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Abstract: Although compression therapy has been widely used after

deep vein thrombosis (DVT), its efficacy in prevention of postthrom-

botic syndrome (PTS) remains disputable. We aimed to update the meta-

analysis to comprehensively evaluate the effect of compression therapy

on the prevention of PTS in adult patients after DVT.

PubMed, Embase, and Cochrane library databases were system-

atically searched. Randomized controlled trials (RCTs) evaluating the

preventive effect of compression therapy on PTS in adult patients after

DVT were included. The primary outcome was the incidence of PTS.

All meta-analyses were performed using random-effects models regard-

less of the heterogeneity. Subgroup and sensitivity analysis were also

performed to examine the robustness of the pooled effects according to

our predesigned plan. Potential publication bias was assessed.

Eight RCTs with 1598 patients were included. Overall, compression

therapy could significantly reduce the incidence of PTS (estimate 0.68,

95% confidence interval [CI] 0.52–0.90; P¼ 0.007). However, it was

only associated with a reduction in the incidence of mild/moderate PTS

(relative risk [RR] 0.66, 95% CI 0.46–0.93; P¼ 0.019) but not in the

incidence of severe PTS (RR 0.64, 95% CI 0.27–1.50; P¼ 0.31).

Additionally, compression therapy failed to reduce the incidence of

recurrent venous thromboembolism (RR 0.91, 95% CI 0.65–1.27;

P¼ 0.58), the incidence of ulceration (RR 0.74, 95% CI 0.36–1.53;

P¼ 0.42), or mortality (RR 0.99, 95% CI 0.72–1.37; P¼ 0.96). No

publication bias was observed.

Current evidence still supports compression therapy to be a clinical

practice for prophylaxis of PTS in adult patients after DVT. However,

our findings should be cautiously interpreted because of heterogeneity

and hence more large-scale and well-designed RCTs are still warranted.

(Medicine 94(31):e1318)
-Jing Luo, MSc, Ke ng Li, MD,
n Wu, MD

PRISMA = Preferred Reporting Items for Systematic Reviews and

Meta-Analyses, PTS = postthrombotic syndrome, RCT =

randomized controlled trial, RR = relative risk, VPS = Villalta-

Prandoni scale.

INTRODUCTION

P ostthrombotic syndrome (PTS) is increasingly recognized to
be a frequent long-term complication of deep vein throm-

bosis (DVT). It is characterized by chronic, persistent pain,
swelling, and even venous ulcers in severe cases,1,2 and the
diagnosis of PTS is generally deferred after 6 months.1 The
prevalence of PTS is reported to vary from 20% to 81.8%3–10

and 5% to 23.5% of them are severe cases.3,6,10 The variation of
the incidence is partly due to different follow-ups and it is
reported that the prevalence increases as time goes on.1 PTS is
associated with poorer health-related quality of life, limited daily
social and physical activity, and psychological distress.11,12

Moreover, the average health care cost of DVT accompanied
with PTS was estimated to be>10 times higher than DVT only.13

Furthermore, it was estimated that 2 million workdays were lost
annually in the United States resulting from PTS-induced leg
ulcers.14,15 Given its considerable prevalence and socioeconomic
burden, the prevention of PTS is of great importance.

Compression therapy, a noninvasive method of wearing
elastic compression stockings or bandages on the affected leg,
was reported to improve microcirculation and prevent PTS by
reducing venous hypertension and reflux in patients with
DVT.16,17 Consistently, the beneficial effect of compression
therapy was confirmed by several clinical trials3,5,6 and meta-
analyses.18,19 However, this seductive finding was not validated
by subsequent studies.4,7–10 With increasing published evi-
dences,9,10 we decided to update the meta-analysis of random-
ized controlled trials (RCTs) to solve the disputes and
comprehensively evaluate the effect of compression therapy
on prevention of PTS in patients with DVT.

