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Which one is the best in treating deep 
venous thrombosis —— percutaneous 
mechanical thrombectomy, catheter‑directed 
thrombolysis or combination of them?
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Abstract 

Objective  To compare the treatment outcomes among percutaneous mechanical thrombectomy (PMT) with Angio‑
Jet, Catheter-directed thrombolysis (CDT), and a combination of both.

Methods  One hundred forty nine patients with acute or sub-acute iliac-femoral vein thrombosis accepting CDT and/
or PMT were divided into three groups respectively: PMT group, CDT group, PMT + CDT group (PMT followed by CDT). 
The severity of thrombosis was evaluated by venographic scoring system. Technical success was defined as restored 
patent deep venous blood flow after CDT and/or PMT. Clinical follow-up were assessed by ultrasound or venogra‑
phy imaging. The primary endpoints were recurrence of DVT, and severity level of post-thrombotic syndrome (PTS) 
during the follow-up.

Results  Technical success and immediate clinical improvements were achieved on all patients. The proportion 
of sub-acute DVT and the venographic scoring in PMT + CDT group were significantly higher than that in CDT group 
and PMT group (proportion of sub-acute DVT: p = 0.032 and p = 0.005, respectively; venographic scoring: p < 0.001, 
respectively). The proportion of May-Thurner Syndrome was lower in PMT group than that in CDT and PMT + CDT 
group (p = 0.026 and p = 0.005, respectively). The proportion of DVT recurrence/stent thrombosis was significantly 
higher in CDT group than that in PMT + CDT group (p = 0.04). The severity of PTS was the highest in CDT group ( 
χ2 = 14.459, p = 0.006) compared to PMT group (p = 0.029) and PMT + CDT group (p = 0.006).

Conclusion  Patients with sub-acute DVT, high SVS scoring and combined May-Thurner Syndrome were recom‑
mended to take PMT + CDT treatment and might have lower rate of DVT recurrence/stent thrombosis and severe PTS. 
Our study provided evidence detailing of PMT + CDT therapy.
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What this paper adds
Indication and effect of percutaneous mechanical 
thrombectomy (PMT) + catheter-directed thrombolysis 
(CDT) in treating DVT is not clear. This study compared 
PMT only, CDT only and combination of PMT + CDT 
treatment. The results showed patients with sub-acute 
DVT, high society of vascular surgery (SVS) scoring and 
combined May-Thurner Syndrome may benefit from 
PMT + CDT treatment and might have lower rate of 
DVT recurrence/stent thrombosis and severity level of 
PTS.

Introduction
Deep venous thrombosis (DVT) has a high rate of mor-
bidity and mortality [1]. Besides early complications 
like pulmonary embolism (PE), the late complications, 
such as recurrent thrombosis and post-thrombotic syn-
drome (PTS) can also develop into lifelong diseases [2, 
3]. Researchers have increasingly focused on iliofemoral 
DVT to assess the best treatment strategy for these com-
plications. Anticoagulation therapy is an effective treat-
ment against progression of thrombosis and pulmonary 
embolism [4]. However, most of these patients’ venous 
have residual thrombus [5], and there is high incidence 
of recurrent thrombosis (2%-10%) [6] and PTS (20–50%) 
after anticoagulation treatment [7].

With the development of new endovascular therapy for 
iliofemoral DVT, percutaneous mechanical thrombec-
tomy (PMT) like AngioJet (Boston Scientific) and Cath-
eter-directed thrombolysis (CDT) have been widely used 
in iliofemoral DVT treatment, which can rapidly reduce 
thrombus burden, potentially preserve venous function 
and reduce the risk of PTS. However, which treatment 
is better is still controversial in different studies [8–10]. 
Only few studies have focused on the comparison of 
PMT, CDT, and PMT combined with CDT [10]. In this 
study, we aim to compare the clinical efficacy and out-
comes of PMT, CDT, combination of PMT and CDT in 
iliofemoral DVT patients retrospectively in a center.

Materials and methods
Study participants
This is a retrospective investigation. From October 2015 
to October 2018, patients with acute (≤ 14d) or sub-acute 
(> 14d to ≤ 28d) iliofemoral DVT underwent CDT and/
or PMT were enrolled in this study in Changhai Hospital. 
All enrolled patients had symptoms of swelling or pain 
and were confirmed by ultrasound or venography [11]. 
The patients were divided into three groups retrospec-
tively: PMT group (underwent PMT only), CDT group 
(underwent CDT only), PMT + CDT group (underwent 
PMT first and then CDT). Exclusion criteria included: 

recurrent ipsilateral DVT, isolated DVT below the knee, 
bilateral DVT, contraindication of thrombolytic or anti-
coagulation drugs, and moderate to severe anemia. The 
study was performed according to the requirement of our 
Institutional Ethics Committee (Shanghai Changhai Hos-
pital Ethics Committee) (supplement 1). Each enrolled 
participant agreed to be included in the study and signed 
the consent form. Patient’s comorbidities and risk factors 
were collected (Table 1).

