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Background: Deep vein thrombosis (DVT) of the lower extremity (LE) might lead to pulmonary 
embolism (PE) and post-thrombolytic syndrome (PTS). Recently, percutaneous endovenous intervention 
(PEVI) has been advocated for early removal of thrombus clot and restoration of venous patency. This study 
aims to review the safety and efficacy outcomes of PEVI versus anticoagulation in the treatment of acute  
LE-DVT.
Methods: We searched the databases of PubMed, Embase, and the Cochrane Library for randomized 
controlled trials (RCTs) comparing catheter-directed thrombolysis (CDT) and/or pharmacomechanical 
thrombectomy (PMT) versus anticoagulation for acute proximal LE-DVT, published before August 2022. 
Efficacy outcomes were PTS and venous patency. Safety outcomes included recurrent thromboembolism, 
bleeding complications, and PE. 
Results: Overall, 1,266 patients were included from 6 RCTs. The overall risk of bias was small due to 
enrolled high-quality RCTs. Compared to anticoagulation, PEVI moderately reduced PTS incidence [odds 
ratio (OR) 0.47, 95% confidence interval (CI) 0.23–0.99], obviously inhibited moderate–to–severe PTS 
(OR 0.60, 95% CI: 0.40–0.88), significantly decreased PE (OR 0.16, 95% CI: 0.05–0.48), and substantially 
increased venous patency (OR 7.95, 95% CI: 1.00–63.16). There was no significant difference in recurrent 
thromboembolism between PEVI and anticoagulation (OR 0.76, 95% CI: 0.34–1.73). Bleeding events did 
not differ statistically between PEVI and anticoagulation (OR 1.36, 95% CI: 0.87–2.11). We conducted 
single-arm meta-analysis of the PEVI or anticoagulation. Pooled proportion of PTS was less after PEVI 
(0.295, 95% CI: 0.123–0.505) than after anticoagulation (0.459, 95% CI: 0.306–0.616). Pooled proportion 
of moderate-to-severe PTS was lower after PEVI (0.098, 95% CI: 0.033–0.191) than after anticoagulation 
(0.183, 95% CI: 0.126–0.247). Pooled proportion of PE was smaller after PEVI (0.006, 95% CI: 0.00–
0.020) as compared to anticoagulation (0.075, 95% CI: 0.038–0.122). Pooled proportion of recurrent 
thromboembolism was similar between PEVI (0.095, 95% CI: 0.054–0.146) and anticoagulation (0.124, 95% 
CI: 0.061–0.206). Pooled proportion of bleeding was not different statistically between PEVI (0.026, 95% 
CI: 0.00–0.131) and anticoagulation (0.008, 95% CI: 0.00–0.094). 
Conclusions: PEVI, consisting of PMT and/or CDT, is an extremely effective and feasible approach for 
patients with acute LE-DVT. In comparison to therapeutic anticoagulation, PEVI restores venous patency, 
inhibits the PTS development, reduces the PE occurrence, does not markedly increase the bleeding risk, but 
does not reduce recurrent thromboembolism.
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thrombolysis (CDT); pharmacomechanical thrombolysis (PMT); anticoagulation
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Introduction

Deep vein thrombosis (DVT) is a common disease with 
an incidence of 71–117 patients per 100,000 population 
and results in significant morbidity and mortality (1). It 
commonly affects the lower extremities, and has a high 
risk of life-threatening pulmonary embolism (PE) in the 
acute stage. The incidence of PE can reach 40–50% among 
patients with proximal DVT (2). Post-thrombotic syndrome 
(PTS) is the most frequent chronic complication of lower 
limb DVT, which manifests as pain, edema, skin change, 
and venous ulceration, and affects the patient’s capacity to 
work and quality of life (3). The incidence of PTS is up to 
20–50% within 2 years after DVT (3,4), and severe PTS, 
including venous ulcers, will develop in 5–10% of cases (4,5).

