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Abstract

Purpose The present study aimed to investigate the preliminary safety and efficacy of rheolytic thrombectomy (RT)
using an AngioJet Zelante DVT catheter or a Solent Omni catheter for acute proximal deep vein thrombosis (DVT).

Material and methods We conducted a retrospective review of 40 patients who were treated with an AngioJet RT
between January 2019 and January 2021, and then the patients were divided into the ZelanteDVT group (n=17) and
the Solent group (n=23). Data on demographics, clinical characteristics, technical success, clinical success, complica-
tions, and early follow-up were analysed.

Results No significant differences regarding demographics were detected (all p>.05). The technical success rates
were both 100%. The ZelanteDVT group had a shorter duration of RT and a higher primary RT success than the Solent
group (all p<.05), and the percentage of adjunctive catheter-directed thrombolysis (COT) was 29.4% in the Zelant-
eDVT group, which was significantly lower than the 73.9% in the Solent group (p=.010). The clinical success rates for
the ZelanteDVT group and Solent group were 100% (17/17) and 95.7% (22/23), respectively, and these values were
high in the two groups (p>.05). Apart from transient macroscopic haemoglobinuria occurring in all the patients dur-
ing the first 24 hours post-RT, none of the patients in either group suffered other procedure-related adverse events

or major complications. Minor complications included bleeding events in 21.7% (5/23) of the patients in the Solent
group and one (5.9%) patient in the ZelanteDVT group (p >.05). At 6 months, the frequency of PTS was 5.9% (1/17) in
the ZelanteDVT group and 17.4% (4/23) in the Solent group (p>.05).

Conclusion Both catheters are safe and effective in managing patients with proximal DVT, thus leading to improved
clinical outcomes with few complications. The ZelanteDVT catheter was more effective than the Solent catheter

in thrombectomy, thus allowing for faster extraction of the DVT with a shorter run time and lower proportions of
patients with adjunctive CDT.
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Introduction

Acute proximal deep vein thrombosis (DVT), which
refers to a thrombosis that emerges in the iliofemoral vein
and/or popliteal vein, occurs in 1/1000 of adults annually
and has become the third most common vascular disease
[1-3]. Without prompt treatment, there is a high risk that
DVT will develop pulmonary embolism (PE) sequelae,
which has an increased risk of mortality. In recent years,
many strategies have been improved and widely applied
for the treatment of proximal DVT [2, 3]. Traditionally,
conservative therapies mainly consist of anticoagula-
tion and compression stockings; however, approximately
half of these patients develop venous dysfunction that
results in postthrombotic syndrome (PTS) [1-4]. Gradu-
ally, more aggressive endovascular therapies, including
catheter-directed thrombolysis (CDT) [4], percutaneous
mechanical thrombectomy (PMT) [1-3], percutaneous
transluminal angioplasty (PTA) and stent placement,
have emerged and these modalities have advantages com-
pared to conservative anticoagulation therapies.

PMT, using various devices for DVT, has become an
option that be quickly performed in addition to open
surgical thrombectomy [2, 3]. Mechanisms of throm-
bus removal mainly include suction, rotation, rheolytic
thrombectomy (RT) and ultrasound [1]. The Angio-
Jet device, which represents a main modality for the
treatment of RT, is based on a pharmacomechanical
thrombectomy via active aspiration and pulsatile lytic
delivery [1, 5]. It can facilitate the rapid removal of a
thrombus, potentially decrease the recurrence of DVT,
and further reduce the severity of PTS [2, 3, 5]. How-
ever, the main outcomes underlying different specifica-
tions of commonly applied AngioJet catheters remain
unclear. More than half of the PEARL patients who
received a single Solent® catheter experienced incom-
plete thrombus removal, and adjunctive CDT was
needed. The ZelanteDVT® catheter (8-French (F), Bos-
ton Scientific, Maple Grove, MN, USA) is a novel RT
catheter that has been inserted for DVT treatment in
recent years [6, 7]. However, relatively few studies on
the performance and complications of the two cath-
eters have been reported.

