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Abstract Objective The aim of this study was to determine the effectiveness of a mechanical
thrombectomy device in treating iliofemoral deep vein thrombosis (DVT) without
thrombolysis and factors associated with post-thrombectomy occlusion.
Methods A single-institution retrospective study of consecutive patients who under-
went mechanical thrombectomy for iliofemoral DVT using the Inari ClotTriever device
was performed from August 2019 to July 2022 without thrombolysis or aspiration. Pre-
and post-thrombectomymodifiedMarder score, symptomatic relief, and other baseline
characteristics were evaluated. Occlusion rate was evaluated by clinical symptoms and
imaging studies during follow-up. Occlusion-free survival (OFS) was calculated. Factors
associated with OFS were evaluated with log-rank tests and cox-proportional hazard
ratio model. Procedure-related complications were reported.
Results Among 32 included patients and 45 limbs, the mean Marder score decreased
from 17.5�8.1 to 0.13�0.89 after thrombectomy. Stenting was needed in 13
patients (40.6%). No procedure-related major complication was observed postproce-
durally. At initial follow-up, symptomatic improvement and occlusion-free patency
were achieved in 80.0 and 72.2%, respectively. Poor venous inflow on post-thrombec-
tomy venogram (p<0.05) was associated with early occlusion. Suboptimal use of post-
thrombectomy anticoagulation (n¼7) was the only independent predictor of clinical
and radiological OFS (p¼0.042).
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Introduction

Iliofemoral deep vein thrombosis (DVT) often presents with
worsening lower extremity edema, tenderness, skin discol-
oration, and skin ulcers. Despite systemic anticoagulation as
the accepted standard of therapy, pharmacomechanical
catheter-directed thrombolysis (PCDT) or thrombectomy
can be considered to restore patency, achieve immediate
symptomatic relief, and decrease the severity of future post-
thrombotic syndrome (PTS).1,2 The recent ATTRACT trial
suggested higher hemorrhagic complication rates associated
with PCDT without apparent long-term risk reduction in
PTS,3,4 resulting in the emergence of large bore thrombec-
tomy devices such as Penumbra Lightning and INARI ClotTri-
ever (Inari Medical, Irvine, California, United States) by
avoiding the need to administer thrombolytics.5,6 These
newer generation devices have proven to be feasible for
debulking DVT with decreased bleeding risk and reduced
ICU stay. However, reocclusion and rethrombosis may be
encountered post-thrombectomy, necessitating additional
intervention and limiting clinical efficacy. Further, reocclu-
sion rates of using pure mechanical thrombectomy (MT)
devices without the use of tissue plasminogen activator (tPA)
are lacking, and the risk factors for reocclusion are poorly
defined. This study aims to determine the effectiveness of
ClotTriever in treating iliofemoral DVTwithout thrombolysis
and factors associated with post-thrombectomy occlusion.

Methods

Patient Population
A single institution, institutional review board approved,
retrospective chart review was performed to identify conse-
cutive patients who underwent MT for iliofemoral DVTusing
the Inari Medical ClotTriever device from Aug 2019 to
July 2022 (n¼37). Inclusion criteria were patients more
than 18 years old with documented evidence of acute or
subacute iliofemoral DVT. DVTwas diagnosed preoperatively
with lower extremity ultrasound (US) and computed tomog-
raphy venography (CTV). Patients who underwent adjunc-
tive tPA thrombolysis and/or pharmacomechanical therapy
were excluded (n¼5). A detailed inclusion diagram was
depicted in►Fig. 1. The following informationwas collected:
age, sex, concurrent pulmonary embolism (PE), comorbid-
ities, thrombus location, preoperative modified Marder
score, whether the procedurewas performed on an inpatient
versus outpatient basis, and postprocedural anticoagulation.