Systemic anticoagulation is the mainstay of DVT 
therapy. Anticoagulation prevents thrombus propagation, 
inhibits recurrent thrombosis, and reduces the incidence of 
PE. However, it cannot eliminate established thrombi, and 
the restoration of venous patency depends on endogenous 
fibrinolysis (6). Percutaneous endovenous intervention 
(PEVI) including catheter-directed thrombolysis (CDT) 
and pharmacomechanical thrombolysis (PMT) has been 
developed for early removal of thrombus. Although CDT 
achieves thrombus dissolution by means of the infusion 
of a thrombolytic drug directly into thrombus, it bears 
the potential risk of major bleeding complication (7). 
The infusion time of CDT is long, with an average of 
53.4 hours, causing significant patient discomfort during 
treatment (7). Meanwhile, PMT uses a mechanical device 
to aspirate, fragment, macerate, or disrupt venous thrombus 
in combination with a thrombolytic infusion. The potential 
advantages of PMT include shorter operation time, lower 
thrombolytic dosage, less bleeding complication, and more 
complete resolution of the thrombus (8-11). It can be used 
as an adjunct to or in place of CDT. 

Several studies have supported the advantages of 
PMT or CDT against anticoagulation. The PMT and 
anticoagulation provides greater thrombus resolution and 
earlier recanalization relative to anticoagulation alone, 
which preserves venous function and further prevents  
PTS (12). The CDT and anticoagulation results in higher 
venous patency rate, less PTS development, although a 

relatively larger number of bleeding events in comparison 
with anticoagulation alone (13). An earlier randomized 
controlled trial (RCT), including 209 patients, indicated that 
CDT and anticoagulation decreased the PTS occurrence 
and improved iliofemoral patency (14). The benefit of 
early clot removal by CDT and/or PMT had largely been 
recognized by most clinicians until recent RCTs presented 
different perspectives. An RCT, involving 391 patients with 
acute iliofemoral DVT, indicated that either PMT or CDT 
did not influence the occurrence of PTS or recurrent venous 
thromboembolism, although they did decrease moderate-to-
severe PTS development (15). A smaller RCT, with a sample 
size of 300 patients, demonstrated that the addition of PEVI 
to anticoagulation did not decrease the risk of PTS but did 
increase bleeding in femoral-popliteal DVT (16). 

There have been a few published RCTs of CDT, PMT, 
or PMT plus CDT versus anticoagulation for LE DVT, 
but a systemic meta-analysis has yet to be reported. Current 
evidence on the effectiveness of PEVI mainly compared 
effectiveness and safety of PMT ± CDT with CDT alone 
in patients with acute iliofemoral DVT. Therefore, we 
conducted an updated meta-analysis of available RCTs 
aiming to compare the efficacy and safety of PEVI plus 
anticoagulation versus anticoagulation alone for treatment 
of acute proximal DVT. We present the following article in 
accordance with the PRISMA reporting checklist (available 
at https://atm.amegroups.com/article/view/10.21037/atm-
22-4334/rc).

Methods

Search strategy

An electronic search was conducted in the databases 
of PubMed, Embase, and the Cochrane Library from 
inception up to August 2022. The search strategy 
used the following keywords and text in combination 
as medical subject heading (MeSH) terms: “deep vein 
thrombosis” OR “deep venous thrombosis” OR “venous 
thromboembolism” and “percutaneous mechanical 
thrombectomy” OR “pharmacomechanical thrombectomy” 
OR “pharmacomechanical thrombolysis” and “catheter-
directed thrombolysis” OR “catheter-directed therapy” 
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OR “catheter-directed treatment” and “thrombolysis” OR 
“thrombectomy” OR “endovenous” OR “endovascular”. No 
language restriction was enforced, with no time restrictions 
on the year of publication. The reference lists of the 
retrieved articles and meta-analysis were also examined for 
potentially additional relevant studies. 

Eligibility criteria

Titles and abstracts were screened for initial study inclusion 
by 2 reviewers who subsequently reviewed full-text versions 
for selection of relevant studies. The inclusion criteria were 
as follows: RCTs, studies comparing PMT, CDT, or PMT 
plus CDT with anticoagulation alone, DVT of the lower 
extremities, size of study population  ≥20 cases. Conferences 
abstracts, letters, and articles without available full text 
were excluded. Studies performed by the same or different 
authors that involved the same objects of patients were also 
excluded. However, if there was no overlap between the 
samples, the two studies were included. Non-randomized 
comparative observational studies were not included 
into the analysis for high quality of the study. Inclusion 
criteria was constructed according to the PICOS (patients, 
intervention, comparison, outcomes, and study design) 
principles.

