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A B S T R A C T

Introduction: Post-thrombotic syndrome (PTS) and iliofemoral (IF) patency reduction are common 

complications of iliofemoral deep venous thrombosis (IFDVT). Recent studies suggested that endovascular 

treatment, such as catheter-directed thrombolysis (CDT) and pharmacomechanical thrombectomy (PMT) can 

effectively reduce the risk and morbidity of PTS in IFDVT patients. This article aims to review the current 

literature on the subject, focusing on the long-term outcomes of endovascular treatment techniques in IFDVT 

patients.

Evidence acquisition: A thorough systematic review of the literature was conducted using PubMed/Medline 

and Scopus, according to PRISMA statement guidelines. Forty articles were included, according to their 

scientific relevance, for the qualitative analysis. From this initial set of articles, nine articles were included for 
the quantitative analysis.

Evidence synthesis: Endovascular treatment with CDT or PMT is related to a decreased risk of PTS development, 

when compared to standard anticoagulation treatment (OR=0.71; 95% CI=0.54-0.92). Furthermore, IF patency 

presents superior rates in patients treated with CDT or PMT, instead of anticoagulation (OR=3.20; 95% CI=1.80 

-5.71). There are no significant differences in the risk of PTS and IF patency between patients treated with 
CDT and PMT. Complications such as bleeding, pulmonary embolism and death, don’t seem to differ between 

endovascular treatment and anticoagulation, as well as between CDT and PMT procedures.

Conclusions: Endovascular techniques seem to have satisfactory long-term outcomes in IFDVT, regarding to 

PTS risk and IF patency. However, further investigation with prospective randomized clinical trials with large 

populations and long follow-ups is necessary.
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Studies included for 
quantitative synthesis

9

Studies included for 
qualitative synthesis

40

Manually included articles
5 articles

Studies included for 
qualitative synthesis

35

Records excluded
17 articles

Full-text articles  
assessed for eligibility

52

lished up to February 2019 and using the following key-

words: “Venous Thrombosis,” “Iliac Vein,” “Femoral 

Vein” and “Thrombolytic Therapy.” From this initial re-

search, 370 articles were obtained. Only English articles 

published since January 2000 were included and all re-

views and case reports were excluded from the quantita-

tive analysis. Three articles were manually included by 

backward-citation from the initial group of references, ac-

cording to its scientific relevance (Srinivas et al.,8 Huang 

et al.9 and Gagne et al.10).

The specified inclusion criteria for the obtained stud-

ies were: 1) study groups that included CDT/PMT and 

anticoagulation vs. anticoagulation alone or study groups 

that included CDT vs. PMT; 2) studies with a randomized 

clinical trial, comparative prospective or comparative ret-

rospective designs; and 3) intention to treat analysis. The 

specified exclusion criteria were: 1) duplicated data; 2) 
review articles; 3) case reports; and 4) ongoing clinical tri-

als without final results. From this initial selection, 223 
articles were excluded.

Introduction

Acute deep vein thrombosis (DVT) of the lower limbs 

is a common and significant cause of morbidity and 
mortality with major physical sequelae for patients.1 It 

has an estimated incidence of about 1.0 person per 1000 

people per year.2 Most of these patients are treated with 

systemic anticoagulation, which effectively prevents 

thrombus extension, pulmonary embolism, recurrence 

and death.3 However, iliofemoral DVT (IFDVT) presents 

more severe acute symptoms and a higher risk of Post-

Thrombotic Syndrome (PTS), when compared to distal 

DVT. Despite the use of best medical treatment, PTS can 

develop within 2 years in nearly 50% of the patients with 

proximal DVT.3, 4

Conventional therapy for IFDVT with anticoagulation 

alone does not promote clot dissolution or valve patency 

preservation.5 Recent studies suggested that additional 

catheter-directed thrombolysis (CDT) to standard antico-

agulation treatment could improve vein recanalization and 

valve function in patients with acute IFDVT, which seems 

to reduce the risk and morbidity of PTS and to provide 

persistent and long-term clinical benefit.2, 5 Pharmacom-

echanical thrombectomy (PMT) also has emerged as a po-

tentially faster, less invasive and safer alternative for pa-

tients who cannot be submitted to thrombolytic therapy.5 

Early thrombus removal by both of these endovascular 

procedures seems to reduce the risk of PTS development.

Up to date, there is no clinical consensus regarding 

whether endovascular treatment is able or not to improve 

the long-term outcomes of patients with IFDVT, regard-

ing to the risk of PTS, the preservation of iliofemoral (IF) 

patency and overall quality of life.

Through this article, we aim to review the current evi-

dence on the long-term outcomes of the application of ad-

ditional endovascular procedures to treat IFDVT.