Dopheide et al. [6] first reported the utility of a
ZelanteDVT catheter for the treatment of proximal
DVT. The ZelanteDVT, a novel RT catheter, has been
updated and exhibits the following features in com-
parison to the Solent catheter: a) an 8-F catheter lumen
which is larger than a 6-F lumen, b) a modified struc-
ture at the treatment segment that has one larger proxi-
mal suction window and one smaller distal outflow
window, and c) a rotational hub to achieve directional
thrombus removal [6, 7]. Although two AngioJet mod-
els using different catheters use the same mechanistic
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platform, whether this novel ZelanteDVT catheter has
improved safety and competitive catheter performance
when compared to the Solent catheter in clinical prac-
tice remains obscure because there is a lack of a com-
parative study [2]. Better knowledge of these catheter
characteristics might lead to optimized differentiated
selection and therefore lead to a reduction in complica-
tions and improved long-term venous patency.

The purpose of the present study was to compare
the preliminary outcomes, including grade of venous
thrombus removal, clinical outcomes, and potential
complications, of the AngioJet ZelanteDVT catheter
and the conventional Solent Omni catheter (6-F, Bos-
ton Scientific, Fremont, Calif, USA) in patients with
acute proximal DVT.

Materials and methods

Study design and patients

The Institutional Review Board of our hospital approved
this retrospective single-centre study and waived the
requirement for written informed consent for the use of
electronic medical records and imaging data. Informed
consent was obtained from all participating patients
receiving endovascular treatment before therapy. Before
August 2019, the AngioJet ZelanteDVT catheter was not
an available option in our country. The Solent catheter
was the exclusive catheter of choice. The ZelanteDVT
catheter has been a choice since August 2019, when it
became available.

From January 2019 to January 2021, 40 consecutive
patients (mean age 58.9+18.5years; 65% female) with
proximal DVT involving the popliteal, femoral, com-
mon femoral, and/or iliac veins (with or without other
involved ipsilateral veins) who underwent AngioJet RT
using a ZelanteDVT catheter (ZelanteDVT group) or a
Solent catheter (Solent group) were recruited. RT was
performed by two senior endovascular operators with
>10vyears of extensive experience in endovascular ther-
apy in both groups. All the patients were treated by RT
with the same type of AngioJet pump unit (Boston Scien-
tific, Fremont, Calif, USA). Patients were included in this
study if they met the following inclusion criteria: diag-
nosed with acute phase (had symptom onset <14-days)
and with at least 180days of follow-up; experienced
proximal DVT; and a ZelanteDVT or Solent catheter was
inserted for RT. The exclusion criteria for the included
patients were age < 18years or estimated life expectancy
<3 months.

Management strategies

The initial diagnosis of proximal DVT in each treatment
group was verified by medical history and physical exam-
ination and then objectively confirmed by compression
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ultrasound. If these results were inconclusive, supple-
mentary venography was performed. When DVT was
identified, management strategies were instantly per-
formed. The option of an AngioJet Zelante DVT catheter
or a Solent catheter was left to the discretion of the group
of endovascular operators, and mainly depended on the
catheter availability and clinical experience.

AngioJet RT reperfusion

Following popliteal access (required with the use of ultra-
sound guidance) or femoral access with a 10-F sheath
under local anaesthesia and strict sterile techniques, RT
using a ZelanteDVT catheter or a Solent catheter was
performed for pharmacomechanical thrombus fragmen-
tation, suction or aspiration. First, the RT catheter was
slowly advanced through the thrombotic segment (only
submerged in vessel diameter estimated >6mm). For
patients without contraindications of thrombolysis, 3 mg
of rt-PA [total injected volume of 50ml] was intraclot
injected under the Power Pulse® model. After 20 minutes
of dwell time, with the pump unit active during slow cath-
eter passages (3mm/s to 5mm/s), runs were performed
across the thrombotic segment in a distal-to-proximal
or adverse direction under fluoroscopic guidance. Each
device activation run lasted at less than 20seconds with
breaks of 30seconds between the runs to avoid arrhyth-
mia, and the total run times were monitored and kept no
more than 240seconds.