Data extraction

Two investigators independently extracted the following 
information from each retrieved article: the first author’s 
name, publication year, country, number of patients, 
the involved segment of venous thrombosis, mean age, 
gender, duration of follow-up, and efficacy and safety 
outcomes. Efficacy outcomes included PTS, moderate-
to-severe PTS, and venous patency. Safety outcomes 
mainly included recurrent thromboembolism, bleeding 
complications and PE. We compared the efficacy and safety 
outcomes between the PEVI plus anticoagulation group 
and the anticoagulation alone group. We also conducted a 
single-arm meta-analysis to clarify the efficacy and safety 
outcomes of PEVI or anticoagulation alone. If agreement 
could not be reached after discrepancies were discussed, 
a third investigator was involved to reach a consensus. 
Venous patency referred to the absence of recurrent 
diameter stenosis of  ≥30% (17) or  ≥50% (18). Specifically, 
the severity of PTS was evaluated with the use of the 

Villalta scale considering 5 patient-reported symptoms 
(pain, cramps, heaviness, paresthesia, pruritus) and 6 
clinician-observed signs (pretibial edema, skin induration, 
hyperpigmentation, redness, venous ectasia, pain on calf 
compression), with each item scored from 0 to 3. Points for 
symptoms and signs were summed into a total score (range 
0 to 33), and patients can be categorized as having no PTS 
(score 0–4), mild PTS (score 5–9), moderate PTS (score 
10–14), or severe PTS (score  ≥15, or presence of ulcer). 

The risk of bias assessment of included studies

A risk of bias assessment was conducted for each included 
study, including masking of participants, intention-to-treat 
analysis, incomplete or unclear data, and time to clinical 
follow-up. The risk of bias for RCTs were assessed and 
graded independently by two authors according to the 
criteria described in the Cochrane Handbook of Systematic 
Reviews 5.1.0. The overall quality of the evidence leading 
to the final meta-analysis results was judged using the 
“GRADE” (Grading of Recommendations Assessment, 
Development and Evaluation) classification system, with a 
judgement of either high, moderate, low or very low quality. 
Disagreements between the two reviewers were resolved by 
consensus.

Statistical analysis

A separate meta-analysis was conducted for each of the 
outcomes. The single-arm meta-analysis was performed 
using R 3.4.0 (R Foundation for Statistical Computing, 
Vienna, Austria). The study-specific risk estimates were 
pooled by random-or fixed-effects model and described as 
event rates with corresponding 95% confidence intervals 
(CIs). The comparative meta-analysis of efficacy and 
safety outcomes was processed using software StatsDirect 
Statistics (Version 2.7.9; StatsDirect Ltd., Cambridge, 
UK). The indicators were reported as odd ratios (ORs) 
with 95% CI. A random effects model was utilized if 
significant heterogeneity was evident. Otherwise, the fixed-
effects model was used. For trials which had zero events in 
endpoints, OR and 95% CI values were calculated using 
a 0.5 cell correction (19). The I2 test was used to measure 
statistical heterogeneity within comparison groups. The 
level of heterogeneity was defined as not (I2<25%), low 
(I2=25–50%), moderate (I2=50–75%), high (I2>75%). 
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Results

Literature search

We initially identified and retrieved 3,050 articles, of which 
1,034 duplicates were excluded. Of the remaining 2,014 
studies, 1,979 were removed following the initial title and 
abstract screening as they were laboratory studies, review 
articles, non-randomized controlled trials, or irrelevant 
to our research purpose. The full texts of the remaining 
35 studies were read in detail, of which 29 articles were 
excluded because they could not extract data for analysis 
or were duplication of trials with different patient size or 
follow-up period. Finally, 6 studies (20-25) were included 
into the present meta-analysis. A flow chart of the study 
selection process is presented in Figure 1.

