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Abstract

Background: Deep Vein Thrombosis (DVT) is a common complication in patients with hemorrhagic stroke. Prophylaxis and treat-
ment of DVT in these patients is very difficult because there are some limitations regarding the use of anticoagulant drugs.
Objectives: The purpose of this study was to compare the effectiveness of knee-high and thigh-high graduated compression stock-
ings in preventing DVT in patients with hemorrhagic stroke.
Methods: In this clinical trial, 88 patients with hemorrhagic stroke were randomly assigned to two groups to receive either thigh-
high or knee-high graduated compression stockings as prophylaxis for DVT. The prevalence of DVT was studied using clinical symp-
toms and Doppler ultrasound. Chi-square and Mann Whitney U tests were used to analyze the data.
Results: In the thigh-high stockings group, 11 patients (26.8%) and in the knee-high stockings group, 18 patients (38.3%) were affected
by DVT during the study. However, no significant difference was observed between the two groups (P = 0.25).
Conclusions: There was no significant difference between the two groups in the incidence of DVT. Therefore, either knee-high or
thigh-high stockings can be used as prophylaxis, depending on patients’ will, cost and ease of use.
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1. Background

Deep Vein Thrombosis (DVT) is a serious complication
in patients with movement disorders, especially in those
with cerebral vascular accident (CVA). Muscle weakness,
paralysis of the lower limbs and DVT are common in pa-
tients with CVA (1). According to the Virchow’s triad, the
predisposing factors for DVT include: venous blood stasis,
damages to the venous endothelium, and altered blood
coagulation (2). All patients with CVA are at risk of DVT
and pulmonary embolism so that 40% of them experience
DVT in the first three weeks of the disease. About 18% of
the DVTs occur in areas above the knees (3). Additionally,
symptomatic pulmonary embolism occurs in 1% - 16% of
patients with CVA, who have developed DVT (4). Deep Vein
Thrombosis and pulmonary embolism are amongst the
main causes of mortality and morbidity in these patients
(5).

The methods for prevention of DVT are generally
divided to two groups: mechanical and drug preven-
tion. The most important mechanical interventions in-
clude: anti-thrombosis compression stockings, intermit-
tent compression devices and physiotherapy. Drug inter-
ventions included the use of heparin, enoxaparin and war-

farin. The low risk, ease of use and low cost are the most
important factors in selecting one of the methods. Based
on these factors, the use of mechanical prophylaxis is more
common (6, 7). Due to the risk of development or exacer-
bation of intracranial bleeding, chemoprophylaxis is not
recommended for patients with stroke and especially in
hemorrhagic stroke. For this reason, the current guide-
lines do not recommend the use of anticoagulants in these
patients for the prevention of DVT. However, they empha-
size on mechanical prophylaxis especially the use of com-
pression stockings (8-16).

Anti–thrombosis compression stockings prevent DVT
by reducing venous stagnation and increasing blood flow
in the legs. They also improve the patients’ quality of life
by improving the performance of venous valves, increas-
ing the speed of venous drainage, controlling edema and
reducing symptoms in the legs (5, 12-15). These stockings
are categorized into thigh-high and knee-high graduated
compression stockings. Currently, there is much contro-
versy for selecting one of these types of anti-thrombosis
stockings in patients with hemorrhagic stroke. Knee-high
stockings are less expensive and more comfortable than
thigh-high stockings (16). However, some studies recom-
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mend the use of thigh-high stockings for the prevention
of DVT, because they completely cover the legs (17, 18). Cur-
rently, there is little data comparing between the impacts
of these two types of compression stockings in the preven-
tion of DVT in patients with hemorrhagic stroke.

2. Objectives

This research aimed to compare the effectiveness of
knee-high and thigh-high graduated compression stock-
ings in the prevention of DVT in patients with hemorrhagic
stroke hospitalized at the Askariyeh hospital, Isfahan, Iran.