Adjunctive with reduced-dose CDT

If residual thrombus (defined as thrombus removal
grade <I) was present and did not meet the exclusion
criterion of thrombolytic contraindications, a continuous
infusion of reduced-dose recombinant tissue plasmino-
gen activator (rt-PA) (Alteplase; Boehringer-Ingelheim,
Ingelheim am Rhein, Germany) was delivered subse-
quently via a multi-side hole catheter (Uni*Fuse, Angio-
Dynamics, Boston Scientific, USA) embedding into the
thrombus. Then, 17mg/20mg alteplase was adminis-
tered at an infusion rate of 0.01 mg/kg per hour following
CDT. The maximum rate was less than 1.0mg/h, and the
total doses were less than 50 mg, as noted elsewhere [8].
CDT was discontinued when at least 80% clot lysis with
restoration of flow or a serious complication occurred.
Alteplase was administered only when the fibrinogen
level was >1.0g/L.

Other comprehensive therapy

A temporary filter was inserted via the nonaffected
femoral or jugular vein into the inferior vena cava (IVC)
prior to the next procedure for patients with an exten-
sive thrombus in the proximal vein that was evaluated
as potentially life-threatening and was retrieved after the
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proximal DVT was removed and potentially life-threat-
ening conditions were relieved. Consistent with local
routines based on published guidelines [9], anticoagu-
lant treatment was initiated immediately when DVT was
identified with the use of subcutaneous low molecular
weight heparin (LMWH) at a bolus dose of 100 units/kg
twice daily. PTA and/or stent placement was encouraged
for lesions that caused 50% or greater diameter narrow-
ing of the iliac and/or common femoral vein, robust col-
lateral filling, and/or a mean pressure gradient of more
than 2mmHg. At the end of LMWH, oral rivaroxaban
was directly commenced at a dosage of 15 mg twice a day
over the subsequent 21 days and 20mg once a day there-
after for at least 6 months. In addition, the use of com-
pression stockings (ankle pressure was approximately
30—-40 mmHg) for more than 1 year was recommended.

Outcomes and safety

Technical success was defined as the successful use of
AngioJet RT. Thrombus score was calculated through
venography imaging by two experienced interventional
physicians independently depending on pre-RT, at the
completion of RT or post-CDT, by adding the scores of
six vein segments (common iliac vein, external iliac vein,
common femoral vein, proximal and distal segments of
femoral vein, and popliteal vein). Thrombus scores were
0 when the vein was patent and completely free of throm-
bus, 1 in condition of a partially occluded vein, and 2 in
condition of a completely occluded vein (i.e., vein lumen
completely occluded with massive thrombus). The score
was calculated for each segment, resulting in possible
total thrombus scores. The thrombus removal rate was
calculated as follows: [total pre-RT scores - total com-
pletion of RT (or total post-CDT scores)]/total pre-RT
scores x 100%. Thrombus removal grades were evalu-
ated as grade III (100% thrombus removal rate with no
residual clots), grade II (50-99% thrombus removal rate),
and grade I (<50% thrombus removal rate). Thrombus
removal grades II and III (i.e., >50% thrombus removal
rate) were considered clinical success [10], which con-
sisted of primary RT success and adjunctive CDT suc-
cess. The primary RT (defined as patients who did not
require adjunctive CDT treatment) success was classified
based on preprocedural and at completion of RT throm-
bus scores evaluated as grade II and grade III. Adjunctive
CDT (defined as patients who required adjunctive CDT
treatment) success was classified based on preprocedural
thrombus scores and those at the end of adjunctive CDT
that were evaluated as grade II and grade III. The require-
ment of necessary adjunctive PTA and/or stent place-
ment to treat coexisting stenosis to obtain sufficient flow
within the same hospital stay was recorded but not con-
sidered clinical failure.
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The safety outcomes consisted of procedure-related
and CDT-related complications. The former included
vessel perforation or damage (such as extravasation or
retention of contrast agent in the vessel wall), brady-
cardia, arrhythmias or acute kidney injury (AKI). With
adherence to the Society of Interventional Radiology
(SIR) [11], the latter feature was divided into major CDT-
related complications, which were defined as intracranial
bleeding or bleeding severe enough to result in death,
surgery, cessation of therapy, or blood transfusion, and
minor complications, which were defined as less severe
bleeding manageable with local compression, sheath
upsizing, and/or alterations of thrombolytic agent dose
and anticoagulant dose [11]. The SIR classification of
complications is listed in the Supplementary Table.

