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Abstract

BACKGROUND

The inferior vena cava filter is utilized worldwide to intercept thrombi and to
reduce the risk of fatal pulmonary embolism (PE). However, filter-related
thrombosis is a complication of filter implantation. Endovascular methods such as
AngioJet rheolytic thrombectomy (ART) and catheter-directed thrombolysis
(CDT) can treat filter-related caval thrombosis, but the clinical outcomes of both
treatment modalities have not been determined.

AIM
To compare the treatment outcomes of AngioJet rheolytic thrombectomy vs
catheter-directed thrombolysis in patients with filter-related caval thrombosis.

METHODS

In this single-center retrospective study, 65 patients (34 males and 31 females;
mean age: 59.0 £ 13.43 years) with intrafilter and inferior vena cava thrombosis
were enrolled between January 2021 and August 2022. These patients were
assigned to either the AngioJet group (n = 44) or the CDT group (n = 21). Clinical
data and imaging information were collected. Evaluation measures included
thrombus clearance rate, periprocedural complications, urokinase dosage,
incidence of PE, limb circumference difference, length of stay, and filter removal
rate.

RESULTS
Technical success rates were 100% in the AngioJet and CDT groups. In the
AngioJet group, grade II and grade III thrombus clearance was achieved in 26
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(59.09%) and 14 (31.82%) patients, respectively. In the CDT group, grade II and grade III thrombus
clearance was accomplished in 11 (52.38%) patients and 8 (38.10%) patients, respectively (P >
0.05).The peridiameter difference of the thigh was significantly reduced in patients from both
groups after treatment (P < 0.05). The median dosage of urokinase was 0.08 (0.02, 0.25) million U in
the AngioJet group and 1.50 (1.17, 1.83) million U in the CDT group (P < 0.05). Minor bleeding was
shown in 4 (19.05%) patients in the CDT group, and when it was compared with that in the
Angio]et group, the difference was statistically significant (P < 0.05). No major bleeding occurred.
Seven (15.91%) patients in the AngioJet group had hemoglobinuria and 1 (4.76%) patient in the
CDT group had bacteremia. There were 8 (18.18%) patients with PE in the AngioJet group and 4
(19.05%) patients in the CDT group before the intervention (P > 0.05). Computed tomography
angiopulmonography (CTA) showed that PE was resolved after the intervention. New PE
occurred in 4 (9.09%) patients in the AngioJet group and in 2 (9.52%) patients in the CDT group
after theintervention (P > 0.05). These cases of PE were asymptomatic. The mean length of stay
was longer in the CDT group (11.67 £ 5.34 d) than in the AngioJet group (10.64 + 3.52 d) (P < 0.05).
The filter was successfully retrieved in the first phase in 10 (47.62%) patients in the CDT group and
in 15 (34.09%) patients in the AngioJet group (P > 0.05).Cumulative removal was accomplished in
17 (80.95%) out of 21 patients in the CDT group and in 42 (95.45%) out of 44 patients in the ART
group (P > 0.05). The median indwelling time for patients with successful retrieval was 16 (13139)
d in the CDT group and 59 (12231) d in the ART group (P > 0.05).

CONCLUSION

Compared with catheter-directed thrombolysis, AngioJet rheolytic thrombectomy can achieve
similar thrombus clearance effects, improve the filter retrieval rate, reduce the urokinase dosage
and lower the risk of bleeding events in patients with filter-related caval thrombosis.

Key Words: Inferior vena cava filter; Thrombosis; AngioJet rheolytic thrombectomy; Catheter-directed
thrombolysis; Clinical outcome

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a retrospective study. A total of 65 patients were enrolled to evaluate the clinical
outcomes of different treatment methods in patients with filter-related caval thrombosis. We compared the
data of patients between the AngioJet rheolytic thrombectomy group (n = 44) and the catheter-directed
thrombolysis group (n = 21). The current results showed no difference in thrombus clearance or filter
retrieval rate. However, the results showed significant differences in urokinase dosage, peridiameter
difference of the thigh, minor bleeding, and length of stay.