3. Methods

This randomized clinical trial was conducted from De-
cember 2013 to May 2015, on all patients with hemorrhagic
stroke hospitalized at the intensive care unit of Askariyeh
hospital, Isfahan, Iran. A consecutive sampling method
was used to recruit all patients matching the inclusion cri-
teria. Finally, 95 patients were entered in the study. The
inclusion criteria included having a medical diagnosis of
hemorrhagic stroke, lower limb hemiplegia, absence of
DVT in Doppler ultrasound on the first day, and lack of any
coagulation disorder in the admission tests. Exclusion cri-
teria included: death of a patient during the study, lack of
cooperation in the use of stockings, and failure to perform
control Doppler ultrasound for any reason. Using a block
randomization method, the patients were randomly as-
signed to the two groups to use either thigh-high or knee-
high compression stockings (Cotton 200, open toe stock-
ings, Sigvaris Co., Switzerland). According to the manufac-
turer’s guideline, these graduated compression stockings
apply a pressure of 21 mmHg on the ankle and this pressure
decreases in upper areas so that it reaches 18 mmHg in the
groin area.

In the study setting, knee-high stockings and physio-
therapy are routinely used as prophylaxis procedures for
the prevention of DVT in stroke patients. Therefore, the
group with thigh-high stockings was considered as the in-
tervention group. Finally, 47 patients were placed in the in-
tervention group and 48 patients in the control group.

3.1. The Procedures

According to the manufacturer’s guide, the stockings
were covered on the target organ in the morning, after
waking the patient (around 7 - 7:30 am) and were removed
at night, before sleeping (around 22 - 23 pm). On a daily ba-
sis and about 13 - 14 pm, the stockings were removed from
the patient’s leg by the researcher and the clinical symp-
toms of DVT (i.e. swelling in the posterior legs, ankle and

thigh; an increase in the leg’s circumference, and visibil-
ity of the leg’s surface vessels) and the possible side effects
of stockings (i.e. skin irritation and ulceration) were as-
sessed. Then, the stockings were applied again in the target
organ. If a patient was discharged during the study period
(before the tenth day), one of the first degree relatives of
the patient was selected and trained on how to apply and
remove the stockings according to the guidelines provided
by the manufacturer. Each patient was visited by the first
researcher on a daily basis and for ten consecutive days,
for assessment of the clinical symptoms for DVT. In cases
of positive clinical symptoms, a Doppler ultrasound was
performed immediately and if the results were positive for
DVT, they were documented and the concerned neurolo-
gist was informed immediately to start specific therapeu-
tic interventions for the treatment of DVT and prevention
of secondary complications such as pulmonary embolism.
Otherwise, the daily visits were continued till the tenth day
and then a Doppler ultrasound was performed. If a pa-
tient was discharged before the tenth day, a first degree rel-
ative, who was trained, performed the daily assessments
and reported the results to the researcher through daily
telephone calls that were made by the first researcher.

3.2. Measurements

Data collection tools included two checklists and a
Doppler ultrasound machine. The first checklist included
questions on patient’s demographic characteristics such
as age, gender, weight, education level, occupation, and
marital status. Also, there were questions on the patient’s
level of consciousness on arrival to the intensive care unit
based on the Glasgow Coma scale (GCS), type of hemiple-
gia (left or right), the level of mobility before the stroke
(i.e. complete immobility, relative mobility (the presence
of physical dependence on others to perform daily tasks)
and full mobility (lack of physical dependence on others
to perform daily tasks)). Moreover, the risk factors of DVT,
such as history of DVT and pulmonary embolism, the use
of anticoagulant drugs (i.e. heparin, warfarin and aspirin),
history of coagulopathies (i.e. impairment of PT, PTT, INR
and CBC) and high blood pressure were evaluated. The sec-
ond checklist included questions on clinical symptoms of
DVT (i.e. axillary temperature above 37.8°C, swelling in the
posterior leg, ankle and the thigh and outstanding superfi-
cial vessels of the legs), symptoms of pulmonary embolism
(i.e. respiratory disorders, cough with blood, chest pain
at the time of admission and up to ten days after a hem-
orrhagic stroke, results of Doppler ultrasound on the day
of arrival and the tenth day of trial, the onset of clinical
symptoms of DVT, the day that the results of Doppler ul-
trasound for DVT was positive as well as the laboratory re-
sults at patient admission (PT, PTT, INR and CBC)). The ap-
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plied Doppler ultrasound device in this research was Medi-
son X8 Doppler Ultrasound model that was made in South
Korea and all the patients were evaluated by a radiologist
through the Doppler ultrasound.

