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Abstract: The aim of this study was to investigate the efficacy and safety of the AngioJet mechanical thrombus 
aspiration device for treatment of acute iliofemoral vein thrombosis. A total of 50 patients with iliofemoral vein 
thrombosis were randomly divided into control and observation groups. For the control group, the catheter was im-
planted, along with the guidewire and retained. This was followed by urokinase injections. For the observation group, 
urokinase was sprayed within the thrombus, which was then aspirated. Thrombolytic catheters were retained for 
0-3 days. Compared with the control group, thrombolysis times, urokinase dosage, and hospitalization times were 
significantly reduced in the observation group. For the control group, angiographies after CDT indicated 10, 9, and 6 
cases of grade III, II, and I thrombus clearance, respectively. A total of 9 patients exhibited iliac vein occlusion. They 
were subjected to balloon dilatation and stent implantation. Inferior vena cava filters were removed from 22 cases. 
For the observation group, patients received thrombus aspiration treatment, followed by 0-3 days of thrombolytic 
therapy. There were 18, 6, and 1 cases of grade III, II, and I thrombus clearance, respectively. No recurrence was 
observed during the follow-up period. Blood flow in patients with stents was patent. The AngioJet mechanical throm-
bus aspiration device is safe and effective in treating acute iliofemoral vein thrombosis. Compared with simple CDT, 
PMT, combined with low-dose CDT, significantly elevates thrombus clearing efficacy, reduces thrombolytic agent 
dosage, reduces thrombolytic times, shortens hospitalization times, decreases bleeding, and enhances patient 
tolerance.

Keywords: Deep venous thrombosis, catheter thrombolysis, percutaneous mechanical thrombectomy, interven-
tional therapy

Introduction

Venous thromboembolism (VTE) includes lower 
extremity deep venous thrombosis (LEDVT) and 
pulmonary embolisms (PE), with a potential 
annual incidence of about 400-500/10 million. 
Incidence has continually increased in recent 
years. VTE has become a serious vascular dis-
ease, threatening the health and quality of life 
of patients. Pulmonary embolisms are the most 
serious complication of VTE and one of the 
most common causes of sudden death, follow-
ing cardiovascular and cerebrovascular dis-
ease [1]. Risk factors of LEDVT can be divided 
into the following two categories: (1) Congenital 
hereditary factors, including antithrombin defi-
ciency, prothrombin G20210A mutation, coagu-
lation factor V Leiden mutation, protein S defi-
ciency, and protein C defects; and (2) Acquired 

factors, including surgical procedures, trauma, 
prolonged braking, long-term bed rest, seden-
tariness, banding, heart failure, obesity, malig-
nant tumors, nephrotic syndrome, infections, 
and estrogen elevation. These factors may in- 
duce venous thrombosis via classic Virchow 
factors (vascular wall injury, abnormal blood 
flow, and blood hypercoagulable status) [2].

Acute LEDVT refers to lower extremity deep 
venous thrombosis formed within 2 weeks, usu-
ally accompanied by sudden swelling of the 
lower extremities, pain, and activity disorders. 
Severe cases might lead to lower extremity 
venous return obstruction and blood stasis, 
even serious conditions, such as pale lower 
limbs, ischemia, and necrosis. At present, the 
basic treatment for acute LEDVT is to remove or 
reduce thrombus, restoring venous blood flow 
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of the lower limbs. The acute phase is the gold-
en treatment period for LEDVT. Without effec-
tive treatment within the acute phase, most 
patients will suffer from post thrombosis syn-
drome (PTS), mainly characterized by intrave-
nous hypertension, venous claudication, and 
venous ulcers, seriously affecting patient qual-
ity of life.