Evidence acquisition

Methods

This systematic review with meta-analysis was performed 

according to the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA).6 The Grading of 

Recommendations Assessment, Development and Evalua-

tion (GRADE) approach was used to evaluate the strength 

and quality of evidence.7

Literature research

A thorough literature search was carried using PubMed/

Medline and Scopus databases, including articles pub- Figure 1.—Flow chart of evidence acquisition, according to PRISMA.

Articles from the last 19 years, after 
duplicates removed

147 articles

PubMed search 
151 articles

Scopus search 
219 articles

Records screened
147 articles

Records excluded
95 articles
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consensus to whether the study was adequate or not to be 

included in the meta-analysis, according to selection and 

quality criteria.

Risk of bias

The risk of bias of each included randomized clinical trial 

was accessed using the revised Cochrane Risk-of-Bias 

Tool for Randomized Clinical Trials (RoB 2). This tool 

determines the overall risk of bias at the expense of the 

interpretation of five specific domains of each study: 1) 
the randomization process; 2) the deviation from the in-

tended interventions; 3) the missing outcome data; 4) the 

measurement of the outcome and 5) the selection of the 

reported result.

In order to evaluate the risk of bias of the included 

nonrandomized observational prospective and retrospec-

tive studies we used the Newcastle-Ottawa Scale (NOS), 

which evaluates the quality of the study based in selection, 

comparability and outcome criteria.

The risk of bias assessment of the 4 included random-

ized clinical trials and the 5 non-randomized compara-

tive studies is presented in Table I, II,5, 8, 9, 11-14 respec-

tively.

Quality assessment

The quality of the content of all of the included articles 

were reviewed. Only articles with adequate, useful and 

non-biased information were used for the elaboration of 

the meta-analysis. This assessment was made using RoB2 

and NOS tools.

All remaining 147 abstracts were accessed and 95 ar-

ticles were excluded for not being directly related to the 

subject.

From the remaining 52 articles, 40 articles were in-

cluded in the qualitative analysis of this study, according 

to their scientific relevance. A total of 9 articles were in-

cluded in the quantitative analysis: 4 randomized clinical 

trials, 2 nonrandomized prospective studies and 3 nonran-

domized retrospective studies.

Every article was adequately reviewed in order to assure 

that eligibility and quality criteria were met. The schemat-

ic of evidence acquisition is represented in Figure 1.

Data extraction

Data extraction was performed based on a pre-defined set 
of clinical variables and outcomes.

The pre-specified clinical variables were: 1) number of 
patients; 2) sex; 3) age; 4) device used for thrombolysis; 

5) thrombolytic agent; 6) anticoagulation regimen; and 7) 

follow-up.

The pre-specified primary outcomes were 1) overall rate 
of PTS; and 2) IF patency; The pre-specified secondary 
outcomes were 3) bleeding events; 4) pulmonary embo-

lism; and 5) death.

Two independent reviewers were responsible for the 

selection and extraction of the pre-specified data from ev-

ery study. Blinding of the reviewers was not performed. In 

case of disagreement, a third reviewer was responsible for 

the analysis of the study and extracted data in cause and 

a team discussion was made in order to achieve common 

Table I.— Risk of bias assessment of the included randomized clinical trials, according to the Cochrane Risk-of-Bias Tool for Randomized Clinical 
Trials (RoB2).11, 12

CaVent2 Haig et al.11 attraCt4 elsharawy et al.12

randomization process + + + +

Deviation from the intended intervention + + ? +

Missing outcome data + + - +

Measurement of the outcome + + - +

Selection of reported result ? ? + +

+low bias risk; ?some concerns; -high risk of bias.

Table II.— Risk of bias assessment of the included nonrandomized clinical trials, according to the NewCastle Ottawa Scale (NOS).5, 8, 9, 13, 14

Srinivas et al.8 Kuo et al.5 lin et al.13 Huang et al.9 Martinez et al.14

Selection **** *** **** **** ****

Comparability ** ** ** ** **

outcome *** *** *** *** ***

good quality: 3 or 4 stars in selection domain aND 1 or 2 stars in comparability domain aND 2 or 3 stars in outcome/exposure domain; Fair quality: 2 stars in 
selection domain aND 1 or 2 stars in comparability domain aND 2 or 3 stars in outcome/exposure domain; Poor quality: 0 or 1 star in selection domain or 0 stars in 
comparability domain or 0 or 1 stars in outcome/exposure domain.
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tive comparative studies and 3 are nonrandomized retro-

spective comparative studies. They had not only different 

study designs and population baseline characteristics, but 

also different technical and pharmacological approaches 

for the endovascular studied interventions. The most rel-

evant characteristics of each of these studies are described 

in Table III.2, 4, 5, 8, 9, 11-14

CaVenT2 and Haig et al.11 are two different trials that 

studied the same baseline population. In order to avoid in-

cluding duplicated data in the statistical analysis, we only 

included Haig et al.11 data in the meta-analysis, because 

of the longer follow-up period of this study. However, due 

to the lack of results of bleeding rates of Haig et al.,11 we 

used the obtained bleeding rates of CaVenT2 for the elabo-

ration of the meta-analysis.