3.3. Ethical Consideration

This study was approved by the ethical committee of
Kashan University of Medical Sciences (Registration num-
ber T/29/5/1/4076). All patients and one of their first-
degree relatives signed a written informed consent form.
They were also informed about the study objectives and
the process of the study and that they were free to with-
draw from the study. This study was registered at the Ira-
nian clinical trial registry and the registry number was
IRCT2013120815708N1.

3.4. Data Analysis

Data analysis was performed using the SPSS version 13
software. Due to the lack of normal distribution of data
in the Kolmogorov-Smirnov test, Chi-square test was used
to compare the qualitative variables of the two groups (i.e.
gender, marital status, educational level, job, incidence of
DVT). Moreover, Mann Whitney U test was implemented to
compare quantitative variables such as age, weight, admis-
sion libratory tests, GCS, and hospitalization duration. The
level of significance was set at below 0.05.

4. Results

Of the 95 patients, one from the control group and six
from the intervention group were excluded and finally, 41
patients in the intervention group and 47 patients in the
control group remained in the study (Figure 1).

The demographic characteristics of patients are shown
in Table 1. There was no significant difference between the
control and intervention groups in terms of demographic
characteristics. Moreover, there were no significant differ-
ences between the two groups in the admission laboratory
tests (PT, PTT, INR and CBC), mean GCS and hospitalization
duration (Table 2). Furthermore, 80.68% of the patients (71
ones) had full mobility before the stroke, and 51.13% and
48.86% had right and left hemiplegia, respectively. How-
ever, no significant difference was found between the two
groups in the type of hemiplegia (Table 1).

Overall, 29 patients (11 in the intervention group and 18
in the control group) were diagnosed with DVT during the
study. Although, the prevalence of DVT was higher in the
control group, no statistically significant difference was
observed between the two groups (Table 3).

Table 1. The Patients’ Demographic Characteristicsa

Variables Group P Value

Intervention Control

Gender 0.17b

Male 17 (47.7) 21 (55.3)

Female 24 (48) 26 (52)

Marital status 0.56b

Married 36 (45.6) 43 (54.4)

Single 5 (55.6) 4 (44.4)

Educational level 0.27b

Illiterate 10 (66.7) 5 (33.3)

Elementary 21 (41.2) 30 (58.8)

Secondary or higher 10 (45.4) 12 (54.6)

Job 0.63b

Housewife 23 (48.9) 24 (51.1)

Laborer 10 (45.5) 12 (54.5)

Employee and other
businesses

8 (42.1) 11 (57.9)

Mobility disorders before
stroke

0.26b

Dependence on others
in motion

10 (24.3) 7 (14.8)

Lack of dependence 31 (75.6) 40 (85.1)

Hemiplegia 0.19b

Right 24 (58.5) 21 (44.6)

Left 17 (41.4) 26 (55.3)

Age, y 71.92 ± 11.39 68.63 ± 11.25 0.17c

Weight, kg 72.80 ± 9.82 73.70 ± 8.11 0.64c

aValues are expressed as No. (%) or mean ± SD.
bChi-Square test was performed.
cMann-Whitney U test was performed.

5. Discussion

In the present study, 26.8% of the stroke patients in
the intervention group (i.e. those who received thigh-
high stockings) and 38.3% of the control group (i.e. those
who received knee-high stockings) were diagnosed with
DVT during the first ten days of hospitalization. Although
the prevalence of DVT was considerably higher in the
control group, the difference between the two groups
was not statistically significant. However, it seems that
thigh-high stockings are clinically more effective and the
non-significant results of the statistical tests might be at-
tributed to the small sample size of the study groups. A
number of previous studies have also compared thigh-
high and knee-high stockings. In a study in 2010, thigh-
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Excluded  (n = 6)  
-  4 Patients Died Before the Tenth 
Day. 
-  2 Patients Were Not Accessible to  

Perform the Control Doppler 
Ultrasound.  