METHODS
This systematic review and meta-analysis was performed and

reported according to Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) (Additional file 1, http://
links.lww.com/MD/A356).20 As all analyses were performed
based on previous published researches, the ethical approval
and patient consent are not required. Two investigators indepen-
dently conducted the literature search, data extraction, and quality
assessment. Any disagreements were solved by discussion.
nd Inclusion Criteria
, and Cochrane Library were searched
ption to June 2015) by combining text
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then all patients were encouraged to receive compression
therapy. The pressure of the compression therapy ranged from
20 to 40 mm Hg in all studies except one without reporting.5
words and subject terms. No additional limitation was imposed,
and the detailed search strategy was shown in an additional
DOC file (Additional file 2, http://links.lww.com/MD/A356).
The references of identified articles and relevant reviews were
manually checked via full-text screening.

Inclusion criteria included the following: Study popu-
lations: adult patients undergoing DVT; Intervention: com-
pression therapy; Control: placebo or no treatment; Outcome:
the incidence of PTS; and Study design: RCT.

Data Extraction and Outcome Measures
The following information was extracted by using the

predesigned forms: first author, year of publication, sample size,
characteristics of patients, cointervention, intervention of com-
pression therapy, control, interval between diagnosis and treat-
ment, follow-up, diagnosis criteria of PTS, the incidence of PTS,
the incidence of mild/moderate PTS, the incidence of severe PTS,
the incidence of recurrent venous thromboembolism, the inci-
dence of ulceration, and the mortality. Corresponding authors
were contacted, in case essential data were unavailable. In
addition, the hazard ratio (HR) was obtained from the survival
curve with the method supplied by Tierney et al21 if necessary.

The primary outcome was the incidence of PTS, including
mild/moderate PTS and severe PTS. Secondary outcomes
included the incidence of recurrent venous thromboembolism,
the incidence of ulceration, and the mortality.

Risk of Bias Assessment
The quality of included studies was assessed in accordance

with Cochrane Collaboration’s tool for risk of bias assess-
ment,22 which covers 6 aspects as follows: selection bias
(random sequence generation, allocation concealment), per-
formance bias (blinding of participants, blinding of personnel),
attrition bias (incomplete outcome), detection bias (blinding of
outcomes assessments), reporting bias (selective reporting), and
other potential source of bias. Each item was rated as low, high,
or unclear risk, and the overall risk of bias of a study was
concluded by summarizing all the 6 aspects. The summary risk
of bias was considered to be low (low risk in all domains), high
(high risk in one or more domains), or unclear (low or unclear
risks in all domains).

Statistical Analysis
For the primary outcome, the effect of compression

therapy, compared with placebo or no treatment, was expressed
as relative risk (RR) with 95% confidence interval (CI) or HR
with 95% CI in the included trials. For the secondary outcomes,
differences were all expressed as RR with 95% CI. Suffering
less from selection bias in relation to the endpoints, HR was
treated as RR and preferred to be used in the meta-analysis when
combining the effect sizes (ESs). Random-effects models were
used in all meta-analyses regardless of the heterogeneity. The
inconsistency across studies was tested by using the I2 statistic
and Q test. I2 statistic represents the proportion of variation on
account of the heterogeneity instead of chance and is perceived
to be low (25% � I2 < 50%), moderate (50% � I2 < 75%), and
high (I2 � 75%). I2 � 50% and Q test with P< 0.10 suggested
significantly high heterogeneity.23 To reduce the likelihood of
spurious results, subgroup analyses were prespecified.
Additionally, sensitivity analyses according to several exclusion

Tie et al
criteria and by omitting one study and pooling the others in each
turn were also performed. Potential publication bias was
assessed by inspecting the funnel plot and statistically detected

2 | www.md-journal.com
by Egger test.24 A 2-sided P< 0.05 was considered statistically
significant except where it was emphasized particularly. All
statistical analyses were performed with Stata 12.0 software
(StataCorp, College Station, TX) except the risk of bias was
evaluated by using Review Manager Version 5.1 (The Cochrane
Collaboration, Software Update, Oxford, UK).

RESULTS

Study Identification and Selection
Six hundred and fifty-nine studies were identified by initial

database search. Of them, 68 were excluded due to duplications,
and 578 excluded via screening titles and abstracts. After
detailed assessment of the remaining 13 studies, 4 were
excluded because of ineligible control and outcome,25 abstract
publications of the included full-texts,26,27 and study protocol.28

Additionally, one29 was retrieved by hand-searching. Therefore,
10 studies3–10,29,30 were eligible for the systematic review and 8
of them3–10 were included in the meta-analysis. Flow chart of
the study identification process is presented in Figure 1.