Study characteristics

Overall, 6 RCTs comprising 1,266 patients were eligible for 
this meta-analysis. The primary characteristics of RCTs are 
presented in Table 1. The included articles were published 
between September 2002 and January 2020, of which 2 
were from Europe, 2 were from USA, 1 was from Turkey, 
and 1 was from Egypt. Study size ranged from 35 to 692 
participants. PEVI and anticoagulation alone were carried 
out in 628 and 638 patients, respectively. The average age of 
patients in the enrolled studies varied from 46.5 to 61 years. 
The anatomical site of DVT was identified in ilio-femoral 
or common femoral veins.

The Cochrane bias assessment results are shown in 
Figure 2. The green bars (low risk) plus yellow bars (unclear 
risk) were significantly more than the red bars (high risk), 
suggesting that the overall risk of bias in this study was small 
and the included studies were of relatively high quality. In 
general, the 6 included studies belonged to RCTs and had 
a low or unclear risk of selection, performance, detection, 
and reporting bias. One enrolled RCT (22) reported all 6 
concerned endpoints and had a low risk of attrition bias on 
incomplete outcome data.

Efficacy outcomes

The forest plot of PEVI versus anticoagulation for PTS, 
moderate-to-severe PTS, and venous patency (comparative 
meta-analysis) is presented in Figure 3. 

PTS

Four studies (20-23) reported the occurrence rate of 
PTS during an average follow-up period of 6 months to 
5 years. There were 589 patients in the PEVI group and 
600 patients in the anticoagulation group, and patients 
developing PTS in the PEVI and the anticoagulation 
groups were 222 and 284, respectively. There was high 
heterogeneity among the studies (I2=84.0%, P=0.00), 
so the random-effects model was chosen. PEVI had the 
statistically lower incidence of PTS in comparison with the 
anticoagulation (OR 0.47, 95% CI: 0.23 to 0.99). 

The forest plot of PTS (single-arm meta-analysis) is 
shown in Figure 4. Considerable heterogeneity among the 
studies existed in the PEVI group (I2=96%, P<0.01) and in 
the anticoagulation group (I2=92%, P<0.01), and a random-
effects model was used. Pooled proportions of PTS were 
0.295 (95% CI: 0.123 to 0.505) in the PEVI group and 0.459 
(95% CI: 0.306 to 0.616) in the anticoagulation group, 
respectively.

Moderate-to-severe PTS

Four studies (20-23) with 589 patients in the PEVI group 
and 600 in the anticoagulation group were included. The 
average follow-up period of the included studies ranged 
from 6 months to 5 years. Patients with moderate to 
severe PTS in the PEVI and the anticoagulation groups 
were 80 and 123, respectively. There was no significant 
heterogeneity among the studies (I2=14%, P=0.322). The 
occurrences of moderate-to-severe PTS in the PEVI group 
was substantially less than those in the anticoagulation 
group (OR 0.60, 95% CI: 0.40 to 0.88). 

The forest plot of moderate and severe PTS (single-
arm meta-analysis) is shown in Figure 5. Pool proportions 
of moderate to severe PTS were 0.098 (95% CI: 0.033 to 
0.191) in the PEVI group with substantial heterogeneity 
(I2=89%, P<0.01) and 0.183 (95% CI: 0.126 to 0.247) in 
the anticoagulation group with moderate heterogeneity 
(I2=66%, P=0.03), respectively.

Venous patency

The venous patency rates at 12 to 60 months were 
reported in 3 studies (22,24,25) including 126 patients in 
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the PEVI group and 127 patients in the anticoagulation 
group. Patients with patent veins in the PEVI and the 
anticoagulation groups were 93 and 64, respectively. 
There was high heterogeneity among the studies (I2=82%, 
P=0.004), and venous patency rate was significantly higher 
in the PEVI group than in the anticoagulation group (OR 
7.95, 95% CI: 1.00 to 63.16). 

Safety outcomes

The forest plot of PEVI versus anticoagulation for 
recurrent thromboembolism, bleeding, and PE (comparative 
meta-analysis) is presented in Figure 6.

Recurrent thromboembolism

In total, 589 patients in the PEVI group and 600 patients 
in the anticoagulation group of 4 studies (20-23) were 
included. Recurrent thromboembolisms were identified 
in 64 patients in the PEVI group and 68 patients in the 
anticoagulation group. There was moderate heterogeneity 
among the studies (I2=71.7%, P=0.014), and difference on 
recurrent thromboembolism between 2 groups was not 
significant (OR 0.76, 95% CI: 0.34 to 1.73). 