Citation: Li JY, Liu JL, Tian X, Jia W, Jiang P, Cheng ZY, Zhang YX, Liu X, Zhou M. Clinical outcomes of
AngioJet pharmacomechanical thrombectomy versus catheter-directed thrombolysis for the treatment of filter-
related caval thrombosis. World J Clin Cases 2023; 11(3): 598-609

URL: https://www.wjgnet.com/2307-8960/full/v11/i3/598.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.598

INTRODUCTION

Patients with deep venous thrombosis (DVT) have a high risk of lethal acute pulmonary embolism (PE)
if left untreated[1-3]. Anticoagulants are the mainstay of prophylaxis in DVT[4,5]. At present, inferior
vena cava (IVC) filters are used to reduce the risk of fatal PE in high-risk patients[6,7]. However,
permanent placement of IVC filters may lead to some complications, such as fracture or migration,
organ injury, and thrombotic events[8-10]. The incidence of filter-related caval thrombosis ranges from
1% to 30%, depending on the type of filter[11-13]. Filter-related thrombosis can cause caval occlusion
associated with some complications, including renal dysfunction and pelvic congestion syndrome[14].
Therefore, early thrombus clearance is essential to restore the patency of the caval outflow. It is
difficult to treat filter-related thrombosis because of the large vessel lumen and the large thrombus
burden. The methods of thrombus clearanceinclude open surgical thrombectomy, catheter-directed
thrombolysis (CDT), and percutaneous mechanical thrombectomy (PMT)[15]. Open surgical
thrombectomy ensures satisfactory long-term clinical outcomes for patients who are not eligible for
endovascular measures[16]. Although CDT is an effective treatment for filter-related caval thrombosis
that can restore blood flow, it increases the risk of bleeding events[13,14,17]. PMT is effective for
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resolving filter-related caval thrombosis, reducing the dosage of thrombolytic drugs and the risk of
bleeding events[18].

A meta-analysis recently reported the treatment outcomes of AngioJet vs CDT for lower extremity
deep venous thrombosis (LEDVT)[19]. Based on our clinical experience, PMT can reduce the risk of
bleeding and may be a good option. What's more, it is unclear whether CDT and PMT lead to major
bleeding or fatal PE in patients with filter-related caval thrombosis. However, the clinical outcomes of
both treatment modalities have not been determined in these patients until now. Therefore, we aimed to
compare ART with CDT in patients with filter-related thrombosis on treatment outcomes for providing
a basis for clinical practice and research.

MATERIALS AND METHODS

Patients

This is a single-center retrospective study. Patients with traumatic lower-limb fractures and
simultaneous DVT who were admitted to Beijing Jishuitan Hospital between January 2021 and August
2022 were enrolled in the present study. The presence of DVT was confirmed with bilateral color
Doppler ultrasound or venography. These patients received an IVC filter before surgical fixation. The
IVC filter was deployed in all patients using the standard technique, and the femoral vein of the healthy
limb was used as the access site for filter placement. Filter removal was attempted within 2 wk after
fracture surgery in all patients, and venography revealed intrafilter and IVC thrombosis. Sixty-five
patients (59.0 years * 13.43 years) were identified for inclusion in the study. General patient information
data, including sex, age, affected limbs, risk factors (fracture types), scope of thrombosis, filter types,
and duration of symptoms (defined as the time from detection oflower extremity DVT to thrombus
clearance), were collected (Table 1). This study received ethical approval from the Ethics Committee of
our hospital.

The inclusion criteria were as follows: (1) Unilateral lower extremity fracture and simultaneous DVT
(femoral and/or popliteal venous thrombosis) in the acute stage; (2) complete medical records; (4) life
expectancy > 1 year; (5) no serious complications of vital organs; (6) no anticoagulant or thrombolysis
contraindication after surgical fixation of fractures; and (7) no previous history of thrombosis.

The exclusion criteria were as follows: (1) Bilateral lower extremity DVT; (2) thrombosis throughout
the iliofemoral vein; (3) history of pregnancy or any hemorrhage; (4) life expectancy < 1 year; and (5)
contraindications related therapeutic drugs.

These patients were assigned to either the AngioJet group (n = 44) or the CDT group (n = 21). The
study profile was shown in Figure 1. Evaluation measures included thrombus clearance rate, peripro-
cedural complications, urokinase dosage, incidence of PE, limb circumference difference, length of stay,
and filter removal rate. The procedure of intervention was as follows (Table 2).