Assessed for Eligibility (n = 95  )  

Allocated to Control Group (n = 47) 

Control Group   (n = 48) 

Allocated to Intervention Group (n = 41) 

 

Randomized  (n = 95) 

Intervention Group    (n = 47) 

Excluded  (n = 1)  
-  Uncooperative Patient  
to Use Socks (n = 1)  
 

Lost to Follow-Up (n = 0) Lost to Follow-Up (n = 0) 

Analyzed (n = 47) Analyzed (n = 41)  

Figure 1. Consort Flow Diagram

Table 2. Mean and Standard Deviation and Inter-Quartile Range of Patients’ Characteristicsa

Variable Group P Valueb

Intervention Control

Mean± SD IQR (Q3-Q1) Mean± SD IQR (Q3-Q1)

Prothrombin time (PT) 12.95 ± 0.77 13 - 13 12.38 ± 0.96 13 - 12 0.31

Partial thromboplastin time (PTT) 29.97 ± 3.25 32.50 - 27.50 29.02 ± 2.93 32 - 26 0.15

International normalized ratio (INR) 0.99 ± 0.13 1.10 - 0.90 0.98 ± 0.13 1.10 - 0.90 0.75

Hemoglobin 14.20 ± 1.34 15.10 - 13 14.10 ± 1.15 15 - 13 0.69

Hematocrit 45.04 ± 4.48 50 - 42 44.44 ± 4.15 49 - 41 0.51

Glasgow Coma Score (GCS) 11.02 ± 1.27 12 - 10 10.91 ± 1.50 12 - 10 0.71

Hospitalization duration, day 11.19 ± 3.85 13 - 8 10.89 ±3.91 13 - 8 0.71

aValues are expressed as No., mean ± SD or inter-quartile range.
bMann-Whitney U test.

high stockings were more effective than knee-high stock-
ings in the prevention of DVT in patients with CVA (17).
Amin et al. also reported similar results in a retrospec-

tive study that examined the rate of DVT in patients with
acute ischemic stroke (18). However, Dennis et al. reported
that thigh-high stockings have no significant effect on re-
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Table 3. Distribution of Deep Vein Thrombosis in Patientsa

Deep Vein
Thrombosis

Group P Value
(Chi-Square)

Intervention Control

Positive 11 (26.82) 18 (38.29) 0.254

Negative 30 (73.18) 29 (61.71)

aValues are expressed as No. (%).

ducing the risk of DVT of the proximal lower limbs in pa-
tients with stroke (5). Sajid et al. (19) also conducted a
systematic review to compare knee versus thigh-high com-
pression stockings in the prevention of DVT in surgical pa-
tients. They reported that the difference was not statisti-
cally significant and concluded that knee-high stockings
might be better in terms of cost and ease of use. In another
review study, Roderick et al. (20) investigated the effects of
knee-high versus thigh-high stockings and reported that
also both types were effective in the prevention of DVT; it
was not possible to conclude which one was more effective.

The sample size and the duration of follow up were
limited in this study and both might affect the results.
Therefore, it is suggested that similar studies should be
conducted with larger sample sizes and longer follow up.
Moreover, due to the hemorrhagic nature of the stroke in
this study, we had limitations in prescribing anticoagulant
medications, while in some of the earlier studies the pa-
tients received such medications simultaneous with com-
pression stockings. The results of the present study might
not be completely comparable with previous studies.

In conclusion, although the incidence of DVT was
somewhat higher in those who used knee-high stockings,
however, the difference observed was not statistically sig-
nificant. Therefore, regarding the ease of use, the cost of
stockings and the patient tolerance, one type of stockings
can be used.
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