The forest plot of recurrent thromboembolism (single-
arm meta-analysis) is shown in Figure 7. There was 
moderate heterogeneity (I2=67%, P=0.03) in the PEVI 

Random sequence generation (selection bias)

Allocation concealment (selection bias) 

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias) 

Incomplete outcome data (attrition bias) 

Selective reporting (reporting bias)

Other bias

Random sequence generation (selection bias)

Allocation concealment (selection bias) 

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias) 

Incomplete outcome data (attrition bias) 

Selective reporting (reporting bias)

Other bias

Low risk of bias Unclear risk of bias High risk of bias

0%            25%             50%             75%            100%

C
akir 2014 

E
lsharaw

y 2002 

H
aig 2016

N
otten 2020 

S
harifi 2010

Vedantham
 2017

A

B

Figure 2 The Cochrane risk of bias assessment. Green, yellow, and red bars represent low, unclear, and high risks, respectively. The study 
was at low risk of bias due to enrolled high-quality RCTs. RCT, randomized controlled trial.
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Figure 3 Forest plot of PEVI versus anticoagulation for PTS, moderate-to-severe PTS, and venous patency rate (comparative meta-analysis) 
in acute proximal DVT. PEVI, percutaneous endovenous intervention; PTS, post-thrombotic syndrome; DVT, deep vein thrombosis; OR, 
odds ratio; CI, confidence interval.

Figure 4 Forest plot of PTS (single-arm meta-analysis) in the PEVI group (upper panel) and in the anticoagulation group (lower panel). 
PTS, post-thrombotic syndrome; PEVI, percutaneous endovenous intervention; CI, confidence interval.

p < 0.01
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Figure 5 Forest plot of moderate to severe PTS (single-arm meta-analysis) in the PEVI group (upper panel) and in the anticoagulation 
group (lower panel). PTS, post-thrombotic syndrome; PEVI, percutaneous endovenous intervention; CI, confidence interval.

Figure 6 Forest plot of PEVI versus anticoagulation for recurrent thromboembolism, bleeding, and pulmonary embolism in acute proximal 
DVT. PEVI, percutaneous endovenous intervention; DVT, deep vein thrombosis; OR, odds ratio; CI, confidence interval.
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group, and a fixed-effects model identified the pooled 
proportion of recurrent thromboembolism as 0.095 (95% 
CI: 0.054 to 0.146). The recurrent thromboembolism in the 
anticoagulation group was analyzed using a random-effects 
model for substantial heterogeneity (I2=83%, P<0.01), with 
a pooled proportion of 0.124 (95% CI: 0.061 to 0.206).

Bleeding

Four studies (20,21,22,25) reported the incidence of 
bleeding events, and comprised 519 patients in the 

PEVI group and 536 patients in the anticoagulation 
group. Bleeding complication occurred in 52 patients of 
the PEVI group and 40 patients of the anticoagulation 
group. No heterogeneity was present among the studies 
(I2=0%, P=0.619). The reported bleeding events did 
not differ statistically between the PEVI group and the 
anticoagulation group (OR 1.36, 95% CI: 0.87 to 2.11). 

The forest plot of bleeding (single-arm meta-analysis) 
is shown in Figure 8. Pooled proportion of bleeding was 
0.026 (95% CI: 0.00 to 0.131) in the PEVI group and 
0.008 (95% CI: 0.00 to 0.094) in the anticoagulation group 

Figure 7 Forest plot of recurrent thromboembolism (single-arm meta-analysis) in the PEVI group (upper panel) and in the anticoagulation 
group (lower panel). PEVI, percutaneous endovenous intervention; CI, confidence interval.

Figure 8 Forest plot of bleeding (single-arm meta-analysis) in the PEVI group (upper panel) and in the anticoagulation group (lower panel). 
PEVI, percutaneous endovenous intervention; CI, confidence interval.

p < 0.01

p < 0.01
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with considerable heterogeneity with each group (I2=94%, 
P<0.01 and I2=94%, P<0.01, respectively).