Treatment
All patients received warfarin, new oral anticoagulant 
(Rivaroxaban, 15  mg, twice daily) or low-molecular-
weight heparin (enoxaparin, 150 U/kg per day) on the 
day of diagnosis according to local routines based on 
international guidelines [12]. Interventional therapy was 
performed immediately after venography from the ipsi-
lateral dorsal foot vein. Retrievable inferior vena cava 
filter (RIVCF, Lifetech Scientific, Shenzhen, China) 
were placed via the contralateral femoral puncture if the 
patients with acute, massive pulmonary embolism (PE) 
and floating thrombus or were considered to be at risk 
for further PE during the procedure according to our 
national guideline [13]. The ipsilateral popliteal vein was 
then accessed using a 6-F Introducer (Terumo Medical 
Corp, Tokyo, Japan) under ultrasound guidance (Son-
oSite 180 plus; SonoSite, Bothel, WA, USA) for further 
treatment.

In the PMT group, the AngioJet system (35 mm × 60 mm, 
Boston Scientific, USA) was routinely used as previously 
described [14–17]. After initial antegrade venography 
via an introducer sheath, the 8F AngioJet catheter was 
advanced along a 260-cm guide wire and through the 
thrombosis segment. First, a power pulse lytic model was 
used with 250 000 units of urokinase (Tianpu Pharmaceu-
tical Biochemical Medicine Co, Ltd, Guangzhou, China) in 
50 mL saline solution. 10 min were allowed for the phar-
macological thrombolytic effect and the AngioJet catheter 
was placed in its standard rheolyticthrombectomy mode 
afterwards. This procedure was repeated if significant 
residual thrombus remained on the subsequent venogra-
phy. A maximum 500 ml of suction fluid was used.

In CDT group, multiple-side-hole infusion catheter 
(Angiodynamics, Queensbury, NY, USA) with an infu-
sion length of 40 to 50 cm was deployed into the throm-
botic segment and venography was taken to make sure 
the location was correct. 250 000 units of urokinase 
were injected immediately, and then (20,000–30000 
U/h) was continuously injected for 24–48  h until the 
sign of the improvement of symptoms. The activated 
partial thromboplastin time (APTT) and fibrinogen 
level were measured every 12  h to adjust the heparin 
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and urokinase dose. The APTT should be 2–3 times 
higher than the normal value.

In PMT + CDT group, AngioJet thrombectomy was 
followed by the introduction of a multiple-side-hole 
infusion catheter into the thrombotic segment and 
urokinase was then injected (the dose adjustment 
was the same as CDT group). In this group, patients 
accepted both pharmacological thrombolytic and 
standard rheolytic thrombectomy first, and waited 
for 30-45  min. If the venography showed the residual 
thrombosis greater than 50% and the time of PMT was 
over 10 min, CDT would be used increased.

In the three groups, percutaneous transluminal angi-
oplasty (PTA) needed to be performed before stent 
placement if after CDT and PMT showed that the 
residual iliac-femoral vein had severe stenosis (May-
Thurner Syndrome instead of residual thrombus) > 75%. 
In CDT group and PMT + CDT group, PTA and stent 
placement as described above were performed in the 
secondary operation after CDT if necessary. Warfarin 
or Rivaroxaban were prescribed for at least 6  months, 
and the international normalized ratio (INR) was 
maintained between 2.0–3.0 for Warfarin [12]. All 
the patients used intermediate-pressure compression 
stockings (class II, 23–30 mm Hg) as a standard adjunct 
treatment. Patient demographics, DVT characteris-
tics, individual procedural details and complications 
were all collected and reviewed for each patient. In 
this study, the patients should be taken venography to 

detect RIVCF trapped embolus and residual thrombo-
sis 2 weeks after interventional therapy.

Definitions
The severity of thrombosis was evaluated by venographic 
scoring systems from Society of Vascular Surgery (SVS 
scoring) that has been used in prior DVT studies [18]. 
Involvement of the following deep venous segments 
should be specified as follows: inferior vena cava, com-
mon iliac vein, external iliac vein, common femoral vein, 
femoral vein and popliteal vein. The patency of each 
segment was assessed depending on the results of the 
Venography. Assign grade: 0 = patent; 1 = subsegmental, 
non-occlusive thrombus; 2 = subsegmental, occlusive 
thrombus; 3 = occlusive thrombus throughout the length 
of the segment.