The CaVenT trial was the first multicenter, open-label, 
randomized controlled clinical trial that studied the effi-

cacy and safety of additional CDT with alteplase to treat 

patients with a first time acute DVT.2 This study was per-

formed in 2012 and included 209 patients aged between 18 

to 75 years old, from 20 hospitals in Norwegian southeast-

Statistical analysis

The statistical analysis was performed with Winpepi soft-

ware. In order to perform the quantitative analysis of the 

included articles an intention-to-treat approach for all out-

comes was considered. The extracted data was analyzed 

and interpreted according to CDT, PMT and anticoagula-

tion subgroups. A Mantel-Haenszel fixed effect model was 
used for meta-analysis. The Odds Ratios (ORs) and respec-

tive 95% Confidence Intervals (CI 95) were estimated. No 
sensitive analysis or meta-regression was performed. No 

funnel plot was elaborated, due to the reduced number of 

included articles.

Evidence synthesis

Study designs and baseline characteristics

After the performed literature research and data extraction, 

9 articles met all the criteria previously defined for the 
quantitative analysis. From these studies, 4 are prospective 

randomized clinical trials, 2 are nonrandomized prospec-

Table III.— Baseline characteristics of the included studies for meta-analysis.2, 4, 5, 8, 9, 11-14

Study year Interventions N
Mean age

(years)
Sex

(male)
Device thrombolytic agent

anticoagulation 
regimen

Follow-up
(months)

CaVent2 2012 CDt and 
anticoagulation 
vs. anticoagulation 
alone

90/99 53/50 58/61 UniFuse 
angiodynamics

alteplase UFH, lMWH or
warfarin

24

Haig et al.11 2016 CDt and 
anticoagulation 
vs. anticoagulation 
alone

87/89 58/53 57/53 UniFuse 
angiodynamics

alteplase UFH, lMWH, or
warfarin

36

attraCt4 2017 CDt/PMt and 
anticoagulation vs. 
anticoagulation 
alone

336/355 52/53 205/221 trellis Peripheral 
Infusion 
System

alteplase UFH, lMWH, 
warfarin or

NoaC

24

elsharawy et al.12 2002 CDt and 
anticoagulation 
vs. anticoagulation 
alone

18/17 44/49 6/5 Jet lysis Catheter Streptokinase UFH, lMWH or
warfarin

6

Srinivas et al.8 2014 CDt+PMt vs. 
anticoagulation

25/26 39/53 14/16 Judkin’s right 
guiding 
Catheter

Streptokinase UFH, lMWH, 
warfarin or 
nicoumalone

6

Kuo et al.5 2016 CDt vs. PMt 31/30 64/67 17/18 angioJet Device Urokinase UFH or lMWH 24

lin et al.13 2006 CDt vs. PMt 44/49 49/45 19/22 angioJet Device alteplase, 
retaplase or 
urokinase

UFH, lMWH or 
warfarin

96

Huang et al.9 2015 CDt vs. PMt 18/16 64/63 12/9 angioJet Device Urokinase UFH, lMWH or 
warfarin

12

Martinez et al.14 2008 CDt vs. PMt+CDt 21/22 53/44 14/7 trellis Catheter alteplase, 
reteplase or 
tenecteplase

UFH, lMWH or 
warfarin

48

CDt: catheter-directed thrombolysis; PMt: pharmacomechanical thrombectomy; UFH: unfractionated heparin; lMWH: low molecular weight heparin; NoaC: new oral 
anticoagulant.
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evaluated the clinical records of all patients with symp-

tomatic lower leg DVT undergoing CDT or PMT interven-

tions for a 8 year period.13 A total of 93 patients who were 

submitted to these endovascular procedures were included 

in the study. CDT was performed in 44 patients and PMT 

in 49 patients. The purpose of this study was to compare 

the treatment outcomes of both endovascular treatments.13

Huang et al. was undertaken in 2015 as a retrospective 

comparative study that aimed to determine and compare 

the outcomes of patients with acute proximal DVT treated 

with CDT or PMT.9 From an initial set of 39 patients, 34 

were followed for more than a year and the received endo-

vascular treatment depended of each patient (Table III).9

Recently, isolated segmental PMT has emerged as a 

treatment option for patients with extensive ilieofemoral 

DVT.14 Martinez et al. is a random clinical trial from 2008, 

in which 21 patients were treated with percutaneous CDT 

and 22 patients were treated with isolated segmental PMT 

plus CDT. The main objective of this study was to deter-

mine and quantify the advantages of PMT in comparison 

to CDT.14

Results

After 24 months follow-up, CaVenT Trial revealed 41.1% 

of patients allocated to additional CDT presented PTS, 

compared to 55.6% of patients in the control group.2 There 

was no difference in the long term quality of life between 

groups and CDT was related to a slightly increase in the 

risk of bleeding.2

The results of ATTRACT Trial showed no significant 
difference in the percentage of patients with PTS, between 