Study Characteristics
Table 1 summarizes the baseline characteristics of the 8

eligible RCTs. They were published from 1997 to 2014 and
enrolled 37 to 803 patients with a total of 1598. The follow-up
varied from 1 to 6.3 years and the incidence of PTS in the
control was between 20% and 84.8%. Six trials3,4,6,8–10 only
enrolled patients with a first episode of DVT, whereas the
remaining two5,7 recruited those with a first or recurrent
DVT. The comparison group was blank control in 6 stu-
dies3,5–9 and placebo control in the other two.4,10 Interval from
DVT diagnosis to intervention was <48 hours,9 <3 weeks,3,6,10

6 months,7 and 1 year,4 respectively. However, patients in 2
studies5,8 were immediately randomized to treatment or control
group, but the intervention only lasted within the acute stage and

Medicine � Volume 94, Number 31, August 2015
FIGURE 1. Identification process for the RCTs included in the
meta-analysis. RCT¼randomized controlled trial.
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PTS was defined in accordance to Villalta-Prandoni scale
(VPS),3,5,6,8–10 Ginsberg criteria,4 or Clinical–Etiology–Ana-
tomic–Pathophysiologic scoring system.7 Outcome data of
each included study are supplemented in Table S1 (Additional
file 3, http://links.lww.com/MD/A356).

Risk of Bias Assessment
Risks of bias of included studies are shown in Figure 2. Six

studies3,5–9 had performance bias for the intervention not blinded
to patients. One7 had detection bias because clinical follow-up
examinations were done by specialists who were not blinded to
treatment allocation. Additionally, other potential biases existed
in 2 studies due to premature termination of recruitment4 and
modification of the study protocol,10 respectively.

The Primary Outcome: PTS
Eight studies, with a total of 1598 patients (814 in com-

pression therapy group and 784 in the control group), were
eligible to evaluate the effect of compression therapy on the
prevention of PTS. Overall, compression therapy could signifi-
cantly decrease the incidence of PTS (estimate 0.68, 95%
CI 0.52–0.90; P¼ 0.007), with moderate heterogeneity
(I2¼ 67.0%; P ¼ 0.003; Figure 3). The result remained con-

Tie et al
H

sistent with the pooled effect by combining RRs (RR 0.73, 95%
CI 0.56–0.95; P¼ 0.021; I2¼ 76.5%; PH< 0.001; Figure S1,
Additional file 4, http://links.lww.com/MD/A356). However,

FIGURE 2. Risk of bias assessment. (A) Risk of bias summary. (B) Risk

4 | www.md-journal.com
the pooled RR of 4 studies showed that compression therapy
could reduce the incidence of mild/moderate PTS (RR 0.66,
95% CI 0.46–0.93; P¼ 0.019; I2¼ 72.8%; PH¼ 0.005;
Figure 4) but not the incidence of severe PTS (RR 0.64,
95% CI 0.27–1.50; P¼ 0.307; I2¼ 72.7%; PH¼ 0.026;
Figure 5).

Subgroup Analysis
The results of subgroup analyses are shown in Table 2.

Compression therapy was significantly associated with a
reduction in the incidence of PTS in both the subgroups when
stratified by the occurrence of DVT and interval instead of other
stratification factors.

Sensitivity Analysis
Table 3 summaries the results of sensitivity analysis

according to various inclusion criteria. Any single study could
not substantially alter the pooled estimate, with a narrow range
from 0.60 (95% CI 0.49–0.75) to 0.77 (95% CI 0.62–0.96).

The Secondary Outcomes
Compression therapy had no impacts on the incidence of

recurrent venous thromboembolism (RR 0.91, 95% CI 0.65–

Medicine � Volume 94, Number 31, August 2015
1.27; P¼ 0.575; I2¼ 0.0%; PH¼ 0.811; Figure S2, Additional
file 5, http://links.lww.com/MD/A356), the incidence of ulcera-
tion (RR 0.74, 95% CI 0.36–1.53; P¼ 0.422; I2¼ 12.3%;

of bias graph.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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PTS instead of severe PTS. Furthermore, compression therapy

FIGURE 3. Effect of compression therapy on PTS in patients after

Medicine � Volume 94, Number 31, August 2015
PH¼ 0.320; Figure S3, Additional file 6, http://links.lww.com/
MD/A356), or the mortality (RR 0.99, 95% CI 0.72–1.37;
P¼ 0.956; I2¼ 0.0%; PH¼ 0.408; Figure S4, Additional file
7, http://links.lww.com/MD/A356).