PE

The rates of PE were shown in 5 studies (20,22-25) 
involving 291 patients of the PEVI group and 285 patients 
of the anticoagulation group. Patients with PE in the 
PEVI group and the anticoagulation group were 3 and 
22, respectively. There was not significant heterogeneity 
(I2=0.0%, P=0.987). The PE of the PEVI group was 
markedly less than that of the anticoagulation group (OR 
0.16, 95% CI: 0.05 to 0.48). 

The forest plot of PE (single-arm meta-analysis) is 
shown in Figure 9. Pooled proportion of PE was 0.006 (95% 
CI: 0.00 to 0.020) in the PEVI group with evidence of low 
heterogeneity (I2=13%, P=0.33) and 0.075 (95% CI: 0.038 
to 0.122) in the anticoagulation group with evidence of 
moderate heterogeneity (I2=41%, P=0.15), respectively.

Discussion

This meta-analysis included 6 high-quality RCTs involving 
1,266 patients, and aimed to compare efficacy and safety 
outcomes of CDT, PMT, or PMT plus CDT versus 
anticoagulation for treatment of acute proximal ilio-femoral 
DVT in the lower limb. PEVI presented better efficacy of 
thrombus removal and achieved a relatively high restored 

venous patency. Thus, PEVI showed an excellent long-
term result with less PE and lower incidence of PTS, 
especially moderate-to-severe PTS. From the viewpoint 
of safety, bleeding events were slightly more after PEVI 
than after anticoagulation alone, but the difference did 
not reach the statistical significance. However, PEVI did 
not reduce recurrent venous thromboembolism relative to 
anticoagulation.

PMT permits simultaneous thrombolytic infusion 
followed by thrombus extraction and has emerged as an 
advantageous option for treatment of acute DVT. Two 
comparative studies reported that PMT and CDT had 
similar complete and partial thrombus removal rates 
except that PMT had the advantage of greater reduction 
in the severity of PTS when compared with CDT (26,27). 
Another 2 comparative studies also indicated that PMT 
plus CDT for the treatment of iliofemoral DVT provided 
comparable complete clot lysis, similar PTS incidence, and 
an acceptable safety profile relative to CDT, but required 
significantly shorter treatment duration and lower lytic 
doses (28,29). The treatment efficacy of CDT, PMT, and 
CDT plus PMT for proximal DVT has been shown to be 
similar, although PMT seems to be a potentially faster, 
less invasive, and safe modality. Therefore, PEVI are 
explained as CDT, PMT, or PMT plus CDT, which are 
separately utilized in the enrolled RCTs. Two meta-analyses 
were carried out to compare CDT with anticoagulation 
for treatment of proximal DVT. A meta-analysis of 3 

Figure 9 Forest plot of pulmonary embolism (single-arm meta-analysis) in the PEVI group (upper panel) and in the anticoagulation group 
(lower panel). PEVI, percutaneous endovenous intervention; CI, confidence interval.

p = 0.33
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RCTs and 3 non-randomized studies reported that CDT 
improved venous patency, prevented venous obstruction 
and PTS, increased the risk of major bleeding, and did 
not affect recurrent DVT (30). A meta-analysis of 4 RCTs 
involving 1,005 patients indicated that CDT decreased 
PTS rate and improved iliofemoral vein patency compared 
to anticoagulation (31). However, the number of included 
RCTs was small, and observational studies were also 
enrolled; more high-quality meta-analysis needs to be 
performed. The fourth update of a Cochrane Review 
first published in 2004 included 19 RCTs of thrombolysis 
(systemic, loco-regional, and CDT strategies) versus 
anticoagulation, and indicated that thrombolysis slightly 
decreased PTS incidence (50% vs. 53%), but increased 
bleeding complication (6.7% vs. 2.2%) in comparison with 
the standard anticoagulation (32).