AngioJet rheolytic thrombectomy

A 6-Fr AngioJet thrombectomy catheter (Boston Scientific, Natick, MA, United States) was inserted into
the IVC thrombus via the femoral vein. The power-pulsed spraying thrombolytic mode was used, and
saline-containing urokinase (100 mL of normal saline + 200000 U of urokinase) was injected into the IVC
thrombus at a speed of 1 mm/s. The dosage of normal saline-containing urokinase depended on the
extent of the thrombus. After waiting for 15-20 min, a mechanical rheolytic thrombectomy was
performed for aspiration of the thrombus. If the thrombus remained, we repeated the aspiration 2-3
times. If the inferior vena cava angiography showed that the thrombus remained, a 10F guiding catheter
(OptEase™ Retrieval Catheter, Cordis Corporation, FL, United States) was used to suck the thrombus
out under guidance of an exchange guidewire (Terumo, Japan) via femoral vein access. The catheter
connected a 20 mL injector, and constant negative pressure of the syringe was maintained for repeated
thrombus suction. Finally, inferior vena cava angiography was implemented to assess thrombus
clearance (Figure 2).

CcDT

We placed a thrombolytic catheter (UniFuse, AngioDynamics, Latham, NY, United States) in the
thrombus via the femoral vein. Urokinase was constantly injected through the catheter at a rate of
500000 U/d. Angiography was implemented every 24 h to evaluate the thrombolytic effect (Figure 3).
Thrombolysis was terminated when the plasma fibrinogen level was less than 1 g/L, the IVC was
unobstructed, or there were serious complications. If the inferior vena cava angiography showed that
the thrombus remained, a 10F guiding catheter was used to suck the thrombus out under the guidance
of an exchange guidewire (Terumo, Japan) via femoral vein access. The catheter connected to a 20 mL
injector was maintained for repeated thrombus suction. Eventually, inferior vena cava angiography was
performed to evaluate the thrombus clearance effect.
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Table 1 General data of patients in the two groups, n (%)

CDT group (n=21) AngioJet group (n = 44) XAt P values
Age (yr old) 55.24 +11.92 56.84 +14.19 -0.447 0.656
Male 13 (61.90) 21 (47.73) 1.145 0.285
Affected limbs (left) 10 (47.62) 20 (45.54) 0.027 0.87
Duration of symptoms 11.23 £2.17 11.59 £2.08 -0.63 0.531
Risk factors (fracture types)
Below the knee 6 (28.57) 8 (18.18) 0.913 0.657
Knee 6 (28.57) 14 (31.82)
Above the knee 9 (42.86) 22 (50.0)
Scope of thrombosis
Femoral/popliteal / calf 5(23.81) 6 (13.64) 0.448 0.503
Popliteal / calf 16 (76.19) 38 (86.36)
Filter types
Denali 22 (100.0) 41 (93.18) - 0.545

CDT: Catheter-directed thrombolysis.

Table 2 Intervention related data between these two groups of patients, n (%)

CDT group (n=21) AngioJet group (n = 44) Xt P values
Scope of thrombosis
intra-filter thrombosis 18 (85.71) 38 (86.36) 0 1
intra-filter and IVC thrombosis 3 (14.29) 6 (13.64)
Pulmonary embolism 4 (19.05) 8 (18.18) 0 1
Left lung 2(9.52) 3(6.82) - 0.655
Embolism of lobar artery 1(4.76) 2(0.45) - 1
Embolism of segmental artery 3 (14.29) 6 (13.64) 0 1
Median urokinase dosage (million U, range) 1.50 (1.17, 1.83) 0.08 (0.02, 0.25) -6.495 0
Large-lumen catheter aspiration thrombus 11 (52.38) 33 (75.0) 3.326 0.068
D-Dimer (before intervention) 12.10 (2.29, 30.93)" 8.87 (2.01, 18.88)" -4.472 0
D-Dimer (after intervention) 8.37 (2.67,15.98)" 7.14 (0.43,22.05)" -3.407 0.001

4P < 0.01, before treatment vs after treatment in the catheter-directed thrombolysis group.

PP < 0.01, before treatment vs after treatment in the AngioJet group.