Current feasible treatment methods for acute 
LEDVT mainly include anticoagulant therapy, 
surgical thrombectomy, thrombolysis, and per-
cutaneous mechanical thrombectomy. Antico- 
agulation therapy has been widely accepted 
and recognized as the gold standard for treat-
ment of LEDVT [3]. It has obvious effects on 
treatment of simple gastrocnemius venous th- 
rombosis, preventing expansion and reducing 
formation of thrombectomy, as well as reducing 
pulmonary embolisms. However, anticoagula-
tion therapy cannot completely eliminate exist-
ing thrombus. Even after systemic anticoagula-
tion therapy, incidence of PTS remains relative-
ly high [4]. Surgical thrombectomy is currently 
limited in clinical application due to poor effi-
cacy, large trauma, and easy relapse. On the 
other hand, compared with simple anticoagu-
lant therapy and thrombolytic therapy through 
dorsal veins downstream, better efficacy has 
been reported for catheter-directed thromboly-
sis (CDT) in the treatment of LEDVT. This meth-
od can quickly open blood vessels and reduce 
venous pressure, protecting valve function and 
reducing incidence of PTS. The effectiveness of 
CDT in treatment of acute DVT has been con-
firmed by many clinical trials with high-level evi-
dence. CDT has already been accepted as the 
first option for disease treatment [5]. However, 
there are some patients with contraindications 
against thrombolytic therapy due to a high risk 
of bleeding [6]. Moreover, prolonged duration of 
catheter use might increase incidence of bleed-
ing and infections. Therefore, some patients 
need to terminate treatment before the sched-
uled time. These shortcomings have limited the 
wide application of thrombolysis. 

Percutaneous mechanical thrombectomy (PM- 
T) is a minimally invasive surgery. It mechani-
cally crushes and aspirates the thrombus. It is 
characterized by short operation times, satis-
factory efficacy, less consumption of thrombo-
lytic agents, and no potential bleeding after 
thrombolysis [7]. It has been reported that, 
compared with AngioJet thrombus ablation de- 

vice and CDT, PMT could significantly reduce 
hospital costs and hospitalization times [8]. In 
this study, aiming to investigate the efficacy 
and safety of PMT, combined with low-dose 
CDT, treatment efficacy, thrombolysis times, 
hospitalization times, and number of thrombo-
lytic agents were analyzed and compared be- 
tween combination treatment and simple CDT 
treatment groups. 

Materials and methods

Study subjects

A total of 50 patients with iliofemoral vein 
thrombosis were included in this study. They 
underwent interventional therapy in the Pe- 
ripheral Vascular Intervention Center. Diseases 
were confirmed by vascular ultrasounds and 
lower-extremity venous CTA. There were 22 
males and 28 females (38 cases of left side 
and 12 cases of right side), with an average age 
of 49.32±14.49 years (ranging from 16 to 69 
years). Inclusion criteria were as follows: (1) 
Acute LEDVT and thrombosis course ≤ 14 days; 
(2) No thrombolysis contraindications; (3) No 
pulmonary embolisms which could influence 
disease treatment; (4) Unilateral lower extremi-
ty deep vein thrombosis, as well as thrombosis 
involving the iliofemoral veins, except for pe- 
ripheral deep-vein thrombosis; and (5) Patients 
cooperating with treatment.

In these patients, 5 cases had underwent cae-
sarean sections, 3 cases received appendecto-
mies, 4 cases had ipsilateral high ligation of 
great saphenous veins, 3 cases underwent fix-
ation of femoral neck fractures, 2 cases re- 
ceived total hip replacement, 2 cases had natu-
ral childbirth, 5 cases had malignant tumors, 4 
cases had S protein deficiencies, and 4 cases 
had oral contraceptive history. Moreover, there 
were 2 long-term bedridden patients, 2 patients 
suffered from relapses after long-distance fli- 
ghts, and 11 cases reporting no clear throm-
botic factors before admission. Furthermore, 6 
patients were diagnosed with heparin-induced 
thrombocytopenia (HIT) after admission. These 
50 patients were randomly divided into two 
groups, with no statistically significant differ-
ences in clinical data (Table 1). Prior written 
and informed consent was obtained from every 
patient. The study was approved by the local 
Ethics Review Board.
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Lower-extremity venography and inferior vena 
cava filter implantation 

All 50 patients were placed in the supine posi-
tion. Thrombus sites and thrombosis degrees 
were confirmed by venous angiography of the 
ipsilateral dorsal veins. Of these patients, 8 
patients had been implanted with the inferior 
vena cava filter (OptEase vena cava filter; 
Cordis, Warren, NJ, USA), while the other 42 
cases were first-visit outpatients. Contralateral 
femoral veins were chosen as puncture ap- 
proach. The pigtail catheter was placed in the 
iliac vein of the puncture side. Lower-extremity 
venography was performed. The filter was 
implanted at 1-2 cm below the renal vein. In 
total, 24 OptEase (Cordis, Roden, USA) and 18 
Aegisy (Lifetech, Shenzhen, Guangdong, China) 
filters were used. 

