAH) have significantly higher risk of in-hospital DVT than pa-
tients with AIS. Further studies to clarify potential pathophysio-
logical mechanisms underlying this phenomenon are warranted
as it would pave ways to develop individualized VTE prophy-
laxis strategies and improve stroke outcome.
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