CDT: Catheter-directed thrombolysis; IVC: Inferior vena cava.

JBaishideng®

Filter retrieval

Filter retrieval was performed when the patient was considered low risk for PE. The criteria were as
follows: (1) Decreasing trend or normal serum D-dimer levels; (2) IVC thrombus clearance of more than
95% after ART or CDT; and (3) disappearance or organization of the previously visualized lower-limb
thrombus. The same placement technique as before was applied for venous access for the filter retrieval
procedures. All procedures were performed through the femoral vein. Briefly, after venous access and
the introduction of the angiography catheter, initial venography was performed to evaluate the patency
of the IVC. The filter was retrieved using the Giinther Tulip Retrieval System (William Cook Europe,
Denmark). If the above conditions were not met, anticoagulation therapy was continued, ultrasound or
venography was further assessed for the associated risks, and filter removal was performed at an

optional stage.
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Patients with intrafilter and IVC
thrombosis were enrolled

65 patients were identified
for inclusion

21 patients received CDT 44 patients received AngioJet

Clinical effects and
complications were evaluted complications were evaluted

Clinical effects and

DOI: 10.12998/wjcc.v11.i3.598 Copyright ©The Author(s) 2023.

Figure 1 Study profile. IVC: Inferior vena cava; CDT: Catheter-directed thrombolysis.

Jaishideng®

Anticoagulant therapy

During hospitalization, low molecular weight heparin was routinely given after fracture surgery, and
anticoagulation therapy with 20 mg rivaroxaban was initiated daily after thrombus clearance. Oral
anticoagulant was taken for at least 3 mo after filter removal.

Observation indicators and evaluation criteria

Technical success is defined as uncomplicated implementation of the AngioJet device or CDT for
thrombectomy through femoral vein access. CTA and D-dimer tests were performed before and after
the operation within 3 d. D-dimer was analyzed with a Sysmex CS-5100 System. The laboratory
reference range was 0 to 0.55 mg/mL. The difference in circumference between the affected and
unaffected thighs at 15 cm above the patella was measured before and after treatment. The thrombus
clearance effect was assessed according to the outcomes of the first and last venography. The degree of
thrombus clearance was divided into three types: Grade I (partial clearance (< 50%), grade II (most
clearance (50%-99%), and grade III (complete clearance (100%)[20]. The occurrence of complications was
evaluated, including minor bleeding (epistaxis, gum bleeding, and hematoma), major bleeding
(retroperitoneal or intracranial bleeding), hemoglobinuria, bacteremia, allergic reaction, serious
cardiovascular or respiratory complications, and death. Filter removal of the first phase was defined as
immediate retrieval within 3 d after thrombus removal. After anticoagulation and thrombus clearance,
all filters were removed, and the cumulative removal rate was calculated by the proportion of successful
filter retrieval. The indwelling time of the filter was the time from placement to retrieval. The follow-up
time was more than one month, and patients also underwent routine D-dimer tests every month after
discharge.

Statistical analysis

Continuous variables are presented as medians, minimums, and maximums for nonparametric distri-
butions and were compared by using the Mann-Whitney test. Continuous variables are presented as the
means and standard deviations for parametric distributions, and comparisons were made using the
independent f test. Categorical variables are evaluated as frequencies and percentages and compared by
using the chi-square test or Fisher’s exact test. Statistical significance was defined as P < 0.05. All
statistical analyses were processed with SPSS 23.0 software (SPSS Inc., Chicago, IL, United States).