For the 25 patients in the control group, throm-
bolytic catheters were implanted through the 
iliofemoral vein. After the inferior vena cava fil-
ter implantation, the 7F sheath canal (Cordis) 
was used to puncture through the contralateral 
iliofemoral vein occlusion by the cross-moun-
tain method. It was then replaced by the ex- 
change guide wire (0.035 in; Terumo Cor- 
poration, Tokyo, Japan). The thrombolytic cath-
eters were implanted along the guide wire. In 
these control subjects, 12 cases underwent 
successful cross-mountain treatment. In the 
other 13 cases, puncture was performed th- 
rough the ipsilateral popliteal veins under the 
guidance of ultrasound or roadmap, then the 
thrombolytic catheters were held in place. 
Moreover, 250,000 units of urokinase (250,000 
units/injection; NDPHARM, Nanjing, Jiangsu, 
China) were injected through thrombolytic ca- 
theters.

PMT

For the 25 subjects in the observation group, 
16 cases underwent successful cross-moun-
tain treatment, while the other 9 cases were 

punctured through ipsilateral popliteal veins. 
Catheters were placed in the ipsilateral femoral 
popliteal veins. They were replaced by the 7F 
sheath canal and exchange guide wire after 
angiography. The Iliofemoral venous thrombus 
was confirmed by another angiography after 
thrombolytic catheter implantation. Next, 6F 
Xpeedior AngioJet catheters (0.035 in; Boston 
INC, Indianola, PA, USA) were implanted. Each 
patient was injected with 250,000 units of uro-
kinase (NDPHARM; dissolved in 100 mL saline) 
and thrombolytic therapy was conducted using 
the spray mode. After thrombolytic infusion and 
waiting for 15 minutes, the AngioJet mechani-
cal thrombus aspiration device was changed 
from spray mode into aspiration mode. The 
infusion solution was changed into 5,000 U 
heparin in 500 mL saline. For the 6 cases of 
HIT, 20 mg argatroban injections (TIPR Phar- 
maceutical Co., Ltd., Tianjin, China) in 500 mL 
saline were used instead. Thrombus aspiration 
was performed as the AngioJet catheter moved 
along the guidewire at a rate of 1 mm/s. Im- 
mediate angiographies were carried out for 
thrombolysis assessment.

Evaluation of thrombus clearance and patient 
tolerance 

Thrombosis clearance was evaluated according 
to the following criteria [9]: Grade III, thrombo-
sis clearance rate of > 90%; Grade II, thrombo-
sis clearance rate of 50%-90%, most thrombus 
was cleared; and Grade I, thrombosis clearance 
rate of < 50%, thrombus was only partially 
cleared. Patient tolerance was assessed based 
on the following criteria: 1-4 points, comfort-
able; 5-8 points, uncomfortable but bearable; 
and 9-12 points, very uncomfortable, treat-
ment was stopped. 

Catheter-directed thrombolysis and patient 
follow-up

All patients from control and observation gr- 
oups were subjected to the catheter-directed 

Table 1. Basic information of patients

N Age (years)
Gender

Disease 
course (d)

Thrombosis site Inducing factors

Male Female Left Right Post-surgical 
factor

Non-surgical 
factor Unknown

Observation group 25 50.1±14.2 10 15 5.4±2.9 18 7 10 10 5
Control group 25 48.5±15.0 12 13 4.5±3.0 20 5 9 10 6
χ2/t - 0.387 0.325 -1.009 0.439 0.144
P - 0.701 0.569 0.318 0.508 0.931
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thrombolysis. For the control group, the cathe-
ter was retained for 3-7 days, with urokinase at 
a dose of 500,000-750,000 U/d. For the obser-
vation group, the catheter was retained for 0- 
3 days, with urokinase at dose of 250,000-
500,000 U/d. Angiographies were performed 
every day and the clotting time was monitored. 
If the thrombus was completely dissolved and 
iliac vein compression syndrome was observed, 
balloon dilatation was performed and the iliac 
vein stent was implanted. The inferior vena 
cava filter was removed and thrombolytic thera-
py was terminated. If the thrombus was not 
completely dissolved, thrombolytic therapy was 
terminated at 3 days after surgery for the 
observation group and at 7 days post-surgery 
for the control group. 