Publication Bias
No publication bias was detected by visually inspecting

funnel plot and Egger test with a P value of 0.836, indicating a
low likelihood of publication bias. However, the power of test
was low because of limited studies included.

DISCUSSION

DVT. CI¼ confidence interval, DVT¼deep vein thrombosis,
ES¼ estimate, HR¼hazard ratio, PTS¼postthrombotic syn-
drome, RR¼ relative risk.
Main Findings
Our further systematic review and meta-analysis suggested

that compression therapy could significantly reduce the

FIGURE 4. Effect of compression therapy on mild/moderate PTS i
thrombosis, PTS¼postthrombotic syndrome, RR¼ relative risk.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
incidence of PTS, but only the incidence of mild/moderate
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had no effects on the incidence of recurrent venous throm-
boembolism, the incidence of ulceration, or the mortality.

Comparison With the Previous Studies
Our findings are partly consistent with the previous meta-

analyses18,19,31 and further extend them in several important
ways. This meta-analysis reinforced earlier results by adding 3
recently published RCTs with 936 cases,8–10 containing more
than twice the PTS events of the previous meta-analysis.19

Additionally, subgroup analysis and sensitivity analysis vali-
dated the robustness of the pooled estimate. Moreover, other
important clinical outcomes like the incidence of recurrent
venous thromboembolism, the incidence of ulceration, and
the mortality were also researched to give a comprehensive
evaluation of compression therapy.

A large-scale trial enrolling 806 participants included in
the meta-analysis suggested compression therapy failed to
prevent PTS (HR 1.00, 95% CI 0.81–1.24). It is noteworthy
that the substantial heterogeneity was caused by this trial
according to forest plots and sensitivity analysis. The contra-
dictory conclusion and heterogeneity might be attributed to
following aspects. First, placebo-controlled design was adopted
in this trial and the other one,4 and both of them gave a null
result. Placebo-controlled design could certainly protect against
bias inherent to open trials, especially when the outcome is
subjective. However, it remains unclear whether the placebo
contributes to the prevention of PTS or not, and it may counter-
act the preventive effect. Second, considering the important role
of anticoagulants and great improvements made in recent years,
the effect of compression therapy might have been hypothesized
to be masked by anticoagulant treatment. Third, the compliance
was very low with only 55.6% of participants wearing com-
pression stockings for �3 d/wk, whereas the compliances of

previous trials were about 90%.3,6 The low compliance resulting
from unknown reasons might also contribute to the inefficacy.
Though limitations existed, the contradictory conclusion from

n patients after DVT. CI¼ confidence interval, DVT¼deep vein
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this trial challenged the traditional concept of compression
therapy in the prevention of PTS, leaving some living issues:

FIGURE 5. Effect of compression therapy on sever PTS in patien
PTS¼postthrombotic syndrome, RR¼ relative risk.
is there any benefit of prevention with compression therapy?
Is the compression therapy necessary with the improvement of
anticoagulants? Given the substantial heterogeneity and

TABLE 2. Subgroup Analysis According to Various Categories for

Subgroups
No.

Trials
No. of
Patients

Event in
CT

Control
Not placebo controlled3,5–9 6 713 117 of 363 1
Placebo controlled4,10 2 885 187 of 451 1

DVT
First DVT3,4,8–10 6 1392 279 of 704 3
First or recurrent DVT5,7 2 206 25 of 110 2

Interval
�2 wk5,6,8–10 5 1153 252 of 592 2
>2 wk3,4,7 3 445 52 of 222 9

Sample size
�1003,6,7,10 4 1346 240 of 679 2
<1004,5,8,9 4 252 64 of 135 5

Effect size
HR6,7,9,10 4 1221 240 of 619 2
RR3–5,8 4 377 64 of 195 1

PTS criteria
VPS3,5,6,8–10 6 1347 282 of 688 3
Others4,7 2 251 22 of 126 2

Follow-up
>2 y3,4,6,7 4 625 75 of 312 1
�2 y5,8–10 4 973 29 of 502 2

Incidence of PTS in control
>50%3,5,9 3 300 74 of 158 9
�50%4,6–8,10 5 1298 230 of 656 2

Con¼ control, CT¼ compression therapy, DVT¼ deep venous thrombos
RR¼ relative risk, VPS¼Villalta-Prandoni scale.