Technical success was defined as complete coverage of 
the thrombosis lesion by CDT or PMT and restored pat-
ent deep venous blood flow. Immediate clinical improve-
ments referred to a decrease in pain or swelling of the 
affected extremity within 24  h of intervention. The dif-
ferences in limb circumferences between DVT limb and 
the contralateral limb at 10 cm above the superior margin 
of patella and 15 cm below the inferior margin of patella 
were measured before and after the operation to judge 
the clinical effect. The degree of thrombus removal was 
graded by calculating the percentage reduction in patient 
total thrombus score and classified as grade I, II and III 
(see Table 2) [18]. Grade II/III was defined as substantial 

Table 1  Patient’s comorbidities and risk factors

Continuous data are presented as means ± standard deviation; Categorical data are given as counts (percentage)

CDT catheter-directed thrombolysis

PMT percutaneous mechanical thrombectomy

PAD peripheral arterial disease

COPD chronic obstructive pulmonary disease

VTE venous thromboembolism, including deep venous thrombosis (DVT) and pulmonary embolism (PE)
a One patient in CDT group and one patient in PMT + CDT group had the history of contralateral DVT. The other four patients in the three groups had the history of PE

Comorbidities and risk factors CDT (n = 65) PMT (n = 49) PMT + CDT (n = 35) χ2/F P

Hypertension 26(40.0%) 15(30.6%) 11(31.4%) 1.326 0.515

Cerebral infarction 7(10.8%) 5(10.2%) 3(8.6%) 0.123 0.940

Diabates 3(4.6%) 2(4.1%) 2(5.7%) 0.123 0.940

PAD 2(3.1%) 1(2.0%) 1(2.9%) 0.122 0.941

Coronary artery disease 4(6.2%) 2(4.1%) 1(2.9%) 0.614 0.736

Surgery or trauma 11(16.9%) 7(14.3%) 3(8.6%) 1.313 0.519

Smoking 5(7.7%) 5(10.2%) 5(14.3%) 1.094 0.579

COPD 0 0 1(2.9%) 3.279 0.194

Immobilization 10(15.4%) 13(26.5%) 6(17.1%) 2.371 0.306

Previous VTEa 2(3.1%) 2(4.1%) 2(5.7%) 0.410 0.815

Malignancy 4(6.2%) 3(6.1%) 1(2.9%) 0.568 0.753
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thrombus reduction. Hemorrhage was recorded as 
complications, divided into mild hemorrhage includ-
ing wound hemorrhage or visible hematoma and severe 
hemorrhage including intracranial hemorrhage or gas-
trointestinal hemorrhage.

Follow‑up
Clinical follow-up were assessed by ultrasound on the 
1st, 3rd, 6th, and 12th month after the procedure and 
annually thereafter. The primary endpoints were recur-
rence of DVT, and severity level of PTS during the fol-
low-up. The secondary endpoints were in-hospital (or 
30-day) mortality, all-cause mortality, other major com-
plications in the hospital (30-day) and during the follow-
up, including intracranial hemorrhage, gastrointestinal 
hemorrhage and symptomatic pulmonary embolisms, 
stent occlusion or restenosis.

Initial patency was defined as patent deep venous 
blood flow confirmed by ultrasound and restenosis of 
deep vein or stent less than 50%. Additional imaging 
(venography or computed tomography venography) was 
performed for clinically suspected recurrence. Clinical 

symptoms and signs during the follow up were statisti-
cally analyzed by Villalta score [19], including 5 symp-
toms –pain, spasm, limb heaviness, paresthesia, skin 
itching and 6 signs –pretibial area edema, subcutaneous 
sclerosis, pigmentation, gastrocnemius tenderness, new 
varicose veins, skin redness and swelling. Each symptom 
and sign was scored as 0, 1, 2, 3 according to the severity 
level as non-occurrence, mild, moderate and severe. The 
total score ≥ 5 points is diagnosed as PTS, 5–14 points 
are defined as mild to moderate PTS, and ≥ 15 points or 
the presence of venous ulcer is defined as severe PTS.

Statistical analysis
Continuous data was expressed as mean ± standard error. 
Data was evaluated with regard to normal distribution 
(Kolmogorov–Smirnov Test) and homogeneity of vari-
ances (Levene’s Test). For analysis of differences between 
the groups, One-Way ANOVA was used, and a significant 
one-way ANOVA result will be followed up with post-hoc 
tests (SNK-q test). In the case of inhomogeneity of vari-
ances or deviation from the normal distribution, Kruskal–
Wallis ANOVA on Ranks was used. Data was analyzed 

Table 2  Procedural characteristics and clinical outcomes in hospital

CDT catheter-directed thrombolysis

PMT percutaneous mechanical thrombectomy

RIVCF: retrievable inferior vena cava filter
a Fatal hemorrhage including intracranial hemorrhage, gastrointestinal bleeding
b The degree of thrombus removal was graded by calculating the percentage reduction in patient total thrombus score (ie, the difference between the baseline and 
post-procedural thrombus scores divided by the baseline score). Thrombus removal grade was classified as follows: 1) minimal or no thrombolysis as grade I: < 50% 
thrombus removal and reduction in thrombus score, partial thrombolysis as grade II: 50%–99% thrombus removal and reduction in thrombus score, and complete 
thrombolysis as grade III: 95–100% thrombus removal and reduction in thrombus score