Follow-up

The data on the resolution of symptoms were evaluated
at the 6-month follow-up via re-examination or tele-
phone using the Villalta PTS Scale [12], which is scored
on a 4-point scale (0=none, 1=mild, 2=moderate,
3 =severe). Short-term outcomes were defined as data at
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the 6-month follow-up, including recurrent DVT, hospi-
tal readmission, or death.

Statistical analysis

The SPSS statistical software package (version 23.0; SPSS
statistical software, Chicago, Illinois, USA) was used to
perform all statistical analyses in this study. Continuous
variables are expressed as the mean +standard deviation.
Here, ¢ tests were used to assess the correlation between
preprocedural and postprocedural variables and between
groups. Qualitative variables are presented as numbers
and percentages. The significance of qualitative variables
was assessed using Fisher’s exact test. Findings with a p
value less than 0.05 were deemed statistically significant.

Results

Baseline demographics and clinical characteristics

A total of 40 patients were included in this study, with
17 patients in the ZelanteDVT group and 23 patients in
the Solent group. The demographics and characteristics
of these 40 patients are summarized in Table 1. No sig-
nificant differences regarding age, sex, onset time, limb

Table 1 Patients'Demographics, and Presentation, Lesion Characteristics and Risk Factors of DVT

Characteristic

ZelanteDVT Group (n=17) Solent Group (n=23)

Age, years, mean =+ SD
Female, sex, n (%)
Onset of Symptoms at Presentation, n (%)
<7days
>7days and < 14days
Thrombus Segment
Isolated iliofemoral DVT
With popliteal/calf DVT
Thrombus Limbs
Left
Right
Bilateral
Risk Factors, n, (%)
Major surgery history
Immobilization
Hospitalization
Recent trauma
May-Thurner syndrome
Childbirth
Malignant disease history
Autoimmune diseases
Previous DVT or PE
Family history of venous thromboembolism
Unknown factors

5544215 6044154
10 (58.8) 16 (69.6)
11 (64.7) 16 (69.6)
6(35.3) 7 (30.4)
11 (64.7) 15 (65.2)
6(353) 8(34.8)
9(52.9) 16 (69.6)
8(47.1) 7 (30.4)
0(0) 0(0)
3(17.6) 5Q217)
2(118) 3(13.0)
2(11.8) 4(174)
4(235) 3(13.0)
1(5.9) 4(17.4)
1(59 1(43)
1(5.9) 3(13.0)
1(5.9) 2(87)
4(23.5) 3(13.0)
1(5.9) 2(87)
4(235) 4(174)

DVT Deep vein thrombosis, PE Pulmonary embolism

Continuous data are presented as the means + standard deviations; categorical data are given as the counts (percentage)
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characteristics, or risk factors were detected between the
two groups (all p>.05).

Procedure details and outcomes
All the patients in the two groups received recoverable
IVC filters prior to RT treatment, and all filters were
successfully retrieved, filling defects into the filters were
observed in 5.0% (2/40) patients during repeat venogra-
phy, which disappeared after thrombolysis. All patients
underwent AngioJet RT successfully, and the technical
success rates were both 100%. The intraoperative proce-
dures and treatment details are shown in Table 2.

No significant difference in the mean procedural time
was noted between the two groups (1.61+.15h vs.
1.72£.22h; p>.05), but the ZelanteDVT group had a
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shorter RT duration (47.65414.37s vs. 73.91+18.52s;
p=.000) (listed in Table 2). As calculated, the throm-
bus scores pre-RT in the ZelanteDVT group and Solent
group were similar (9.65+2.15 vs. 9.57£1.90; p>.05).
After the RT procedure, the thrombus scores of the
ZelanteDVT group significantly decreased (9.65+2.15
vs. 2.71+£2.64; p<.05). The primary RT success was
more apparent in the ZelanteDVT group than in the
Solent group (70.6% vs. 26.1%; p=.010). The percent-
age of patients who needed adjunctive CDT was signifi-
cantly lower in the ZelanteDVT group than in the Solent
group (29.4% vs. 73.9%; p=.010). The total adjunctive
CDT time and agent dosages were not significantly dif-
ferent (all p>.05). The ultimate thrombus scores and
thrombus removal grades at the end of adjunctive CDT