RESULTS

Patients

Sixty-five (65) patients diagnosed with traumatic lower-limb fracture and simultaneous DVT between
January 2021 and August 2022 were enrolled in the study. Forty-four patients (56.84 + 14.19 years) were
included in the AngioJet group, and 21 patients (55.24 + 11.92 years) were included in the CDT group.
The left lower extremity was affected in 10 patients (47.76%) in the CDT group and in 20 patients
(45.54%) in the ART group (P > 0.05). Risk factors associated with acute DVT in the two groups were
fractures below the knee (28.57% vs 18.18%, P > 0.05), fractures of the knee (28.57% vs 31.82%, P > 0.05),
and fractures above the knee (42.86% vs 50.0%, P > 0.05). The scope of thrombosis in both groups
included the femoral/popliteal/calf vein (23.81% vs 13.64%, P > 0.05) and popliteal/ calf vein (76.19% vs
86.36%, P > 0.05). Filters of Denali were implanted in 22 patients in the CDT group and 44 in the ART
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Figure 2 Angiography was performed to evaluate the thrombus clearance of AngioJet. A: A 31-year-old male patient with acute traumatic lower-limb
fracture and simultaneous deep venous thrombosis received an inferior vena cava (IVC) filter before surgical fixation; B and C: Filter removal was attempted within 2
weeks after fracture surgery, and angiography showed filter-related IVC-iliac vein thrombosis (white arrow); D and E: A 6-Fr AngioJet thrombectomy catheter was
placed for thrombus clearance; F: The 10F guiding catheter was placed and withdrawn, and the thrombus was aspirated under negative pressure until it exited the
body, which could be repeated 2-3 times; G and H: The venography showed the complete clearance thrombus of filter-related IVC-iliac vein thrombosis; I: The
venography showed that the [VC vein was unobstructed after filter retrieval; J: Computed tomography angiopulmonography did not show pulmonary embolism after

intervention.
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group (100% vs 93.18%, P > 0.05). The general information is shown in Table 1.

The scope of thrombosis in both groups included intrafilter thrombosis (85.71% vs 86.36%, P > 0.05)
and intrafilter and IVC thrombosis (14.29% vs 13.64%, P > 0.05). There were 8 (18.18%) patients with PE
in the AngioJet group and 4 (19.05%) patients in the CDT group before the intervention (P > 0.05). CTA
showed that these cases of PE were resolved after the intervention. The PE was located at the level of
segmental or lobar arteries in these patients (P > 0.05). The median dosage of urokinase was 0.08 (0.02,
0.25) million U in the AngioJet group and 1.50 (1.17, 1.83) million U in the CDT group (P < 0.05).
Compared to 33 (75.0%) patients in the AngioJet group, 11 (52.38%) patients in the CDT group were
treated with large-lumen catheter suction after thrombus clearance (P > 0.05). In the CDT group, the
median D-dimer levels were 12.10 (2.29, 30.93) and 8.37 (2.67, 15.98) mg/mL before and after treatment,
respectively (P < 0.05). In the AngioJet group, the median D-dimer levels were 8.87 (2.01, 18.88) and 7.14
(0.43, 22.05) mg/mL before and after treatment, respectively (P < 0.05) (Table 2).

Evaluation of clinical outcomes

The technical success rates were 100% in the AngioJet and CDT groups. Thrombus clearance of patients
in the CDT and AngioJet groups reached grade I (9.52% vs 9.09%), grade II (52.38% vs 59.09%), and
grade III (38.10% vs 31.82%), respectively (P > 0.05). In the AngioJet group, the differences in thigh
circumference were 4.76 + 0.77 cm and 1.58 + 0.51 cm before and after treatment, respectively (P < 0.05).
In the CDT group, the peridiameter differences of the thigh were 4.51 + 0.65 cm and 1.44 + 0.36 cm,
respectively (P < 0.05).

In the AngioJet group, 7 patients (15.91) developed hemoglobinuria after the procedure, which was
relieved after rehydration and hydration, and no hemoglobinuria was found in the CDT group.
Bacteremia was found in one patient (4.76%) in the CDT group, which was relieved by anti-infection
after catheter removal. In the CDT group, minor bleeding was observed in 4 (19.05%) patients, including
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Figure 3 Angiography was implemented to assess the thrombus clearance of catheter-directed thrombolysis. A: A 36-year-old male patient
with acute traumatic lower-limb fracture and simultaneous deep venous thrombosis received an inferior vena cava (IVC) filter before surgical fixation. Filter removal
was attempted within 2 wk after fracture surgery, and venography showed IVC-related caval thrombosis; B: A thrombolytic catheter was placed in the thrombosed
segment via the right femoral vein, and urokinase was continuously injected; C: The venography showed that the most clearance thrombus of filter-related
thrombosis; D: The patient was given anticoagulation therapy with rivaroxaban 20 mg daily after catheter-directed thrombolysis. The venography showed that the
complete thrombus clearance of filter-related thrombosis 7 wk later; E: The venography showed that the IVC vein was unobstructed after the filter removal; F:
Computed tomography angiopulmonography did not show pulmonary embolism after intervention.
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epistaxis in 2 patients, gum bleeding in one patient, and hematoma at the puncture site in one patient,
and the difference was significant compared with the AngioJet group (P < 0.05). New PE occurred in 4
patients (9.09) in the AngioJet group and in 2 patients (9.52) in the CDT group and was asymptomatic in
each case. These PEs were located at the level of segmental arteries in these patients (P > 0.05). The mean
length of stay was longer in the CDT group (11.67 + 5.34 d) than in the AngioJet group (10.64 + 3.52 d) (P
<0.05).