experimental and control group, after 6 to 24 months fol-

low-up. In this trial, CDT led to an increased risk of major 

bleeding events within 10 days.4 However, this study had 

various limitations such as the use of a binary classifica-

tion for PTS (present or not present, not including the se-

verity degree of PTS), inclusion of femoro-popliteal DVT 

and a significant lost of follow-up.4 This major drawbacks 

may have compromised the results of the trial and the abil-

ity to draw adequate conclusions.

Elsharawy et al. presented similar conclusions to the 

CaVenT Trial, revealing that in short-term, patients treated 

with CDT presented better vein patency and competence 

than those treated with standard anticoagulation treatment 

alone.12

The administration of streptokinase with additional me-

chanical thrombectomy (CDT+PMT) is also an effective 

treatment for lower extremity DVT with satisfactory clini-

ern health region. Patients were randomly assigned to con-

ventional anticoagulation treatment or to additional CDT 

and randomization was stratified for the involvement of the 
pelvic veins. The two primary outcomes were frequency 

of overall PTS (measured by Villalta Score at 24 months 

follow-up) and IF patency (measured after 6 months fol-

low-up).2 This study was extended, in 2016, with a larger 

follow-up period of 5 years in which 176 patients of the 

209 patients originally randomized were included.11

The ATTRACT Trial was a multicenter, randomized, 

open-label, assessor-blinded, controlled clinical trial, per-

formed in 2017. Patients from 56 clinical centers of the 

USA, between 16 and 75 years old were included in this 

study.4 This trial counted with a total of 692 patients, be-

ing the trial with the highest number of participants in our 

meta-analysis. Patients were randomly assigned to either 

standard anticoagulation alone or anticoagulation with 

pharmacomechanical thrombolysis (CDT or device-medi-

ated intrathrombus delivery of rt-PA and thrombus aspira-

tion or maceration, with or without stenting). The primary 

studied outcome was the development of overall PTS be-

tween 6 and 24 months follow-up.4

Elsharawy et al. is a randomized clinical trial that was 

performed in 2002 and the main objective of this study 

was to compare the clinical outcomes of CDT and antico-

agulation to anticoagulation alone in the treatment of IF-

DVT.12 A consecutive series of 35 patients with less than 

70 years old were randomized to either the experimental 

or control group.12

Srinivas et al. is a prospective and comparative study 

from 2014 that included patients with recent lower limb 

DVT (between 1 and 8 weeks) and with ages between 12 

and 85 years old. A total of 64 patients were included in 

this study, 4 of which were excluded for having an upper 

limb DVT. After randomization, 30 patients were assigned 

to the PMT treatment arm and 30 patients were assigned to 

the anticoagulation treatment arm. The primary endpoint 

of this study was to determine the efficacy of PMT (CDT 
and mechanical thromboaspiration) in comparison to stan-

dard anticoagulation alone.8

Kuo et al. included 61 patients with acute ilieofemo-

ral DVT in a prospective study with the main objective 

of comparing the efficacy, long-term outcomes and com-

plications of CDT and PMT treatment.5 In this trial, per-

formed in 2016, 3 patients were submitted to CDT and 31 

patients were submitted to PMT, pursuant to each patient’s 

decision. After the intervention, each patient was followed 

up for at least 2 years.5

Lin et al. was a retrospective study made in 2006 that 
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effectiveness in thrombus removal in less time and with a 

lower dose of thrombolytic agent.14 However, in this study 

there was no evidence of a decrease in hospital or intensive 

care unit length stay.14

Many strategies using thrombolytic endovascular treat-

ment incorporate mechanical techniques in order to fa-

cilitate thrombus removal. However, in most patients, the 

exclusive use of mechanical techniques is not enough to 

promote thrombus resolution.

The primary and secondary outcomes of the included 

studies for the quantitative analysis are presented in Table 

IV, V,2, 4, 5, 8, 9, 11-14 respectively.

Our meta-analysis revealed that endovascular treatment 

with CDT/PMT is related to a decreased PTS development 

rate, when compared to standard anticoagulation treatment 

(OR=0.71; 95% CI=0.54-0.92) (Figure 2).2, 4, 8 On the oth-

er hand, there were no statistically significant differences 
between the overall rates of PTS in patients treated with 

CDT, when compared to PMT (OR=1.19; 95% CI=0.54-

2.60) (Figure 3).