Variable CDT (n = 65) PMT (n = 49) PMT + CDT 
(n = 35)

χ2/F/
Kruskal–
Wallis H

P value P (CDT vs PMT) P (CDT vs 
PMT + CDT)

P (PMT vs 
PMT + CDT)

Length of hos‑
pital stays

6.7 ± 1.7 4.3 ± 2.0 4.9 ± 1.6 28.081  < 0.001  < 0.001  < 0.001 0.105

Stents 40(61.5%) 31(63.3%) 23(65.7%) 0.171 0.918

RIVCF place‑
ment

35(53.8%) 25(51.0%) 20(57.1%) 0.309 0.857

Total urokinase 
doses(U)

1460.0[1420.0,1520.0] 235.0[185.5,265.0] 660[600.0,720.0] 83.144  < 0.001  < 0.001  < 0.001  < 0.001

Total heparin 
doses(mg)

250[220.0,280.0] 89.0[76.0,99.0] 158.0[135.0,174.0] 81.439  < 0.001  < 0.001  < 0.001  < 0.001

Procedural 
time(min)

53.5 ± 5.4 88.3 ± 8.1 89.7 ± 7.2 499.436  < 0.001  < 0.001  < 0.001 0.377

Thrombolysis 
time(h)

76.3 ± 14.7 0.18 ± 0.03 20.0 ± 4.6 893.337  < 0.001  < 0.001  < 0.001  < 0.001

Fatal 
hemorrhagea

3(4.6%) 2(4.1%) 1(2.9%) 0.183 0.913

Thrombus 
removal gradeb

2.712 0.607

  Grade III 49(75.4%) 36(73.5%) 30(85.7%)

  Grade II 11(16.9%) 7(14.3%) 3(8.6%)

  Grade I 5(7.7%) 6(12.2%) 2(5.7%)
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using SPSS V 13.0 (SPSS, Inc, Chicago, USA), and a two-
tailed P value < 0.05 was considered statistically significant.

Results
Clinical characteristics
A total of 149 patients (male 97) were enrolled and 
assigned to PMT (first applied) + CDT (35/149, 24.5%), 
CDT alone (65/149, 43.6%) and PMT alone (49/149, 
32.9%) groups. The average age was 62.7 ± 12.3  years 
old. The proportion of sub-acute DVT in PMT + CDT 
group was significantly higher than that in CDT group 
and PMT group (χ2 = 7.889, p = 0.019, PMT + CDT vs 
CDT p = 0.032, PMT + CDT vs PMT p = 0.005). The 
number of days from having symptoms to admission in 
the three groups was 15.0 ± 7.7 (CDT), 15.6 ± 7.5 (PMT) 
and 19.1 ± 5.9 (PMT + CDT). Numerically, there were 
slightly higher proportion of patients with longer dura-
tion of symptoms in PMT + CDT group compared to 
the other two groups (F = 3.710, p = 0.027, PMT + CDT 
vs CDT p = 0.009, PMT + CDT vs PMT p = 0.033). The 
proportion of May-Thurner Syndrome in the PMT group 
was lower than that in the other two groups (χ2 = 9.048, 
p = 0.011, PMT vs CDT p = 0.026, PMT + CDT vs PMT 
p = 0.005). The SVS Scoring was 6.98 ± 3.24 in CDT 
group, 7.29 ± 3.39 in PMT group and 9.91 ± 2.83 in 
PMT + CDT group. The SVS Scoring was significantly 
higher in PMT + CDT group than that in the other 
two groups (F = 10.386, p < 0.001, PMT + CDT vs CDT 
p < 0.001, PMT + CDT vs PMT p < 0.001) (Table 3).

Procedural characteristics
The study shows a longer time of hospital stay in 
patients who received CDT only (6.7 ± 1.7  days) as 

compared with PMT + CDT patients (4.9 ± 1.6  days, 
p < 0.001) and PMT patients (4.3 ± 2.0  days, p < 0.001) 
(F = 28.081, p < 0.001). The procedural time was 
88.3 ± 8.1  min in PMT group and 89.7 ± 7.2  min in 
PMT + CDT group, with no statistically significant 
difference (P = 0.377); however, it was longer than 
that in CDT group (53.5 ± 5.4  min), with statistical 
significance (both P < 0.001). The thrombolysis time 
was 76.3 ± 14.7  h in CDT group, 0.18 ± 0.03  h in PMT 
group and 20.0 ± 4.6 h in PMT + CDT group, with sta-
tistically significant differences among the three groups 
(P < 0.001 respectively). The use of stents in the three 
groups had no difference (χ2 = 0.171, P = 0.918). The 
total urokinase dose and heparin dose continued to 
be higher in patients that underwent PMT + CDT 
when compared with PMT patients (P < 0.001 respec-
tively), but lower when compared with CDT patients 
(F = 83.144 for urokinase dose, p < 0.001, F = 81.439 for 
heparin dose, P < 0.001). Protective RIVCF was used in 
35(53.8%) CDT patients, 25(51.0%) PMT patients and 
20(57.1%) PMT + CDT patients to avoid further throm-
bus embolization during the procedure. The stents 
were used in 40(61.5%) CDT patients, 31(63.3%) PMT 
patients and 23(65.7%) PMT + CDT patients. There was 
no significance of RIVCF and stents placement among 
the three groups (Table 2).