PTS evolves from persistent venous hypertension 
resulting from venous obstruction and/or insufficiency 
caused by inflammatory destruction of valves in the acute 
phase of DVT. Early removal of thrombus by PEVI restores 
venous patency, protects valve function, relieves venous 
hypertension, and reduces the occurrence of PTS (33). The 
higher the level of venous thrombus, the greater the risk of 
PTS, and the more obvious the curative benefits of PEVI 
will be. Patients with DVT involving the iliac vein and/
or common femoral vein are at significantly higher risk of 
PTS. Venous segments involved in thrombosis (iliofemoral, 
femoral, or femoropopliteal) may be a key factor leading 
to differential response to PEVI. Two enrolled RCTs for 
the patients with proximal iliofemoral DVT have indicated 
that PEVI plus anticoagulation reduce the occurrence of 
PTS more efficiently than anticoagulation alone (22,23). 
An included RCT for DVT involving the femoral, common 
femoral, or iliac veins reported that PEVI did not influence 
the occurrence of PTS, but reduced the proportion of 
moderate-to-severe PTS (21). In an unenrolled RCT, 
among patients who had DVT in the femoral-popliteal 
vein not common femoral or iliac veins, there were no 
differences in PTS and moderate-to-severe PTS between 
PEVI plus anticoagulation and anticoagulation alone (16). 

There are conflicting guideline recommendations for 
endovascular thrombolysis. The American Heart Association 
(AHA) recommends that CDT is reasonable as first-line 
treatment of patients with proximal DVT to prevent PTS 
in patients at low risk of bleeding complication (34), yet the 
American College of Chest Physicians (ACCP) guideline 
suggests anticoagulation therapy along over CDT in acute 
proximal DVT because of concern for its bleeding risk (35). 

PEVI including PMT and/or CDT might require the use of 
anti-fibrinolytic agents to achieve thrombolysis. This in turn 
can increase the bleeding risk. Our meta-analysis indicated 
that bleeding events were slightly higher in the PEVI 
group (2.6%) than in the anticoagulation group (0.8%), 
but the difference was not statistically significant. A clinical 
bleeding event was classified as major if it was associated 
with a fall in the hemoglobin level of at least 2.0 g/dL, a 
need for transfusion of more than 2 units of red blood cells, 
or a critical involvement of intracranial, retroperitoneal, and 
gastrointestinal regions (15). Less severe clinically bleeding 
was defined as minor (15). Data from a US nationwide 
observational study of 90,618 patients hospitalized for 
DVT showed the rates of blood transfusion (CDT 11% vs. 
anticoagulation 6.5%) and intracranial hemorrhage (CDT 
0.9% vs. anticoagulation 0.3%) (36). A clinically significant 
bleeding rate of 11% is mostly involved with the access site, 
without any deaths, gastrointestinal bleeding, or intracranial 
hemorrhages (36). Early thrombus removal by PEVI leads 
to a marked reduction in the PTS events along with a 
significant inhibition of moderate-to-severe PTS. It would 
be reasonable to exert the therapy of PEVI to those patients 
who are associated with a low bleeding risk and a high risk 
for PTS, such as patients with iliofemoral DVT.

This meta-analysis has several strengths including the 
strict inclusion criteria, all data derived from high-quality 
RCT studies, and the comprehensive evaluation of efficacy 
and safety outcomes between PEVI and anticoagulation. 
However, our study had some noteworthy limitations. First, 
all of the included studies were of high quality, and only 6 
RCTs were available, thus, publication bias and sensitivity 
analysis could not be performed due to the small number 
of studies. Second, we did not conduct subgroup analyses 
according to many important factors due to the limited 
data, such as follow-up duration, venous embolization 
segment, diverse endovascular techniques, and symptom 
duration. Third, 2 enrolled RCTs (24,25) had relatively 
small populations of less than 50 patients. Five enrolled 
RCTs focused on 2 (24), 3 (21,23,25), 4 (20), and not all 
of the efficacy and safety endpoints, respectively. Fourth, 
the moderate heterogeneity might originate from outcome 
measurement methods, diverse thrombectomy devices, and 
different thrombolytic drugs. Well-designed stratified RCTs 
are required to evaluate the efficacy and safety of PEVI on 
ilio-femoral, femoral, and femo-popliteal DVT in the acute 
and subacute stages.

Among patients with acute proximal LE DVT, PEVI 
obtained the better venous patency rate, effectively reduced 
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the risk of PTS development, diminished the PE incidence, 
and did not significantly increase bleeding risk compared 
with conventional anticoagulation alone. However, PEVI 
did not result in less recurrent thromboembolism than 
anticoagulation alone.
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