Patients treated with CDT/PMT also presented higher 

rates of IF patency when compared to standard anticoagu-

cal results, according to Srinivas et al.8 Vein patency was 

increased from 23% to 80% at 6 months follow-up in this 

trial. This strategy can be used safely in acute situations, 

as it is only associated to a slightly increase in the risk 

of bleeding. Nevertheless, two deaths occurred allegedly 

due to pulmonary embolism, following CDT. The use of 

prophylactic IVC filter implantation previous to endovas-

cular interventions should be considered to prevent these 

complications.8

With the democratization of CDT and PMT for lower 

limb IFDVT patients, it becomes important to compare the 

efficacy of each of these techniques to one another. Kuo 
et al.5 and Huang et al.9 both found that CDT and PMT 

have similar venous outcomes in the treatment of IFDVT, 

but PMT is related to a greater reduction in the severity 

of PTS. PMT also reduces the need for intensive care unit 

treatment, total hospital length stay and hospital costs (due 

largely to a reduction in the number of venograms per-

formed per patient), according to Lin et al.13

The use of isolated segmental PMT also has emerged 

as a treatment option for extensive DVT. Martinez et al. 

showed isolated segmental PMT with CDT offers a greater 

Table IV.—  Primary outcomes of the included studies for the quantitative analysis.2, 4, 5, 8, 9, 11-14

Study
overall PtS

N. (%)
P value

IF Patency 
(%)

P value

CaVent2 37 (41.1)/55 (55.6) 0.047 58 (65.9) / 45 (47.4) 0.012

Haig et al.11 37 (42.5)/63 (70.8) <0.0001 68 (79.1) / 61 (70.9) 0.218

attraCt4 157 (47)/171 (48) 0.56 — —

elsharawy et al.12 — — 13 (72)/2 (12) <0.001

Srinivas et al.8 5 (20)/19 (77) <0.01 20 (80)/7 (23) <0.01

Kuo et al.5 6 (19.4)/6 (20) 1.000 19 (61.3)/21 (70) 0.474

lin et al.13 — — 28 (64)/33(68) —

Huang et al.9 9 (50)/5 (31.3) — 16 (88.9)/15 (93.8) 0.648

Martinez et al.14 6 (28.6)/3 (13.6) 0.0183 — —

The first value corresponds to the obtained rates in the experimental group and second value to the rates obtained in the respective control group.
PtS: post-thrombotic syndrome; IF: iliofemoral.

Table V.— Secondary outcomes of the included studies for the quantitative analysis.2, 4, 5, 8, 9, 11-14

Study Bleeding (%) Pulmonary embolism (%) Death (%)

CaVent2 20 (22.2)/0 (0) 0 (0)/1 (1.01) 0 (0)/0 (0)

Haig et al.11 0 (0)/0 (0) 9 (5) * 3 (3.4)/9 (10.1)

attraCt4 46 (14)/38 (11) —/— 7 (2)/8 (2)

elsharawy et al.12 0 (0)/0 (0) 0 (0 /1 (6) 0 (0)/0 (0)

Srinivas et al.8 13 (48)/— 4 (15)/6 (21) 2 (7)/2 (7)

Kuo et al.5 7 (22.6)/14 (46.7) —/— 0 (0)/0 (0)

lin et al.13 2 (4)/3 (6) —/— 0 (0)/0 (0)

Huang et al.9 1 (5.6)/0 (0) 0 (0)/0 (0) 3 (16.7)/0 (0)

Martinez et al.14 5 (23)/4 (19) —/— —/—

The first value corresponds to the obtained rates in the experimental group and second value to the rates obtained in the respective control group.
*this value represents the total number of cases in the intervention and control groups.
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nary embolism between CDT and PMT (OR=0.89; 95% 

CI=0.02-47.53). As for death rates, no statistically signifi-

cant differences between CDT/PMT and anticoagulation 

groups (OR=0.67; 95% CI=0.32-1.42) (Figure 9) and be-

tween CDT and PMT groups (OR=2.56; 95% CI=0.33- 

20.03) (Figure 10) were obtained.

Discussion

PTS

PTS is a chronic disease and a common complication of 

DVT, especially after IFDVT. Several studies have shown 

frequencies of PTS of 30% to 40%, despite anticoagula-

tion therapy in IFDVT patients.15 This syndrome can cause 

lation (OR=3.20; 95% CI=1.80-5.71) (Figure 4) but no 

statistically significant differences between the rates of IF 
patency in patients treated with CDT and PMT were found 

(OR=0,78; 95% CI=0.47-1.31) (Figure 5).

There were also no statistically significant differences 
in bleeding rates between anticoagulation and CDT/PMT 

groups (OR=1.28; 95% CI=0.82-2.02) (Figure 6) and be-

tween CDT and PMT groups (OR=0.67; 95% CI=0.28-

1.59) (Figure 7).