Clinical outcomes
All the patients had technical success and immedi-
ate clinical improvements. The degree of thrombus 
removal is shown in Table  2. The mean follow-up was 
34.9 ± 9.1  months (range, 19–53  months) for the three 
groups. DVT recurrence/stent thrombosis happened on 14 

Table 3  Patient characteristics

Continuous data are presented as means ± standard deviation; Categorical data are given as counts (percentage)

CDT catheter-directed thrombolysis, PMT percutaneous mechanical thrombectomy, PE pulmonary embolism
a SVS: society of vascular surgery

Characteristics CDT (n = 65) PMT (n = 49) PMT + CDT (n = 35) χ2/F P P (CDT vs PMT) P (CDT vs 
PMT + CDT)

P (PMT vs 
PMT + CDT)

Gender male 40(61.5%) 34(69.4%) 23(65.7%) 0.765 0.682

Age, years 62.6 ± 13.6 61.69 ± 11.7 64.0 ± 10.6 0.364 0.695

Days from symptoms to admis‑
sion

15.0 ± 7.7 15.6 ± 7.5 19.1 ± 5.9 3.710 0.027 0.680 0.009 0.033

Duration of symptoms 7.889 0.019 0.372 0.032 0.005

  Acute(≤ 14d) 29 26 8

  Sub-acute(> 14d to ≤ 28d) 36 23 27

Involved left side 55(84.6%) 38(77.6%) 28(80.0%) 0.957 0.620

Leg pain 50(76.9%) 36(73.5%) 28(80.0%) 0.495 0.781

Leg swelling 61(93.8%) 45(91.8%) 34(97.1%) 1.015 0.602

Combined with PE 5(7.7%) 3(6.1%) 1(2.9%) 0.938 0.626

May-Thurner Syndrome 44(67.3%) 23(47.1%) 27(77.1%) 9.048 0.011 0.026 0.321 0.005

SVS Scoringa 6.98 ± 3.24 7.29 ± 3.39 9.91 ± 2.83 10.386  < 0.001 0.620  < 0.001  < 0.001
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(21.5%) patients in CDT group, 4 (8.2%) patients in PMT 
group and 2 (5.7%) patients in PMT + CDT group. The pro-
portion of DVT recurrence/stent thrombosis in CDT group 
was significantly higher compared to PMT + CDT group 
(P = 0.04), but failed to reach the significant level com-
pared to PMT group (P = 0.053). A total of 91.4% (60/65) of 
patients in CDT group, 87.8% (43/49) in PMT group, and 
94.3% (33/35) in PMT + CDT group showed substantial 
thrombus reduction rate (grades II/III). There were no sta-
tistical differences in the thrombus removal grades between 
three groups (χ2 = 2.712, P = 0.607). The severity of PTS 
was the highest in CDT group (χ2 = 14.459, P = 0.006) com-
pared to PMT group (P = 0.029) and PMT + CDT group 
(P = 0.006). The severity of PTS did not differ significantly 
between PMT group and PMT + CDT group (p = 0.428). 
The details are shown in Table 4.

Only 1 patient died of lung carcinoma 16 months after 
the treatment in CDT group. A total of 6 bleeding com-
plications occurred after the operations, 3 patients after 
CDT (two with wound hemorrhage and one with gastro-
intestinal hemorrhage), 2 patients after PMT (one with 
wound hemorrhage and one with visible hematoma) and 
1 patient after PMT + CDT (with wound hemorrhage). 
All the hemorrhage patients were successfully treated. 
There was no in-hospital occurrence of death, sympto-
matic pulmonary embolisms, or other severe procedure-
related hemorrhage.

The differences in limb circumferences between DVT 
limb and the contralateral limb before and on the 1st 
and 3rd day after the operation are listed on supplement 
Table 2. Preoperatively, there was no significance regard-
ing the differences in limb circumferences in three groups 
(F = 0.289, P = 0.749). The postoperative differences in 
limb circumferences decreased in all three groups com-
pared to the preoperative differences. There was no dif-
ference among the three groups in limb circumferences 
above or below the knee (F = 1.008, P = 0.367).