Immediate filter retrieval was successful in 10 out of 21 patients (47.62% success rate) after the
procedure in the CDT group and 15 out of 44 patients (34.09% success rate) in the ART group (P > 0.05).
Cumulative removal was achieved in 17 (80.95% success rate) out of 21 patients in the CDT group and
42 (95.45% success rate) out of 44 patients in the AngioJet group (P > 0.05). Filter retrieval was
unsuccessful in one patient due to superior vena cava malformation and was not conducted in 3 CDT
patients due to organized thrombus, which prevented the capture of the retrieval hook, and in 2
AngioJet patients because of an organized thrombus on the hook. The median indwelling time for
patients in whom retrieval was successful was 16 d (range 13-139 d) in the CDT group and 59 d (range
12-231 d) in the ART group (P > 0.05). The therapeutic effects and complications are shown in Table 3.

The median follow-up time was 4(1,10) months. At the 1-mo follow-up, no major bleeding,
symptomatic PE, recurrent thrombosis or other serious complications was observed after the procedure
in either group. Two (4.5%) patients in the AngioJet group developed recurrent swelling of the affected
limb 1 mo after the intervention. The ultrasound showed venous reflux of the lower extremities. There
was no skin ulceration or pigmentation in the calf after treatment in either group.
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Table 3 Therapeutic effect and complications of patients in the two groups, n (%)

CDT group (n=21) AngioJet group (n = 44) XAt P values
Thrombus clearance grade
Grade I (< 50%) 2(9.52) 4(9.09) 0.281 0.922
Grade II (50%-99%) 11 (52.38) 26 (59.09)
Grade III (100%) 8 (38.10) 14 (31.82)
Complications
Haemoglobinuria 0 7 (15.91) - 0.086
Any bleed 4 (19.05) 0 - 0.009
Bacteraemia 1(4.76) 0 - 0.323
PE after treatment 2(9.52) 4 (9.09) = 1
Left lung 2(9.52) 0 - 0.101
Embolism of segmental artery 2 (9.52) 4 (9.09) - 1
Difference of circumference between affected and unaffected thigh (cm)
Before treatment 4.51 +0.65° 476 +0.77¢ -1.267 0.21
After treatment 1.44 +0.36° 1.58 +0.51° -1.089 0.28
Length of stay (d) 11.67 +5.34 10.64 +3.52 2.215 0.03
Filter removal
the first phase 10 (47.62) 15 (34.09) 1.099 0.294
the cumulative removal 17 (80.95) 42 (95.45) - 0.08
IVCEF retention time (d) 16 (13, 139) 59 (12, 231) -0.991 0.322
D-dimer after 1 mo (mg/L) 0.24 (0.09, 2.15) 0.26 (0.09, 2.62) -4.346 0

P < 0.01, before treatment vs after treatment in the catheter-directed thrombolysis group.
4P < 0.01, before treatment vs after treatment in the AngioJet group.
CDT: Catheter-directed thrombolysis; IVCF: Inferior vena cava filter; PE: Pulmonary embolism.

DISCUSSION

A high incidence of DVT has been reported in trauma patients, especially those with lower-limb
fractures. With transient trauma contraindicating anticoagulant use, temporary perioperative IVC filter
placement is the best prophylactic option for these patients[12,21]. IVC filter placement, however, may
lead to numerous complications[22]. Filter-related thrombosis is one of the complications after
implantation, with an incidence of approximately 10% in these patients[12]. Moreover, filter-related
thrombosis also causes serious complications, such as caval occlusion or shock[14,23]. Prompt treatment
of thrombi and retrieval of IVC filters can reduce the risk of filter-related thrombosis. The more effective
methods for treating acute IVC filter-related thrombosis are CDT or ART[18,24]. No relevant literature
evaluating the clinical efficacy of the two methods has been found thus far.