For patients in the observation group, blood 
and urine routine examinations, as well as liver 
and kidney function assessments, were con-
ducted at 1 days and 7 days after PMT, respec-
tively. Changes in levels of red blood cells, 
hemoglobin, alanine aminotransferase, aspar-
tate aminotransferase, creatinine, and urea 
nitrogen were recorded and compared before 
and after surgery. All patients were subjected 
to lower-extremity venous CTA at 1 month and 6 
months after surgery. Patient follow-ups lasted 
for 1-6 months. Oral anticoagulation therapy 
(INR value was adjusted to 2-2.5 for Warfarin, 
or 20 mg/d Xarelto) was continued for at least 
6 months after surgery. 

Statistical analysis

Data are expressed as mean ± SD. SPSS 16.0 
software was used for statistical analysis. Pa- 
ired and independent sample t-tests were per-
formed for comparisons before and after sur-
gery and group comparisons. The x2 test was 
used for categorical data comparisons. P < 
0.05 indicates statistical significance. 

Results

Clinical data, treatment efficacy, and patient 
tolerance

Thrombolytic effects, thrombolysis times, uro-
kinase dosage, and average hospitalization 
times were analyzed and compared between 
the two groups. Results showed that, for the 25 
patients in the control group, CDT catheter 
indwelling time was 3-7 days, with a mean CDT 

time of 129.6±32.2 hours. Moreover, the uroki-
nase dose was 1,750,000-5,500,000 U, with 
an average urokinase dose of 4,100,000± 
1,060,000 U. Furthermore, the average hospi-
talization time was 7.9±1.4 days. Angiographic 
review, after CDT, showed there were 10 cases 
of grade III thrombus clearance, 9 cases of 
grade II lower-extremity iliofemoral vein throm-
bus clearance, and 6 cases of grade I thrombus 
clearance. In the control group, there were 9 
cases that displayed iliac vein occlusion. They 
underwent balloon dilatation and stent implan-
tation. Finally, the inferior vena cava filters were 
removed from 22 cases.

In the observation group, all 25 patients were 
subjected to thrombus aspiration treatment, 
with an average aspiration time of 230 seconds 
(ranging from 100 to 340 seconds). Angiogra- 
phic evaluations, after aspiration, showed there 
were 12 cases of grade III lower-extremity ilio-
femoral vein thrombus clearance, 5 cases of 
grade II thrombus clearance, and 3 cases of 
grade I thrombus clearance. After thrombolytic 
therapy for 1-3 days, there were 18 cases of 
grade III lower-extremity iliofemoral vein throm-
bus clearance, 6 cases of grade II thrombus 
clearance, and 1 case of grade I thrombus 
clearance. The average thrombolysis time was 
42.2±16.7 hours. The average urokinase do- 
se was 880,000±354,000 U (ranging from 
500,000 to 1,750,000 U). The average hospi-
talization time was 3.8±0.8 days. Ultimately 11 
cases exhibited iliac vein compression follow-
ing thrombolysis. They were subjected to bal-
loon dilatation and stent implantation. The infe-
rior vena cava filters were finally removed from 
23 cases. Statistical analysis showed that, 
compared with the control group, thrombolysis 
times, urokinase dosage, and average hospital-
ization times were significantly reduced in the 
observation group (Table 2) (all P < 0.05). Re- 
sults suggest that, compared with the control 
group, therapeutic effects were significantly 
increased in the observation group. 