Also, pulmonary embolism rates did not present sta-

tistically significant differences between CDT/PMT and 
anticoagulation groups (OR=0.53; 95% CI=0.16-1.76) 

(Figure 8). Only one of the included articles, Huang et al., 

presented adequate results to compare the rates of pulmo-

Figure 2.— Forest Plot showing the odds ratio of PTS in anticoagula-
tion vs. CDT/PMT groups. A Mantel-Haenszel fixed effect model was 
used for meta-analysis. Odds ratio are shown with 95% confidence in-
terval.2, 4, 8 OR: Odds Ratio.

Figure 3.—Forest Plot showing the odds ratio of PTS in CDT vs. PMT 
groups. A Mantel-Haenszel fixed effect model was used for meta-anal-
ysis. Odds ratio are shown with 95% confidence interval. OR: Odds 
Ratio.

Figure 4.—Forest Plot showing the odds ratio of Iliofemoral Patency 
in anticoagulation vs. CDT/PMT groups. A Mantel-Haenszel fixed ef-
fect model was used for meta-analysis. Odds ratio are shown with 95% 
confidence interval. OR: Odds Ratio.

Figure 5.—Forest Plot showing the odds ratio of Iliofemoral Patency in 
CDT vs. PMT groups. A Mantel-Haenszel fixed effect model was used 
for meta-analysis. Odds ratio are shown with 95% confidence interval. 
OR: Odds Ratio.
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nolytic system to dissolve the clot.2, 3 However, only 5% 

of patients treated with this therapy have significant or 
complete clot lysis.3 Systemic thrombolysis was consid-

ered an alternative treatment that reduced the incidence 

of PTS in patients with IFDVT, but such treatment was 

related to an unacceptable risk of bleeding.2, 7 The lack of 

effectiveness of anticoagulant and systemic thrombolytic 

therapies, made expectations rise with the development of 

local CDT and PMT for DVT treatment, due to the effica-

cy of selective thrombolysis and associated endovascular 

therapy, which resulted in faster thrombus dissolution and 

reduced hemorrhagic complications compared to systemic 

infusion.7

In fact, early clot removal by additional endovascular 

chronic limb pain, swelling, edema, pigmentation, sensa-

tion of heaviness and skin ulcers, in severe cases.2, 4

The pathophysiology of this condition is explained by 

ambulatory venous hypertension due to valvular incom-

petence and/or luminal obstruction.4 The acute thrombotic 

occlusion in DVT causes an inflammatory response that 
destroys the vein valves and damages the vein wall, which 

leads to venous insufficiency and to the development of 
PTS.2

In order to avoid the development of this condition, it 

is essential to restore venous patency and maintain valve 

function by eliminating the thrombi in the deep venous 

system.16 The standard of care for IFDVT to prevent PTS 

is anticoagulation, which relies on the endogenous fibri-

Figure 6.—Forest Plot showing the odds ratio of Bleeding in antico-
agulation vs. CDT/PMT groups. A Mantel-Haenszel fixed effect model 
was used for meta-analysis. Odds ratio are shown with 95% confidence 
interval. OR: Odds Ratio.

Figure 7.—Forest Plot showing the odds ratio of Bleeding in CDT vs. 
PMT groups. A Mantel-Haenszel fixed effect model was used for meta-
analysis. Odds ratio are shown with 95% confidence interval. OR: Odds 
Ratio.

Figure 8.—Forest Plot showing the odds ratio of Pulmonary Embolism 
in anticoagulation vs. CDT/PMT groups. A Mantel-Haenszel fixed ef-
fect model was used for meta-analysis. Odds ratio are shown with 95% 
confidence interval. OR: Odds Ratio.

Figure 9.—Forest Plot showing the odds ratio of Death in anticoagula-
tion vs. CDT/PMT groups. A Mantel-Haenszel fixed effect model was 
used for meta-analysis. Odds ratio are shown with 95% confidence in-
terval. OR: Odds Ratio.
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tency and sustained valve function.24, 25 Further prospec-

tive studies with larger populations and data are needed to 

determine the long-term outcomes of patients treated with 

these devices.14, 26 There should also be an improvement in 

mechanical devices to allow treatment with low bleeding 

complications to increase the patient population eligible 

for thrombolysis.1, 20

AngioJet® is an effective option for thrombus removal 

that may increase the efficiency of thrombus clearance and 
lower the necessary infusion dose and time for thrombo-

lytic drugs to act. However, it may cause hemolysis, he-

moglobinuria and vessel wall and valve damage.25 The use 

of large-sized catheters, like 9French (F) or 10F, may be 

a safe and effective strategy to aproach acute lower limb 

DVT for aspiration thrombectomy. Additional intravenous 

thrombolysis can improve the efficacy of this procedure 
and does not seem to be related to a higher risk of bleeding 

in these cases.25 Mechanical thrombectomy with simul-

taneous stenting can avoid complications related to re-

sidual stenosis and has excellent long-term outcomes.27, 28 

More prospective studies with large sample sizes and long 

follow-up periods should be performed to claim the real 

safety and effectiveness of large-catheter use in aspiration 

thrombectomy.