In our study, endovascular intervention resulted in good clinical outcomes, with a high incidence of
thrombus clearance in patients in both groups. Studies have shown that grade II/III thrombus clearance
was achieved in 80%-91% of acute LEDVT patients who underwent ART and in 83%-97% of acute
LEDVT patients who underwent CDT[20,25]. The results of this study show that the extent of thrombus
clearance in patients with IVC thrombosis is similar to that of patients with LEDVT. However, there
have also been studies reporting 100% clearance of grade II/III IVC thrombosis[18,26]. This is somewhat
different from our study and may be related to the selection of patients, the time of thrombosis, and the
choice of thrombolytic drugs. In our study, manual aspiration thrombectomy (MAT) was performed
according to the effect of thrombus removal after the operation. MAT through a large vascular sheath
and guiding catheter is an adjunctive procedure for thrombus removal. It is also a necessary and
effective means of thrombus clearance because of the large lumen and thrombus burden of the IVC in
the treatment of filter-related thrombosis. In one study, the researchers repeated that MAT could
achieve more than 95% thrombus clearance, which was shown in venography in patients with acute
iliofemoral DVT[27]. However, in another study, the researchers mentioned that MAT had a good
thrombusclearance rate but was less effective than ART for the treatment of IVC filter-related
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thrombosis (74.13 + 19.74% vs 84.58 + 11.90%, P < 0.05)[18]. ART or CDT combined with MAT can
achieve good clinical outcomes, but further studies are needed to confirm this hypothesis in the future.

CDT can rapidly achieve complete thrombolysis without pure anticoagulation but increases the
potential risk of bleeding, which may be life-threatening[28]. It has been reported that the incidence of
bleeding events in CDT ranges from 9.7% to 21.1% in patients with LEDVT[20,25-26]. Our study showed
that the bleeding complication rate was 19.05%, which was similar to that of LEDVT, and no major
bleeding events occurred. In addition to bleeding complications, the management of CDT is also a tricky
problem, mainly reflected in the restriction of patient movement because of indwelling catheters,
bleeding or hematoma, and catheter-related bacteremia. In this study, one patient (4.76%) in the CDT
group developed postoperative catheter-related bacteremia, which was cured by antibiotic treatment.
When catheter-related infection occurs, it is necessary to remove the catheter, which may affect
thrombolytic treatment. Therefore, catheter-related bacteremia should be avoided. ART can quickly
reduce the volume of thrombi, which can achieve better clinical outcomes for inferior vena cava-iliac
vein thrombosis[29]. Transient hemoglobinuria is one of the common complications of ART, and studies
have reported an incidence of 9.1%-19%[18,20]. ART lowers urokinase dosage but causes discomfort,
such as chest tightness, during the procedure in patients with IVC thrombosis. If these conditions occur,
the procedure should be stopped, and thrombus removal can be resumed when the symptoms are
relieved.

Winters et al[30] found that the retrieval rate improved from 23% to 45% over the past five years. It
was reported in another study that the retrieval rate of the filter increased from 6.9% to 22.1% in the past
5 years[31]. This indicates that the retrievable rate is still low. Because it is difficult to complete DVT
treatment within a short retrieval window, one might lose the best chance of filter retrieval. Meanwhile,
a large number of retrievable filters were converted to permanent filters due to capturing thrombi or
displaced or tilted filters[32]. Therefore, it is very important to perform thrombus clearance for filter-
related thrombosis, which can improve the removal rate of the filter. In our study, the cumulative filter
removal rate was 80.95% in the CDT group and 95.45% in the ART group. In addition, it is necessary to
choose a filter such as Denali with a long indwelling time and a high removal rate as much as possible
[33].