Discussion
Due to different treatments, a significant proportion 
of DVT patients will have venous insufficiency. Com-
pared with conventional anticoagulation therapy, throm-
bolytic therapy can rapidly reduce thrombus burden 
[4], potentially preserve venous vascular function and 
reduce the risk of PTS [20]. Improvement of endovascu-
lar techniques makes it possible to use more approaches 
to increase success rate on DVT patients. In this retro-
spective study in our single center, the endovascular 
treatment of CDT, PMT and PMT + CDT was involved 
to provide clinicians with more evidence and technical 
details. In this study, patients in PMT + CDT group were 
featured with longer time from symptoms to admission, 
higher SVS scoring, but lower DVT recurrence/stent 
thrombosis rate and lower PTS severity, which provides 
data support and educates clinicians on the application of 
combined PMT + CDT therapy.

Deficiency of CDT and PMT alone in DVT treatment
Patients that have been treated with CDT often have 
good venous function and health conditions [21]. How-
ever, there are a number of studies demonstrating that 
CDT also have high risk of recurrence and complications 
such as fatal hemorrhage and more severe PTS [22]. In 
this study, patients in the CDT group had longer length 
of hospital stays and higher dosage of anticoagulation 
and thrombolytic drugs, and showed the greatest num-
ber of DVT recurrence/stent thrombosis and severe PTS 
cases among the three groups. The possible explanation 
was that the CDT technique itself could not recover the 
blood flow immediately and provide timely protection for 
venous valve function. This deficiency might lead to the 
recurrence of thrombosis.

Compared with CDT, PMT is an efficient technol-
ogy that directly removes thrombus to reduce the clot 
burden [23]. Because of shorter treatment time, lower 

Table 4  Outcomes during the follow up

CDT catheter-directed thrombolysis

PMT percutaneous mechanical thrombectomy

PTS post-thrombotic syndrome

DVT deep venous thrombosis

Variable CDT (n = 65) PMT (n = 49) PMT + CDT (n = 35) χ2/F/
Kruskal–
Wallis H

P value P (CDT vs PMT) P (CDT vs 
PMT + CDT)

P (PMT vs 
PMT + CDT)

Follow-up(month) 36.4 ± 9.1 35.4 ± 9.0 31.1 ± 8.2

PTS 14.459 0.006 0.029 0.006 0.428

  0–4 43(66.2%) 43(87.8%) 32(91.4%)

  5–14 14(21.5%) 4(8.2%) 3(8.6%)

   ≥ 15 8(12.3%) 2(4.1%) 0

DVT recurrence/
stent thrombosis

14(21.5%) 4(8.2%) 2(5.7%) 6.640 0.036 0.053 0.04 0.667
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lytic agent doses and less risk of hemorrhage, PMT has 
become more and more attractive. The therapeutic effi-
cacy assessment of AngioJet, which is featured with rheo-
lytic thrombectomy system—a major technique in PMT, 
is needed.

AngioJet has been used in our center since year 2013 as 
one of PMT systems. The proposed thrombectomy time 
of AngioJet was 600  s (10  min), however, it was found 
that many residual thrombus remained in deep venous 
after PMT; when DVT was involved in a wide range and 
high venographic scores, the thrombectomy time would 
exceed 10  min, and the treatment required to be car-
ried on with CDT therapy after PMT. In our study, 23% 
(35/149) DVT patients had such condition and accepted 
PMT + CDT treatment accordingly.

Possible indication of PMT + CDT
An increasing number of comparative studies has 
focused on PMT and CDT [24]. However, it is not very 
clear whether the indications of PMT and CDT are 
exactly the same and what kind of patients with DVT are 
suitable for each therapy. With the worldwide application 
of AngioJet, the indication of combined application of 
PMT + CDT need clarification. Liu G, et al. reported that 
the combination of PMT and CDT has higher throm-
bolysis efficacy and lower risk of PTS than using Angio-
Jet alone [25]. In this study, the patients in PMT + CDT 
group got more days from symptoms to admission and 
sub-acute patients took up higher percentage compared 
with the other two groups. The patients in PMT + CDT 
group also got higher SVS scoring. These results indicate 
that the patients in PMT + CDT group have more severe 
conditions and have higher treatment difficulty. The May-
Thurner Syndrome rate in PMT group was much lower 
than the other two groups, which means that PMT alone 
may not be suitable for the treatment of DVT combined 
with May-Thurner Syndrome. These patients were trans-
ferred to PMT + CDT group instead. In our retrospective 
study, combination of PMT + CDT was compared with 
PMT or CDT alone to provide necessary clinical data for 
the standardized use of PMT and/or CDT. According to 
the results, the possible indication of PMT + CDT could 
be concluded as follows: 1) Sub-acute DVT; 2) High SVS 
scoring; 3) DVT combined with May-Thurner Syndrome.