Table 2 Procedure Characteristics by Treatment Catheters and Outcomes

Characteristics ZelanteDVT Group Solent Group (n=23) p value
(n=17)

Success of thrombus removal, n (%)

Primary RT success 12 (70.6) 6(26.1) 010

Adjuvant CDT success 5(29.4) 16 (69.6) 018
Clinical success 17 (100) 22(95.7) 1.000
Adjuvant other endovascular methods, n (%)

Balloon angioplasty 11 (64.7) 13 (56.5) 747

Stent placement 6(35.3) 4(174) 274
Duration of operation procedure, (h, mean = SD) 1.614.15 172422 086
RT procedure

Patients used PP model, n (%) 14 (82.4) 20 (87.0) 1.000

Mean RT duration time, (s, mean &= SD) 47.65+14.37 739141852 .000
Adjuvant CDT procedure

Number, n (%) 5(294) 17 (73.9) 010

Mean duration time, d 200+£1.22 3.00+£1.27 136

rt-PA dose, mg 1820£11.10 2735+£12.19 149
Thrombus scores

Pre-RT 965+2.15 9.57+£1.90 899

RT-completion 271+£2.64 4354231 043

CDT-completion 200+£1.40 1.65+1.46 637
Thrombus removal grades, n (%)

Grade | 0(0) 1(4.3) 1.000

Grade |l 10 (58.8) 13 (56.5) 1.000

Grade lll 7(41.2) 9(39.1) 1.000
Complications, n (%)

Minor (SIR A, B: nominal or no therapy, no consequence) 1(5.9) 5(21.7) 216

Major (SIR C, D, E: requires therapy or permanent sequelae) 0(0) 0(0) -

Major-death (SIR F: death) 0(0) 0(0) -
Procedure-related PE, n (%) 0(0) 0(0) -
In-hospital length of stay, d 7994209 9.91+£3.00 030
PTS at 6-month follow-up, n (%) 1(5.9) 4(0174) 546

DVT Deep vein thrombosis, CDT Catheter-directed thrombolysis, RT Rheolytic thrombectomy, PP Power pulse

Continuous data are presented as the means + standard deviations; categorical data are given as the counts (percentages)
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in the two groups were similar. The ZelanteDVT group
had a shorter hospitalization time than the Solent group
(7.99+£2.09 d vs. 9.91 £3.00 d; p=.030).

At completion, 64.7% (11/17) of the patients in the
ZelanteDVT group underwent PTA, and 56.5% (13/23)
of the patients in the Solent group underwent PTA. The
35.3% (6/17) rate of stent use in the ZelanteDVT group
seemed to be slightly higher than that in the Solent
group (17.4%, 4/23), but the difference was not signifi-
cant (p>.05). At the time of discharge, the clinical suc-
cess rates for the ZelanteDVT group and the Solent
group were 100% (17/17) and 95.7% (22/23), respectively.
These success rates were high in both groups but the dif-
ference was not statistically significant (p>.05). The use
of antithrombotic and compression treatments was not
significantly different between the two groups (p>.05).
At 6 months, the frequency of PTS was 5.9% (1/17) in the
ZelanteDVT group compared with 17.4% (4/23) in the
Solent group. All patients presented with mild PTS, and
none had moderate or severe PTS.