For all patients during follow-up period, no 
recurrences were noted at 1 month or 6 months 
after surgery. Results from CTA reviews showed 
no recurrence of thrombosis. Blood flow was 
patent and stable in the patients carrying 
stents. In the experimental group, all patients 
were able to tolerate PMT. Regarding catheter-
directed thrombolysis, there were 16 patients 
feeling comfortable, 7 patients feeling uncom-
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fortable but bearable, and only 2 cases report-
ed unbearable discomfort. On the other hand, 
in the control group, due to longer periods of 
bedtime and surgical procedures of puncture, 
there were 5 patients feeling comfortable, 9 
patients feeling uncomfortable but bearable, 
and 11 cases reporting unbearable discomfort 
(of whom 2 patients terminated CDT treatment 
before the scheduled time). Statistically signifi-
cant differences were observed in tolerance of 
the detaining catheter between these two 
groups (Table 2). Taken together, results sug-
gest that, compared with the control group, 
thrombolysis times, urokinase dosage, and 
hospitalization times were significantly reduced 
for the observation group. The observation 
group was associated with superior therapeu-
tic effects and significantly improved patient 
tolerance. 

Analysis of treatment safety 

To evaluate the safety of PMT, laboratory test 
indicators in the observation group, before and 
after surgery, were analyzed and compared. 
For the observation group, no cases reported 
bleeding or renal function failure, during and 
after aspiration. However, there were 14 cases 
reporting hemoglobinuria, which recovered to 
normal after 3 days. Moreover, significant dif-
ferences were observed in blood cells and 
hemoglobin values before surgery and at 1 day 

after surgery, while no statistically significant 
differences were observed in blood cells and 
hemoglobin values between surgery and at 7 
days after surgery. Furthermore, no statistically 
significant differences were noted in the levels 
of alanine aminotransferase, aspartate amino-
transferase, creatinine, or urea nitrogen before 
surgery and at 1 day or 7 days after surgery 
(Table 3). In addition, 2 cases reported sinus 
bradycardia during iliofemoral vein thrombus 
clearance. Symptoms disappeared when the 
operation was temporarily stopped. Therefore, 
aspiration procedures could be completed. 
Moreover, 1 case reported chilling due to un- 
known reasons. Chills disappeared when the 
operation was temporarily stopped. 

In the experimental group, there were only 2 
cases suffering from bleeding at the puncture 
point. On the other hand, for the control group, 
there were 4 cases reporting bleeding at the 
puncture point during CDT treatment, 2 cases 
with subcutaneous ecchymosis at the back, 
and 1 case with oozing of blood at the tongue 
tip. Results indicate that incidence of bleeding 
for the control group was significantly higher 
than that for the observation group. Hemoglobin 
and red blood cell counts would temporarily 
decline, but soon return to normal levels. Taken 
together, results suggest that PMT, combined 
with low-dose thrombolytic therapy, is safe and 
offers lower bleeding incidence. 

Table 2. Analysis and comparison of treatment and therapeutic efficacy
Catheter-
indwelling  
time (h)

Urokinase 
dosage  
(×104 U)

Hospitaliza-
tion time (d)

Stent  
implantation  

cases

Filter 
removing 

cases

Thrombus clearance Patient tolerance
Grade 

III
Grade 

II
Grade 

I 1 2 3

Observation group 42.2±16.7 88.0±35.4 3.8±0.8 11 23 18 6 1 16 7 2

Control group 129.6±32.2 410.0±106.0 7.9±1.4 9 22 10 9 6 5 9 11

χ2/t -11.457 -14.397 -12.908 0.333 0.000 6.457 12.243

P < 0.001 < 0.001 < 0.001 0.564 1.000 0.040 0.002

Table 3. Comparison of blood test indexes before and after PMT in the observation group
RBC (×109/L) Hb (g/L) ALT (U/L) AST (U/L) Bun (mmol/L) Cr (mmol/L)

Before surgery 4.16±0.35 127±8 34±17 38±15 4.75±1.25 84.1±30.0
1 d after surgery 3.96±0.38 115±10 36±15 39±15 4.83±1.20 85.9±29.1
7 d after surgery 4.14±0.36 125±9 35±16 37±15 4.75±1.24 83.7±28.7
t 9.603 7.646 -1.915 -1.508 -1.819 -2.351