Technique
Thrombectomy was performed under moderate sedation or
general anesthesia. Patients were positioned prone for pop-

liteal vein access or supine for femoral venous access based
on the presence or absence of femoropopliteal DVT, respec-
tively. Thrombectomy using the proprietary ClotTriever de-
vice was performed according to previously described
techniques.7–9 Venous stents were deployed if post-MT
stenosis remained greater than 50%. Intraoperative antico-
agulation was performed using unfractionated heparin with
a target activated clotting time of 200 to 250 seconds.
Postoperative anticoagulation therapy was initiated with a
therapeutic intravenous heparin drip with transition to
enoxaparin, coumadin, or direct-acting oral anticoagulant
(DOAC) after discharge. Antiplatelet therapy was not rou-
tinely administered unless more than 2 stents were placed.

Outcomes
Technical success (i.e., immediate effectiveness of MT) was
evaluated by postprocedural modified Marder scores, which
was calculated according to prior literature.10 The quality of
inflow of the vessels below the lesser trochanter was graded
into “poor” and “acceptable” subjectively based on post-MT
venogram at the end of the procedure.

Patients were instructed to return to the clinic for clinical
follow-up and obtain US/CTV for radiology follow-up in 1 to
3 months and every 3 to 6 months afterward. Symptoms of
DVT were determined by the evaluation of lower extremity
edema, skin discoloration, and/or pain, and categorized as
complete resolution (defined as return of baseline status),
partial relief (defined as partial resolution of DVT symp-
toms), and unchanged or worsened clinical symptoms. Ra-
diologic patency rate was classified as complete or near-
complete patency (>95% vessel patency), occlusion (patency
<5%), and partial recanalization (which did not belong to the

Fig. 1 Diagram of patient selection. DVT, deep vein thrombosis; tPA,
tissue plasminogen activator.

Conclusion Mechanical thrombectomy with ClotTriever is safe and effective in the
treatment of acute and/or subacute iliofemoral DVT and can mitigate the need for
thrombolytic therapy. Poor venous inflow on post-thrombectomy venogram and
suboptimal use of anticoagulation were associated with early reocclusion.
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former two categories). In addition to routine radiological
post-MT evaluation, patients were subjected to US and/or
CTV if symptoms of DVT recur.

Occlusion-free survival (OFS)was evaluated on a clinical and
radiologic basis. The end-point of radiologic OFSwas confirmed
vessel occlusion on US/CTV. The end-point of clinical OFS was
development of DVT symptoms that was subsequently con-
firmedby imaging (US/CTV). Patientswere censored at the time
of death or when endovascular revascularization was per-
formed prematurely for stenotic but nonocclusive lesions.

Major procedure-related complications were evaluated
based on adverse event classification per Society of Inter-
ventional Radiology (SIR) criteria.11

Statistical Analysis
Data were summarized by mean/standard deviation for
numerical variables and crude number/percentage for cate-
gorical variables. Factors associated with clinical and radio-
logic OFS were evaluated using a Cox proportional hazards
regression model. A stepwise algorithm in forward direction
using Bayesian information criteria was implemented to
choose the final model. All the factors associated with OS
at p¼0.05 were introduced in the multivariable analysis.
Statistically significant predictors were subjected to a log-
rank test and the OFS was evaluated with Kaplan–Meier
curves. p-Value less than 0.05 considered statistically signif-
icant. Median, 6-month, and 1-year OFSwere calculated and
presented with 95% confidence intervals (CI). All statistical
analysis was performedwith Stata 15.1 (STATACorp., College
Station, Texas, United States).

Results

Baseline Characteristics
A total of 32 patients (19 female, 59.4%) were included. The
mean age was 53.4�16.7 years. Half of the patients pre-
sented with concurrent acute PE (15/30, 50.0%). Ten (31.3%)
cases were presumably inferior vena cava (IVC) filter related.
Ten (31.3%) patients had contraindications to tPA according
to American Heart Association guidelines, which include
history of intracranial hemorrhage (n¼3), acutehemorrhage
(gastrointestinal tract n¼2, vaginal bleed and hematuria
from tumor invasion n¼2), and recent surgery (renal trans-
plant n¼1, cardiac surgery n¼1, spine surgery n¼1). Addi-
tional baseline clinical characteristics of the study
population including comorbidities are listed in ►Table 1.