6 | www.md-journal.com
inconsistence with the large-scale trial, the conclusion of our
meta-analysis should be interpreted with caution.

fter DVT. CI¼ confidence interval, DVT¼deep vein thrombosis,
Another 2 studies assessing the effect of compression
therapy on patients with DVT were included in our systematic
review.29,30 Both concluded that compression therapy could

PTS

Event in
Con ES (95% CI) P Value I2 (%) PH

78 of 350 0.57 (0.47–0.70) <0.001 10.6 0.348
79 of 434 1.00 (0.81–1.22) 0.968 0.0 0.892

31 of 688 0.70 (0.49–0.99) 0.043 75.8 0.001
6 of 96 0.64 (0.44–0.95) 0.026 0.0 0.832

60 of 561 0.75 (0.57–0.99) 0.042 51.7 0.082
7 of 223 0.58 (0.36–0.92) 0.021 48.9 0.141

98 of 667 0.61 (0.37–1.02) 0.059 85.2 <0.001
9 of 117 0.74 (0.57–0.96) 0.023 0.0 0.813

57 of 602 0.73 (0.51–1.03) 0.074 62 0.048
00 of 182 0.64 (0.44–0.92) 0.016 51.2 0.104

29 of 659 0.67 (0.48–0.92) 0.015 75.5 0.001
8 of 125 0.77 (0.46–1.29) 0.316 0.0 0.387

41 of 313 0.53 (0.39–0.72) <0.001 23.8 0.268
07 of 471 0.85 (0.68–1.06) 0.138 25.2 0.260

7 of 142 0.57 (0.42–0.79) 0.001 49.2 0.139
51 of 642 0.79 (0.58–1.08) 0.143 43.3 0.133

is, ES¼ estimate, HR¼ hazard ratio, PTS¼ postthrombotic syndrome,

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Sensitivity Analysis According to Various Inclusion Criteria for PTS

Outcome
No.

Trials
No. of
Patients

Event in
CT

Event in
Con ES (95% CI) P Value I2 (%) PH

All included trials3–10 8 1598 304 of 814 357 of 784 0.68 (0.52–0.90) 0.007 67.0 0.003
Without large-scale trial3–9 7 795 128 of 405 189 of 390 0.60 (0.49–0.75) <0.001 19.7 0.279
Not prolonged

�,3–6,8–10 7 1429 293 of 730 340 of 699 0.69 (0.51–0.93) 0.015 71.3 0.002
Not in the acute stage3,4,6,7,9,10 6 1497 281 of 757 337 of 740 0.67 (0.47–0.95) 0.025 75.9 0.001
Not prolonged or

acute stage3,4,6,9,10
5 1328 270 of 673 320 of 655 0.68 (0.46–1.00) 0.051 80.5 <0.001

Acute stage5,8 2 101 23 of 57 20 of 44 0.71 (0.49–1.04) 0.081 0 0.528

Con¼ control, CT¼ compression therapy, ES¼ estimate, PTS¼ postthrombotic syndrome.
d fo
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lead to an immediately pronounced reduction of pain. More-
over, the clinical score and relief of swelling were observed to
be significantly better in the compression group. The confer-
ence abstract30 found that compression therapy could enhance
the thrombus reduction, which was unfavorable for the devel-
opment of PTS. However, no subjective benefit was observed
with enhanced thrombus reduction. Therefore, we hypothesize
that the controversial effects of compression therapy on PTS
might be due to the easily affected characteristic of subjective
outcome.