Better clinical outcomes of PMT + CDT compared with each 
of them alone
Compared with CDT, PMT was a new method of endo-
vascular therapy. The comparative results of CDT and 
PMT varied in different studies. CDT can strongly reduce 
the incidence of PTS and improve overall survival for 

patients with DVT [8]. PMT has been shown to lower 
both thrombolytic drug dosage and hemorrhagic risks. 
Few studies focus on the effect of PMT + CDT, and they 
concluded that combination of PMT and CDT has higher 
thrombolysis efficacy and lower the risk of PTS at 1 year 
[10]. In our study, though the patients in PMT + CDT 
group got longer duration of symptoms and higher SVS 
scoring, the combination of PMT + CDT could reduce 
the severity of PTS and the rate of DVT recurrence. How-
ever, PMT + CDT can’t reduce the application of stents 
and RIVCF. The thrombus removal grade and clinic signs 
were not significantly different from that in the other 
two groups. These results showed that PMT + CDT may 
improve the short-term outcomes but only demonstrate 
non-inferiority comparing with the other two groups. 
During the follow up, the mid-long term outcomes of 
PMT + CDT in protecting patients from PTS and throm-
bosis recurrence were significantly better than using 
PMT or CDT alone.

Limitation
Our study is a retrospective study instead of a rand-
omized controlled study, which means that the current 
grouping cannot completely rule out selection offsets and 
the verification of positive conclusions requires a pro-
spective randomized controlled trial in the future. In our 
study, the combination of PMT + CDT was performed 
in one order, i.e. PMT followed by CDT, and the reverse 
order was not tested in this study, as results, the effect of 
PMT after CDT treatment was not clear.

Conclusions
This investigation shows that the therapeutic effect of dif-
ferent interventional treatments on DVT patients is still 
controversial. PMT combined with CDT may benefit 
DVT patients with sub-acute DVT, high SVS scoring and 
combined May-Thurner Syndrome in our center.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13019-​024-​02908-3.

Supplementary Material 1. 

Authors’ contributions
HZ completed the manuscript. Data statistics and analyses were conducted 
by HZ, XL and JL. LZ, HZ, CS, SX and QL operated on the patients. SX, SC and 
WZ were responsible for the postoperative care. LZ revised the manuscript, 
and supervised all the work. All the authors have read and approved the final 
manuscript.

Funding
This study was supported by Shanghai Municipal Health Commission 
(202240388).

https://doi.org/10.1186/s13019-024-02908-3
https://doi.org/10.1186/s13019-024-02908-3


Page 8 of 8Zhang et al. Journal of Cardiothoracic Surgery          (2024) 19:423 

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Competing interests
The authors declare no competing interests.

Author details
1 Department of Vascular Surgery, Changhai Hospital, Navy (Second) Military 
Medical University, Shanghai 200433, China. 2 Department of Neurology, 
Changhai Hospital, Navy (Second) Military Medical University, Shanghai, China. 
3 Department of General Surgery, The Fifth People’s Hospital of Chengdu, 
Chengdu, Sichuan Province, China. 

Received: 9 February 2024   Accepted: 15 June 2024

References
	1.	 Kearon C. Natural history of venous thromboembolism. Circulation. 

2003;107(23 Suppl 1):I22-30.
	2.	 Augustinos P, Ouriel K. Invasive approaches to treatment of venous 

thromboembolism. Circulation. 2004;110(9 Suppl 1):I27-34.
	3.	 Kahn SR. The post-thrombotic syndrome. Hematology Am Soc Hematol 

Educ Program. 2016;2016:413–8.
	4.	 Kearon C, Akl EA, Comerota AJ, et al. Antithrombotic therapy for VTE 

disease: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: 
American College of Chest Physicians Evidence-Based Clinical Practice 
Guidelines. Chest. 2012;141(2 Suppl):e419S-496S.

	5.	 Prandoni P, Lensing AW, Prins MH, et al. Residual venous thrombosis as a 
predictive factor of recurrent venous thromboembolism. Ann Intern Med. 
2002;137(12):955–60.

	6.	 Crowther MA, Ginsberg JS, Julian J, et al. A comparison of two 
intensities of warfarin for the prevention of recurrent thrombosis in 
patients with the antiphospholipid antibody syndrome. N Engl J Med. 
2003;349(12):1133–8.

	7.	 Kahn SR, Ginsberg JS. The post-thrombotic syndrome: current knowl‑
edge, controversies, and directions for future research. Blood Rev. 
2002;16(3):155–65.

	8.	 Lin M, Hsieh JCF, Hanif M, et al. Evaluation of thrombolysis using tissue 
plasminogen activator in lower extremity deep venous thrombosis with 
concomitant femoral-popliteal venous segment involvement. J Vasc Surg 
Venous Lymphat Disord. 2017;5(5):613–20.

	9.	 Ozpak B, Ilhan G, Ozcem B, et al. Our short-term results with percutane‑
ous mechanical thrombectomy for treatment of acute deep vein throm‑
bosis. Thorac Cardiovasc Surg. 2016;64(4):316–22.