Technique variations There are many ways to perform 

CDT and PMT and multiple trials have been made to de-

termine which techniques are related to more favorable 

outcomes.

The type of thrombolytic drug, thrombectomy device 

and venous access all vary depending on patient clinical 

and anatomical characteristics. The concomitant adminis-

tration of argatroban and tPa is a safe and effective regi-

men for the treatment of massive DVT.29, 30

The DUTCH-CAVA Trial is an ongoing prospective 

randomized and multicenter study that aims to assess if 

CDT can safely and effectively reduce PTS morbidity af-

ter one year, in patients with acute IFDVT. In this trial, 

patients allocated to the intervention group are going to 

be treated with Ekos Endowave® System, while patients 

allocated to the control group will be treated with standard 

anticoagulation treatment.

Thrombolytic effect monitoring

Endovascular techniques of clot lysis or removal also 

reduce the high rate of DVT recurrence. The quantity of 

residual thrombus at the completion of CDT is directly 

correlated with recurrent episodes of DVT.31 PTS risk and 

morbidity is also correlated to the residual thrombus vol-

ume and the complete clearance of the thrombi avoids the 

procedures, such as CDT or PMT, can prevent persistent 

venous obstruction and damage of the vein valves, both 

important causes of secondary venous hypertension, 

which is considered pivotal in the development of chronic 

post-thrombotic leg complications.11

Endovascular techniques and clinical outcomes

CDT is a recent technique in which a catheter is percu-

taneously inserted into the affected vein and advanced 

through the thrombotic segment. The catheter has multiple 

side-holes, which allows the delivery of reduced doses of 

thrombolytic drugs directly into the clot.2, 8 Several studies 

about this modality have shown promising results, focus-

ing mostly on the feasibility of the method in terms of pa-

tency of the treated vein segments.17

PMT combines endovascular thrombectomy and CDT 

and appears to be an effective treatment option to treat 

acute DVT without the bleeding risks related to throm-

bolysis.18, 19 This therapy improves functional outcomes 

of patients with contraindications for lytic therapy.20 In 

patients undergoing CDT, PMT does not adversely affect 

valve function when compared to CDT, but there is a high 

number of reflux in the uninvolved limb.
Thrombectomy devices that make mechanical declot-

ting are being produced by multiple centers and seem to 

be a good alternative to patients that can´t receive con-

ventional thrombolytic therapy.21 However, these devices 

have risks of venous wall and valve injury, due to the me-

chanical forces applied.22, 23 Recent rotator thrombolysis 

devices have shown to reduce in-hospital mortality and 

to decrease PTS morbidity, due to rapid restoration of pa-

Figure 10.—Forest Plot showing the odds ratio of Death in CDT vs. 
PMT groups. A Mantel-Haenszel fixed effect model was used for meta-
analysis. Odds ratio are shown with 95% confidence interval. OR: Odds 
Ratio.
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volvement of the popliteal and tibial veins. The presence 

of thrombus extension to these vessels does not have any 

adverse effect on symptom relief, thrombus recurrence 

or development of PTS in patients treated with thrombo-

lytic therapy.37 Also, inferior vena cava (IVC) thrombus 

extension does not have an impact on the technical suc-

cess of CDT for iliofemoral DVT patients.12 However, 

the presence of thrombosed IVC filters used to prevent 
pulmonary thromboembolism seems to make CDT fail-

ure more likely.38 Bleeding complications, IVC agenesis 

and chronic DVT are related to a failure rate of 9.8% in 

IFDVT patients.2, 10 The presence of malignancy is con-

sidered by some centers as an exclusion criteria for PMT 

due to uncertain or short life expectancy, increased risk 

of bleeding and high recurrence of DVT related to can-

cer.39

Patients with a symptom duration less than 2 weeks, ab-

sence of chronic post-thrombotic lesions and the use of 

pulse-spray technique during CDT were associated to a 

better primary vein patency in long-term.40

Meta-analysis

Our meta-analysis revealed that endovascular treatment 

with CDT or PMT reduces the risk of development of PTS, 

while improving IF patency, when compared to standard 

anticoagulation treatment. There seems to be no differenc-

es between CDT and PMT groups, when it comes to these 

two primary outcomes.

As for the analyzed secondary outcomes, no differences 

were found between not only CDT or PMT and standard 

anticoagulation, but also between CDT and PMT groups, 

in the rates of complications such as bleeding, pulmonary 

embolism and death.

Meta-bias

The limited number of articles included for the quantita-

tive analysis did not justify the elaboration of a funnel-

plot, in order to evaluate the risk of publication bias across 

studies.