1.168 1.674 -1.401 1.088 0.161 0.406
P < 0.001 < 0.001 0.067 0.145 0.081 0.184

0.254 0.107 0.174 0.288 0.873 0.689
Note: The t and P values reflect the comparison before surgery and 1 day and 7 days after surgery, respectively.
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Analysis of typical cases

The first typical case was a 70-year-old female. 
Her left lower extremities had swelled for 3 
days due to no obvious reasons. As shown in 
Figure 1, lower-extremity vein CTA and left foot 
dorsal vein angiographies indicated iliofemoral 
venous thrombosis (Figure 1A, 1B). The right 
lateral femoral vein was selected as the punc-
ture approach and the inferior vena cava filter 
was implanted. Catheter-directed angiography 
through the puncture in the left popliteal vein 
showed a large amount of thrombus in the left 
iliofemoral vein (Figure 1C, 1D). The AngioJet 

thrombectomy device was implanted through 
the exchange guide wire, then 250 mL saline 
containing 250,000 U urokinase was sprayed. 
After 15 minutes, PMT was performed, basi-
cally diminishing thrombus in the left iliofemo-
ral vein. Angiography assessment indicated 
iliac vein compression syndrome (Figure 1E, 
1F). The case was then subjected to stent 
implantation (12×100 mm) in the left iliac vein, 
completely restoring vein patency (Figure 1G). 
The inferior vena cava filter was removed. Oral 
anticoagulant therapy was continued after sur-
gery. CTA review at 6 months after surgery 
showed patent blood flow in the iliofemoral 

Figure 1. A 70-year-old female whose left lower extremity swelled for 3 days due to no obvious reasons. A, B. Lower-
extremity vein CTA and left foot dorsal vein angiography indicated iliofemoral venous thrombosis. C, D. Inferior vena 
cava filter was implanted through the right lateral femoral vein. Angiography showed large amount of thrombus in 
the left iliofemoral vein. E, F. AngioJet thrombectomy device was implanted through the exchange guide wire and 
PMT was performed. Angiography indicated iliac vein compression syndrome. G. Stent implantation in the left iliac 
vein completely restored vein patency. H. CTA review at 6 months after surgery showed patent blood flow in the 
iliofemoral vein, with satisfactory stent position.
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vein, with satisfactory stent position (Figure 
1H). 

The second typical case was a 67-year-old 
female. She received an appendectomy and 
reported lower extremity swelling at 3 days 
after surgery. The patient was admitted to the 
hospital at 10 days after the appendectomy. 
Lower-extremity vein CTA showed left iliofemo-
ral venous thrombosis, partially extending to 
the inferior vena cava (Figure 2A). The inferior 
vena cava filter was implanted through the 
puncture at the right femoral vein and the left 
femoral vein angiography directed by the cross-

mountain catheter indicated large amount of 
thrombosis in the left iliofemoral vein (Figure 
2B). The AngioJet thrombectomy device was 
implanted through the exchange guide wire, 
then 250 mL saline containing 250,000 U uro-
kinase was sprayed. After 15utes min, PMT 
was performed (Figure 2C), obviously decreas-
ing thrombus in the iliofemoral vein (Figure 2D). 
The thrombolytic catheter was retained. The 
review, 72 hours later, showed that the throm-
bus in the iliofemoral vein was basically 
removed. Moreover, left iliac vein compression 
was observed (Figure 2E). Balloon dilatation 
was then performed in the left common iliac 

Figure 2. A 67-year-old female that received appendectomy and reported lower extremity swelling after surgery. A. 
Lower-extremity vein CTA showed left iliofemoral venous thrombosis, which partially extended to the inferior vena 
cava. B. Inferior vena cava filter was implanted through right femoral vein. Angiography directed by the cross-moun-
tain catheter indicated large amount of thrombosis in the left iliofemoral vein. C. AngioJet thrombectomy device was 
implanted and PMT was performed. D. Thrombus in the iliofemoral vein was significantly reduced after surgery. E. 
Thrombolytic catheter was retained and the review 72 hours later showed that the thrombus in the iliofemoral vein 
was basically removed. Moreover, left iliac vein compression was observed. F, G. Stent (12×80 mm) was implanted. 
Angiography showed complete recovery of the fluency in the left iliofemoral vein. The inferior vena cava filter was 
removed. H. CTA review at 6 months after surgery showed patent blood flow in the iliofemoral vein, with satisfactory 
stent position.
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vein and a stent (12×80 mm) was implanted. 
Angiographies showed complete recovery of 
fluency in the left iliofemoral vein. The inferior 
vena cava filter was removed (Figure 2F, 2G). 
Oral anticoagulant therapy was continued after 
surgery. CTA review at 6 months after surgery 
showed patent blood flow in the iliofemoral 
vein, with satisfactory stent position (Figure 
2H). 