	10.	 Wissgott C, Kamusella P, Andresen R. Percutaneous mechanical 
thrombectomy: advantages and limitations. J Cardiovasc Surg (Torino). 
2011;52(4):477–84.

	11.	 Goldhaber SZ, Bounameaux H. Pulmonary embolism and deep vein 
thrombosis. Lancet. 2012;379(9828):1835–46.

	12.	 Guyatt GH, Norris SL, Schulman S, et al. Methodology for the develop‑
ment of antithrombotic therapy and prevention of thrombosis guide‑
lines: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: 
American College of Chest Physicians Evidence-Based Clinical Practice 
Guidelines. Chest. 2012;141(2 Suppl):53S.

	13.	 Ovali C, Kocaoglu AS. Early and mid-term outcomes of patients treated 
with catheter-directed thrombolysis combined with percutaneous 
rotational mechanical thrombectomy for deep vein thrombosis. AZJCVS. 
2023;4(2):24–32.

	14.	 Vogel D, Walsh ME, Chen JT, et al. Comparison of vein valve function 
following pharmacomechanical thrombolysis versus simple catheter-
directed thrombolysis for iliofemoral deep vein thrombosis. J Vasc Surg. 
2012;56:1351–4.

	15.	 Kasirajan K, Gray B, Ouriel K. Percutaneous AngioJet thrombectomy in the 
management of extensive deep venous thrombosis. J Vasc Interv Radiol. 
2001;12:179–85.

	16.	 Huang CY, Hsu HL, Kuo TT, et al. Percutaneous pharmacomechanical 
thrombectomy offers lower risk of post-thrombotic syndrome than 
catheter-directed thrombolysis in patients with acute deep vein throm‑
bosis of the lower limb. Ann Vasc Surg. 2015;29:995–1002.

	17.	 Garcia MJ, Lookstein R, Malhotra R, et al. Peripheral use of AngioJet Rheo‑
lytic Thrombectomy with a variety of catheter lengths) registry. Endovas‑
cular management of deep vein thrombosis with rheolytic thrombec‑
tomy: final report of the prospective multicenter PEARL (Peripheral Use 
of AngioJet Rheolytic Thrombectomy with a Variety of Catheter Lengths) 
registry. J Vasc Interv Radiol. 2015;26:777–85.

	18.	 Mewissen MW, Seabrook GR, Meissner MH, et al. Catheter-directed 
thrombolysis for lower extremity deep venous thrombosis: report of a 
national multicenter registry. Radiology. 1999;211(1):39–49.

	19.	 Kahn SR, Partsch H, Vedantham S, et al. Definition of post-thrombotic 
syndrome of the leg for use in clinical investigations: a recommendation 
for standardization. J Thromb Haemost. 2009;7(5):879–83.

	20.	 Diniz J, Coelho A, Mansilha A. Endovascular treatment of iliofemoral deep 
venous thrombosis: is there enough evidence to support it? A systematic 
review with meta-analysis. Int Angiol. 2020;39(2):93–104.

	21.	 Thomas M, Hollingsworth A, Mofidi R. Endovascular Management of 
Acute Lower Limb Deep Vein Thrombosis: A Systematic Review and 
Meta-analysis. Ann Vasc Surg. 2019;58:363–70.

	22.	 Vedantham S. Catheter-directed thrombolysis to avoid late conse‑
quences of acute deep vein thrombosis. Thromb Res. 2018;164:125–8.

	23.	 Liu X, Cao P, Li Y, et al. Safety and efficacy of pharmacomechanical 
thrombolysis for acute and subacute deep vein thrombosis patients with 
relative contraindications. Medicine (Baltimore). 2018;97(43):e13013.

	24.	 Kuo TT, Huang CY, Hsu CP, et al. Catheter-directed thrombolysis and phar‑
macomechanical thrombectomy improve midterm outcome in acute 
iliofemoral deep vein thrombosis. J Chin Med Assoc. 2017;80(2):72–9.

	25.	 Liu G, Qin J, Cui C, et al. Comparison of Direct Iliofemoral Stenting Follow‑
ing AngioJet Rheolytic Thrombectomy vs Staged Stenting After AngioJet 
Rheolytic Thrombectomy Plus Catheter-Directed Thrombolysis in Patients 
With Acute Deep Vein Thrombosis. J Endovasc Ther. 2018;25(1):133–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Which one is the best in treating deep venous thrombosis —— percutaneous mechanical thrombectomy, catheter-directed thrombolysis or combination of them?
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusion 

	What this paper adds
	Introduction
	Materials and methods
	Study participants
	Treatment
	Definitions
	Follow-up
	Statistical analysis

	Results
	Clinical characteristics
	Procedural characteristics
	Clinical outcomes

	Discussion
	Deficiency of CDT and PMT alone in DVT treatment
	Possible indication of PMT + CDT
	Better clinical outcomes of PMT + CDT compared with each of them alone
	Limitation

	Conclusions
	References