Analysis of PTS severity category suggested that com-
pression therapy could reduce the incidence of mild/moderate
PTS but not the incidence of severe PTS. The null results for
severe PTS were not conclusive inasmuch as only 4 trials were
included3,5,6,10 and this pooled effect was substantially altered
when removing the large-scale one (RR 0.44, 95% CI 0.25–
0.79).10 It might be because VPS was oversensitive to mild/
moderate PTS and less sensitive to severe PTS.32,33 Addition-
ally, the low incidence of severe PTS also contributed to the
nonsignificant result, as confirmed by our subgroup analysis
according to the incidence of PTS. Considering the limitations
of PTS diagnostic criteria and great discrepancy with the large-
scale trial, the ineffectiveness of compression therapy on severe
PTS should also be treated cautiously.

Subgroup Analysis and Sensitivity Analysis
In subgroup analysis, the results suggested that the pooled

effect could be affected by control, sample size, ES, PTS
criteria, follow-up, the incidence of PTS in control rather than
the occurrence of DVT and interval between diagnosis and
treatment. Placebo could also bring benefits,34 especially in
measurement of subjective symptoms. As PTS is defined
partially based on subjective symptoms, the null association
in comparison with placebo subgroups could be due to, at least
partly, the placebo effect. The discrepancy of subgroups with
respect to the sample size might be explained by the determinant
role of the large-scale trial, as substantial heterogeneity and
critical ES (ES 0.61, 95% CI 0.37–1.02) in the subgroup of
sample size >100 were observed. The inconsistent subgroup
results regarding PTS definition might be caused by the poor
agreement and different sensitivity to various categories of PTS
between VPS and Ginsberg measure.32 The negative association
in the subgroup of HRs could be explained by the substantial

�
Prolonged: all patients received compression therapy and continue
heterogeneity and null association from the large-scale trial.
Though the beneficial effect was not observed in the subgroup
of intervention in the acute stage, several studies, with relative

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
small sample sizes (range from 31 to 64), reported that com-
pression therapy could reduce leg swelling and pain much faster
and more effectively in the acute stage.5,8,29,30 Therefore, its
preventive efficacy could not be completely ruled out consider-
ing the critical nonsignificant level (ES 0.71, 95% CI 0.49–
1.04) and small sample size of 101. The cumulative incidence of
PTS increases even 20 years after DVT, thus longer follow-up is
usually accompanied with increased incidence of PTS.1,35

Additionally, the results of subgroup analysis of long follow-
up and high incidence of PTS consistently revealed the efficacy
of compression therapy. However, results of subgroup analysis
of short follow-up and low incidence did not confirm this
promising finding, indicating that unobserved benefit of com-
pression therapy may be due to inadequate duration of follow-
up. Suffering from limitations of their observational investi-
gation and the decreased statistical power, these subgroup and
sensitivity analyses should be interpreted with cautions.

Limitations
Several limitations of our study merit consideration.

First, considerable heterogeneity was detected among studies.
To assess the impact of various clinical factors on the pooled
estimate and explore the source of heterogeneity, subgroup
and sensitivity analyses had been conducted, and potential
source had been found. Second, in the subgroup and sensitivity
analyses, the results were inconsistent. However, the interpret-
ation of these analyses should be interpreted with cautions due
to their limitations. Third, the outcome based on subjective
symptoms was more susceptible to errors arising from bias in
an open-labeled design. Our findings largely relied on this
type of studies, and the ascertainment of PTS was defined
mainly on subjective symptoms. Fourth, both HR and RR were
used in our meta-analysis. RR was subjected to selection bias
regarding endpoints by comparison of HR. Though HR was
preferred to be used in our meta-analysis, HR could only be
extracted in 3 studies6,7,10 and estimated from the survival
curves in 1 study.9 Finally, given limited amount of studies
included and unavailability of confounding factors, we could
not give a comprehensive and detailed evaluation of the
secondary outcomes. Thus, these outcomes should be treated
cautiously.

In summary, the present systematic review and meta-
analysis suggests that compression therapy could effectively

r 6 mo before randomization.
prevent PTS, and current evidence still supports compression
therapy to be a clinical practice for prophylaxis of PTS in adult
patients after DVT. However, our findings should be interpreted

www.md-journal.com | 7



with caution due to heterogeneity and hence more large-scale
and well-designed RCTs are still warranted.
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