Discussion

CDT has satisfactory therapeutic effects for 
acute LEDVT, even though often accompanied 
by the risk of bleeding. In a previous study, 473 
patients with LEDVT were kept under CDT in the 
Intensive Care Unit. However, 11% of them suf-
fered from massive hemorrhages during treat-
ment and needed blood transfusion therapy 
[10]. Moreover, less severe bleeding was re- 
ported in 16% of those patients, while cerebral 
hemorrhages occurred in 2 cases (one death). 
Some patients had thrombolytic therapy con-
traindications. Longer CDT duration and long-
term intravascular catheter indwelling greatly 
increases incidence of bleeding and infection 
at the puncture point. Due to long-term bed-
times during treatment and the fact that pa- 
tients must keep the lower extremities on the 
puncture side in a straight position, unbearable 
discomfort might lead to early termination of 
treatment. These disadvantages have limited 
the clinical application of CDT. In this study, 
results showed that, in the observation group, 
only 2 cases reported blood oozing at the punc-
ture point. In the control group, more cases of 
blood oozing at the puncture point and subcu-
taneous ecchymosis were noted. Moreover, 
compared with the control group, the dosage of 
thrombolytic agents was dramatically lower in 
the observation group, reducing incidence of 
complications, such as bleeding. For the obser-
vation group, due to shortened catheter indwell-
ing periods, the patients were more tolerant to 
treatment. 

AngioJet works by injecting high-pressure saline 
into the inflow cavity. At the catheter tip, the 
saline is reversed into the outflow cavity, result-
ing in obvious negative pressure (i.e., the Be- 
rnoulli effect) and the thrombus is inhaled into 
the outflow cavity [8]. For the 6F Xpeedior cath-
eter, unlike other simple thrombus aspiration 
catheters, there is a high-pressure spray mode 
before thrombus aspiration. This mode injects 

a certain amount of thrombolytic agent (10000 
psi; 350-450 km/h) into the thrombus. With 
increasing contact areas, the thrombus would 
be crushed and then aspirated, significantly 
enhancing thrombus aspiration efficiency. Co- 
mpared with other PMT equipment, AngioJets 
are characterized by the maintenance of body 
fluid balance, less blood loss, and reduced inju-
ries of the vascular wall. Murphy et al. [11] stud-
ied 33 subjects with LEDVT, in which the 
AngioJet thrombus clearing device has been 
adopted on 18 patients. The Trellis thrombus 
clearing device had been applied in 15 cases. 
They showed that the therapeutic effects of the 
AngioJet device were superior to the Trellis 
equipment. In another study from Lin et al., 98 
patients with lower-extremity acute DVT were 
investigated. A total of 46 cases had been 
treated with CDT therapy, while the other 52 
cases had received PMT therapy with AngioJet 
[8]. They reported comparable therapeutic effi-
ciencies for both groups, showing that PMT is 
associated with dramatically reduced dosage 
of thrombolytic agents, declined complication 
(bleeding) incidence, and decreased ICU and 
hospitalization times, as well as reduced treat-
ment costs. Moreover, a late multi-center PEAL-
registered clinical trial has shown that PMT can 
effectively reduce thrombolysis times and 
reduce the risk of bleeding. However, no signifi-
cant differences were reported, compared with 
CDT treatment [12]. After thrombus aspiration, 
AngioJets can not only quickly reduce the 
thrombus load and restore (partially or com-
pletely) blood flow in the originally occluded 
blood vessels, when combined with CDT, it may 
also increase the contact of the thrombolytic 
agents and thrombus. These factors might sig-
nificantly improve thrombolytic effects. These 
differential conclusions might be due to only 
simple PMT having been applied or having been 
only combined with short-term (2-4 hours) CDT. 
Elongated thrombotic periods might improve 
therapeutic effects. In this study, 25 patients in 
the observation group were subjected to the 
AngioJet thrombus aspiration combined with 
0-3 days of low-dose CDT. Results showed that 
there were 18 cases of grade III lower-extremity 
iliofemoral vein thrombus clearance, 6 cases of 
grade II thrombus clearance, and 1 case of 
grade I thrombus clearance. Compared with 
the simple CDT control group, the thrombus 
clearing effects were significantly enhanced, 
with thrombolytic agent dosage, thrombolysis 
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times, and hospitalization times dramatically 
declined. 