Lindsey et al[34] reported that the incidence of trapped IVC filter thrombus was 38% in patients with
symptomatic lower extremity DVT who underwent endovascular interventions. At present, the
occurrence of PE due to thrombus clearance in patients with intrafilter and IVC thrombosis has not been
clinically reported. In our study, the incidence of PE was approximately 9% after ART or CDT in these
patients. These PEs were asymptomatic, located in the pulmonary segmental or lobar arteries and
relieved with conservative anticoagulation. After oral rivaroxaban anticoagulation, the patient's D-
dimer level nearly dropped to normal within one month. This suggests that adequate anticoagulation
after thrombus clearance is essential.

There are still several limitations in this study. First, it is a single-center retrospective analysis, which
makes it prone to patient selection bias and artificial judgment bias for thrombus removal. LEDVT is
different from intrafilter and IVC thrombosis. Thrombus clearance assessment for LEDVT may not be
appropriate for IVC thrombosis. In the future, it is necessary to explore objective methods for evaluating
thrombus clearance. Second, the sample size of the study was limited. Third, due to the short follow-up
period, PTS and venous insufficiency were not evaluated. At present, there is a lack of large-scale
studies and long-term follow-up on the venous patency rate and incidence of PTS after IVC thrombosis
removal.

CONCLUSION

In summary, we reported the advantages and disadvantages of the two surgical methods in the
treatment of patients with filter-related thrombosis. Compared with catheter-directed thrombolysis,
ART can attain similar thrombus clearance effects, improve the filter retrieval rate, reduce the dosage of
thrombolytic drugs and lower the risk of bleeding. ART and CDT did not cause fatal symptomatic PE in
these patients. Because CDT has a greater risk of bleeding, ART may be an alternative treatment for
these patients. However, ART, CDT, MAT and conservative treatment with anticoagulants are effective
treatments for patients with IVC thrombosis. Which method is more advantageous? Large-sample
prospective trials are needed to further confirm the clinical outcome of these treatment modalities.

ARTICLE HIGHLIGHTS

Research background

Filter-related thrombosis is a complication of filter implantation. Early thrombus removal is
implemented to restore the patency of the caval outflow. AngioJet rheolytic thrombectomy (ART) and
catheter-directed thrombolysis (CDT) are endovascular treatment methods for filter-related caval
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thrombosis, but the clinical outcomes of both treatment modalities have not been determined.

Research motivation

We have performed both CDT and ART for filter-related thrombosis at our center. To date, there are few
studies comparing the clinical outcomes of the two surgical methods, and the results are expected to be
reported.

Research objectives
The aim of this study is to compare the clinical outcomes of AngioJet rheolytic thrombectomy with those
of catheter-directed thrombolysis in patients with filter-related caval thrombosis.

Research methods

Sixty-five patients (34 males and 31 females; mean age: 59.0 + 13.43 years) with intrafilter and inferior
vena cava thrombosis were enrolled between January 2021 and August 2022. Of these, patients were
divided into the AngioJet group (n = 44) and the CDT group (n = 21). Clinical data and imaging
information were collected. Evaluation measures included thrombus clearance rate, periprocedural
complications, urokinase dosage, incidence of PE, limb circumference difference, length of stay, and
filter removal rate.

Research results

There was no significant difference in thrombus clearance between the two groups (P > 0.05). The
peridiameter difference of the thigh was significantly reduced in the patients of both groups after
treatment (P < 0.05). The median dosage of urokinase was significantly lower in the ART group (0.08
(0.02, 0.25) million U) than in the CDT group (1.50 (1.17, 1.83) million U) (P < 0.05). Minor bleeding was
shown in 4 (19.05%) patients in the CDT group, and when it was compared with that in the Angio]et
group, the difference was statistically significant (P < 0.05). There was no case of symptomatic PE after
the procedure in either group. The mean length of stay was 11.67 £ 5.34 d in the CDT group and 10.64 +
3.52 d in the AngioJet group (P < 0.05). Cumulative removal was accomplished in 17 (80.95%) out of 21
patients in the CDT group and in 42 (95.45%) out of 44 patients in the AngioJet group (P > 0.05).

Research conclusions

Compared with catheter-directed thrombolysis, AngioJet rheolytic thrombectomy can achieve similar
thrombus clearance effects, improve the filter retrieval rate, reduce the urokinase dosage and lower the
risk of bleeding events in patients with filter-related caval thrombosis.

Research perspectives
Further large, prospective clinical studies of the clinical outcomes of CDT and ART are needed.
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