Complications

Except for transient macroscopic haemoglobinuria
occurring during the first 24 hours post-RT in all patients
(40/40), no other procedure-related adverse events,
including arrhythmia, symptomatic/fatal PE, and AKI,
were recorded in either group. The creatinine clear-
ance rate and blood urea nitrogen levels in the Zelant-
eDVT group (69.9£27.1 umol/L and 5.041.9mmol/L,
respectively) were slightly higher than those in the Solent
group (68.2+20.7 umol/L and 4.5+ 2.0mmol/L, respec-
tively) but without statistical significance (both p>.05).
No major adjunctive CDT-related complications were
noted in either group (the rates of major complications,
including SIR categories C, D, E, and F, were all 0%). In
the Solent group, minor complications such as bleed-
ing events (SIR B category) occurred in 21.7% (5/23) of
patients, including two small haematomas at the access
site, two superficial ecchymoses, and one epistaxis. A
total of 5.9% (1/17) of the patients in the ZelanteDVT
group had superficial haematomas (SIR B category), and
the difference was not statistically significant (p>.05).
All patients recovered with conservative treatment, and
no life-threatening bleeding events, recurrent DVT, or
30-day death were observed.

Discussion

The present study found that the clinical success rates
for the ZelanteDVT group and Solent group were high,
which indicated that both catheters were effective in
managing patients with proximal DVT. However, the
ZelanteDVT group had a higher primary RT success,
which means that proximal vein patency was rapidly
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restored and significantly less patients needed adjunctive
CDT (29.4%) than the Solent group (73.9%) to restore
venous patency. The reduced requirement for sequential
CDT findings also indicated that ZelanteDVT seems to
have a shorter hospitalization time, lower total dose of
rt-PA, and reduced incidence of bleeding complications;
however, the latter two factors did not differ significantly
in the present study. Regarding increased primary RT
success without the need for prolonged adjunctive CDT
and a shorter RT duration in the ZelanteDVT group,
these outcomes were previously noted in the study pub-
lished by Kwon et al. [13], who reported more effective
remodelling of a large thrombus due to the more power-
ful negative pressure. These features may likely be attrib-
uted to the mechanistic differences between the catheters
considering that this novel catheter provides a stronger
biological suction effect (—600mmHg) and has a large
lumen at the tip of the catheter. As well, over the wire
suction or rheolytic devices seem to have better results
with larger diameter devices since the catheters can’t be
directed to the vein wall.

A limited number of RCT studies, such as the ATTRAC
T trial [3] and a multicentre PEARL trial [5], reported
that the Solent strategy was used to remove >50% of
thrombi (grade II and grade III) in more than 95% of
treated patients. Additionally, Dopheide et al. reported
a relatively high thrombus removal rate for ZelanteDVT
[8]. However, these studies mentioned above were lim-
ited because they did not provide comparisons between
the ZelanteDVT catheter and the Solent catheter. Our
present work showed that although the >50% thrombus
removal rates were similar for both catheters, the exclu-
sive use of the ZelanteDVT catheter achieved rapid res-
toration of blood flow. Although the frequency of PTS in
the ZelanteDV'T group (5.9%) was not significantly supe-
rior to that in the Solent group (17.4%) during the early
6-month follow-up period, earlier restoration of blood
flow will reduce thrombus burden and vein wall fibrosis,
which may reduce the clinical incidence of PTS [3, 5, 14];
hence, we hypothesized that the ZelanteDVT catheter
may achieve promising long-term efficacy. However, the
present study was limited because the long-term follow-
up was not assessed, and further confirmation of the con-
clusions is needed.

A range of adverse events was plausibly associated
with the use of AngioJet [2—4]. In the PEARL trial,
AngioJet-related events, such as PE, renal failure, low
haemoglobin, and bradycardia, were recorded [5]. In
this study, except for the occurrence of transient mac-
roscopic haemoglobinuria in both groups in the first
24hours postintervention, no other side effects of
bradycardia or low haemoglobin were recorded. AKI is
a well-known complication of RT and is probably due
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to haemolysis caused by the high-pressure saline jets
of the RT system as well as the nephrotoxic contrast
agents used for venography [2]. Regarding the mecha-
nisms of AngioJet RT, the ZelanteDVT catheter posed
a stronger suction effect, which seems to have a higher
potential risk of AKI. However, patients in the present
study with severe renal dysfunction were excluded, and
there were limits on RT activation time, aspiration vol-
ume, and preprocedural hydration. The indices of kid-
ney function did not differ significantly. Haemorrhagic
complications are likely associated with rt-PA and anti-
coagulation treatments [2]; they were less frequently
noted in ATTRACT when compared with other large
CDT studies, perhaps due to the reduced rt-PA dose
and infusion times [2—4]. As in the present study, due
to the reduced use of adjunctive CDT, the ZelanteDVT
catheter reduced the risk of bleeding complications
when compared to the Solent catheter. Safety may be
further improved if future refinements can support the
exclusive and frequent use of AngioJet RT.