Strength of the body of evidence

Most of the included studies have low or unclear risk of 

bias and the presented bias of each study is unlikely to 

lower the confidence in the measured outcomes of this ar-
ticle. For that reason and according to the Grading of Rec-

ommendations Assessment, Development and Evaluation 

(GRADE) systematic approach for certainty of evidence, 

we consider that the presented limitations across studies 

do not downgrade the obtained level of evidence.7

development of this syndrome.3, 32 IFDVT typically has a 

higher volume of thrombus occlusion than DVT in other 

locations, which explains the higher tendency for IFDVT 

recurrence.31

Adequate post-procedure imaging allows identification 
and treatment of residual clot burden and underlying ve-

nous pathology, which can ensure the short and long-term 

success of the intervention.10 For this purpose, the stan-

dard imaging techniques rely on venography.33 Intravascu-

lar ultrasound (IVUS) has also been used as an alternative 

or adjunctive imaging technique.19 IVUS is more sensitive 

than venography in the detection of residual thrombus and 

venous lesions after PMT.10, 19 The routine use of IVUS 

may improve the clinical outcomes of DVT patients.

Measuring the soluble products of fibrin lysis, such as 
D-dimers, is a potential alternative method of noninva-

sive monitoring to access the effect of fibrinolytic thera-

py.22 There is a correlation between the amount of venous 

thrombus lysed during CDT and both the peak of D-dimer 

concentration and time integrated-value.22 Further assess-

ment should be made in prospective studies, in order to 

prove the validity of this procedure.

Clinical complications

CDT most common complication is bleeding, which has 

a very high risk to occur in certain patients. However, the 

prevalence of this adverse effect is relatively low, affecting 

up to 1.7% of patients who have a formal indication for 

CDT.4 Other disadvantages of this technique include long 

time for clot lysis, long hospital stay and heavy economic 

costs incurred by the need for close clinical monitoring.34

There is also a theoretical risk of pulmonary embolism 

after treatment with thrombolytic therapy, caused by clot 

dissolution. The incidence of symptomatic pulmonary em-

bolism has been reported to be 4.5% in these patients.35 

Patients with previous silent venous thromboembolism 

and with heart disease have a higher risk of developing 

symptomatic pulmonary embolism after CDT.18 Selec-

tive IVC filter placement is considered an appropriate ap-

proach for these patients.18

Patient selection

The published literature about this subject fails to identify 

which patients will benefit the most from CDT or PMT. 
According to current data, incomplete clot lysis, recent 

surgery, male gender, phlegmasia and malignant diseases 

are the factors more related to immediate or mid-long term 

failure of this therapy.36

Patients with IFDVT will often have concomitant in-
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echanical thrombectomy in the management of deep vein thrombosis us-
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2015;29:670–4. 
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large-size catheter without pharmacologic thrombolysis. Cardiovasc In-
tervent Radiol 2014;37:412–9. 
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Pharmacomechanical thrombectomy for iliofemoral deep vein thrombo-
sis: an alternative in patients with contraindications to thrombolysis. J 
Vasc Surg 2009;50:1092–8. 

21. Köksoy C, Yilmaz MF, Başbuğ HS, Çalik ES, Erkut B, Kaygın MA, 
et al. Pharmacomechanical thrombolysis of symptomatic acute and sub-

Limitations of this study

We admit some limitations to this study: 1) only two da-

tabases were searched; 2) studies with different designs 

were included in the quantitative analysis; 3) different 

thrombectomy devices were used in the included studies; 

4) different thrombolytic agents were used in the included 

studies; 5) different follow-up periods were considered for 

the included studies. Such limitations can potentially ex-

plain the heterogeneity presented in our analysis. Howev-

er, the systematic review methodology we followed, along 

with the performed statistical analysis strongly support the 

presented results.

Conclusions

PTS and IF patency reduction are frequent complications 

of IFDVT with significative physical burden and eco-

nomical costs, that affects the overall quality of life of pa-

tients.2, 4 Endovascular treatment of IFDVT is an effective 

treatment option for the acute phase of the disease, wheth-

er it is made by thrombolytic or mechanical procedures.

The results of this systematic review and meta-analysis 

support the benefit of CDT and PMT in the treatment of 
IFDVT, regarding the prevention of PTS development and 

to the maintenance of IF patency. There seems to be no 

significant differences between the rates of bleeding, pul-
monary embolism and death, when comparing CDT and 

PMT to anticoagulation or CDT directly to PMT.

To conclude this review, endovascular therapy for IF-

DVT seems to have excellent long-term results. However, 

further investigation should be made about this subject, 

with prospective randomized clinical trials with large pop-

ulations and long-term follow-ups. The results of some on-

going trials, such as the DUTCH-CAVA trial, will be able 

to provide additional information on the subject.
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