During the injecting and aspirating processes 
of AngioJet, the thrombus is impacted by high-
pressure and high-speed saline flow, which may 
generate shedding fragments. In a previous 
report, 30 patients had been subjected to the 
AngioJet thrombus clearing treatment. In the 
20 patients implanted with inferior vena cava 
filter, no pulmonary embolisms were observed. 
For the other 9 cases carrying no filter, 5 pa- 
tients suffered from pulmonary embolisms, 
confirmed by CTA assessment. These findings 
suggest that the inferior vena cava filter is nec-
essary for the AngioJet thrombus clearance. In 
the current study, all patients had been implant-
ed with the inferior vena cava filters before 
receiving PMT treatment. Since more and more 
evidence has shown that long-term placement 
of the inferior vena cava filter might induce 
complications [13], it has been recommended 
that the implanted inferior vena cava filter 
should be removed if possible. In this study, in 
both groups, the filters were not removed in the 
5 patients with tumors. The filters were suc-
cessfully removed in the other 45 patients after 
CDT. In the observation group, 14 cases report-
ed hematopoietic leukemia after mechanical 
thrombectomy. They returned to normal 3 days 
later. This phenomenon might have been ca- 
used by the fact that high-speed water flow 
destroys red cells and increases the content of 
free hemoglobin in the blood. To reduce renal 
function impairment, adequate hydration en- 
suring enough urine and urine alkalization after 
surgery might represent effective prevention 
methods. In the observation group, patients 
reported temporary decline of red cells and 
hemoglobin after surgery. They were restored 
to normal 7 days later. Moreover, no significant 
differences were observed in liver and kidney 
function indicators before and after surgery. 
Jeyabalan et al. [12] studied 57 cases of Ang- 
ioJet thrombectomy. They showed that 7 cases 
have suffered from arrhythmias. In these 7 
patients, there were 2 cases of temporary car-
diac arrest, which was alleviated after intrave-
nous injections of atropine. The other 5 patients 
report sinus bradycardia, which was ameliorat-
ed when thrombus aspiration was temporarily 
stopped. More than half of these patients with 
arrhythmias have been subjected to the clear-
ance of the inferior vena cava thrombus. Oc- 
currence of arrhythmias might be associated 

with the pressure of the high-speed flow cycle 
on the right atrium stretching receptor. In the 
current study, 2 patients reported sinus brady-
cardia during the iliofemoral vein thrombus 
clearing process. They were alleviated when 
the operation was temporarily paused, allowing 
for the complete aspiration process. It is neces-
sary to prepare for the injection of atropine in 
cases cardiac arrest occurs. Moreover, 1 case 
reported chilling due to unknown reasons. 
Chills disappeared when the operation was 
completed. No special treatments are neces-
sary for these transient reactions. 

In conclusion, present results show that the 
AngioJet mechanical thrombus aspiration de- 
vice is safe and effective in the treatment of 
acute iliofemoral vein thrombosis. It quickly 
reduces symptoms such as lower extremity 
swelling. Compared with simple CDT, PMT, com-
bined with low-dose CDT, can significantly ele-
vate thrombus clearing efficacy, reduce throm-
bolytic agent dosage and thrombolytic times, 
shorten hospitalization times, decrease bleed-
ing, and enhance patient tolerance. Due to the 
limited sample size and follow-up period, pres-
ent findings should be confirmed by further in-
depth multicenter studies. 
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