The routine use of IVC filters remains controversial
for patients undergoing PMT or CDT. Lee et al. [15]
demonstrated that the filter should be considered for
preventing PE-related morbidity. The incidence of symp-
tomatic and fatal PE in patients who received CDT only
treatment was 0-1.3% and 0-0.2%, respectively [2-5],
but the rates increased when endovascular procedures
were performed [2-4, 16]. Hence, mechanical endovas-
cular procedures seem to increase the risk of PE events,
which may be associated with multiple risk factors, such
as nonblocking iliac veins, massive proximal floating
thrombi, and invasive endovascular procedures. In the
present study, all patients underwent routine IVC filter
insertion; as a result, some filling defects into the filters
were observed during repeat venography, which disap-
peared after thrombolysis. No PE-related events were
recorded during the procedure or adjunctive CDT. Iliac
vein stenosis is one of the anatomical factors for DVT
[2]. To decrease distal venous hypertension, relieve clini-
cal symptoms, prevent DVT recurrence, and improve
the prognosis, 64.7% of patients had segmental (>50%)
residual stenosis at the end of the ZelanteDVT pro-
cedure to successfully remove a thrombus and to suf-
ficiently restore blood inflow, this outflow obstruction
was resolved by one-stage PTA and/or subsequent stent
placement, which was conducted after CDT in 56.5% of
the patients who received a Solent catheter, the rate of
PTA was higher than in literatures [1-4]. The use of stent
placement in the ZelanteDV'T group was slightly higher
than that in the Solent group. This finding was associated
with slightly increased thrombus removal, which ensured
sufficient blood inflow passages and created a condition
for stent placement. Of noted, the percentage of stenting
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in both groups is lower than generally described, which
may be partly attributed to the lower residual stenosis
after PTA and higher thrombus removal.

Our study had several limitations. First, the present
study used a fixed-length catheter (105cm of Zelant-
eDVT and 120 cm of Solent Omni) designed for AngioJet
RT; thus, whether the length would affect the RT tech-
nique was difficult to evaluate. The diameters of the deep
veins may have also affected the results, and this obser-
vance should be further evaluated in future studies. Sec-
ond, different grades of catheters, other than 6F and 8F,
were not used because catheters with other diameters
were unavailable at the time. Third, the use of different
catheters was not random but was mainly based on cath-
eter availability and clinical experience at our centre in
different phases, which may have caused selection bias
regarding the evaluation of the outcomes of each cath-
eter. Fourth, this study was limited to a short follow-up
period of 6months, and long-term outcomes will be
recorded at 1year. Fifth, the complications were not com-
pletely classified according to the standard of SIR because
almost all the complications occurred during hospitaliza-
tion, and we primarily categorized these complications
based on which therapy was required and the prognosis.
Moreover, the present study was a single-centre, retro-
spective, nonrandomized controlled study. The conclu-
sions of the present study were limited because of the
small number of cases and limited operator experience
and should be interpreted with caution. In the future, a
prospective, randomized controlled study with a longer
follow-up period to overcome these limitations is needed
to further confirm the conclusions.

Conclusion

The present study found that both catheters are safe and
effective in managing patients with proximal DVT, thus
leading to improved outcomes with a low complication
rate. The ZelanteDVT catheter is more effective than the
previous Solent catheter in thrombectomy, thus allowing
for faster extraction of the DVT with a shorter run time,
lower proportions of patients needing adjunctive CDT,
increased primary thrombus removal, and a shorter hos-
pitalization time. The ZelanteDVT catheter seems to be a
better purpose-built catheter that allows for greater ease
in the extraction of proximal vein thrombi.
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