Procedural Metrix
A total of 6 (18.8%) and 26 (81.3%) patients underwent outpa-
tient and inpatient thrombectomies, respectively. Unilateral
thrombectomies were performed in 19 patients (59.4%),
whereas 13 (40.6%) patients required bilateral thrombecto-
mies. Among a total of 45 limbs, the mean modified Marder
score before the procedure was 17.5�8.1 and after the
procedure was 0.13�0.89 (►Fig. 2, p<0.0001). Stenting
was performed in 13/32 patients (40.6%). By the end of the
procedure, poor inflowwas observed in 6/32 (18.8%) patients.

Complications
One patient developed rigors intraprocedurally, resulting in
abortion and incomplete thrombectomy of treated limb. This
patient was brought back on a subsequent date for a success-
ful thrombectomy. There was no procedure-related major
complication in the immediate postoperative period.

Anticoagulation
Among patients with clinical follow-up, the following
long-term postprocedural anticoagulation was prescribed:

Table 1 Baseline characteristics and summary outcomes

Variables All (n¼ 32)

Age 54.2 (16.81)

Sex (F:M) 21:11

Preoperative Modified
Marder score (45 limbs)

17.5 (8.1)

Stent 13/32 (40.6%)

Postoperative anticoagulation
compliance

24/32 (75.0%)

Warfarin 5 (15.6%)

Apixaban 12 (37.5%)

Rivaroxaban 9 (28.1%)

Enoxaparin 5 (15.6%)

Heparin drip 1 (3.1%)

Outpatient vs. inpatient 6:26

Contraindications to tPA 10/32 (31.3%)

Concurrent PE 16/32 (50.0%)

Comorbidities

Cancer 10/32 (31.3%)

CHF 2/32 (6.3%)

Diabetes 6/32 (18.8%)

HTN 12/32 (37.5%)

MI 2/32 (6.3%)

Stroke 4/32 (12.5%)

Recent surgery 3/32 (9.4%)

Hypercoagulation 9/32 (28.1%)

Laterality

Unilateral 19 (59.4%)

Bilateral 13 (40.6%)

Clot site

IVC 17/32 (53.1%)

Iliac 32/32 (100.0%)

Femoral 25/32 (78.1%)

Popliteal 18/32 (56.3%)

Death 6/32 (18.8%)

Follow-up (months) 8.8 (7.8)

Abbreviations: CHF, congestive heart failure; HTN, hypertension; IVC,
inferior vena cava; MI, myocardial infarction; PE, pulmonary embolism;
tPA, tissue plasminogen activator.
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warfarin (15.6%), apixaban (37.5%), rivaroxaban (28.1%), and
enoxaparin (15.6%); one patient only received postoperative
heparin drip (3.1%) and was not bridged to other antico-
agulation regimen due to death during the index admission.
Compliance with anticoagulation failed in seven patients. In
four cases, anticoagulationwas held due to hemorrhage (one
patient each prescribed the following: rivaroxaban, apixa-
ban, intravenous heparin infusion, and subcutaneous enox-
aparin). One patient’s international normalized ratio was
suboptimal on warfarin. One patient with heparin-induced
thrombocytopeniawas treatedwith enoxaparin. One patient
was noncompliant for subjective reasons.

Follow-Up
The average follow-up time was 8.8�7.8 months for the
cohort. Death occurred in 6/30 patients (20%) during this

period due to sepsis (n¼1), gastrointestinal hemorrhage
from malignancy, bowel obstruction, bowel ischemia, respi-
ratory failure, and hemorrhagic shock of unknown reason.
None was procedure related.

Among patients who were clinically evaluated in 1 to
3 months after thrombectomy (n¼25), complete symptom-
atic relief was achieved in 10 patients (40.0%); 10 patients
reported symptomatic improvement. Infive patients (40.0%),
lower extremity swelling, and pain remained unchanged or
progressed. Symptomatic improvement was achieved in
20/25 (80.0%) (►Table 2). The Median survival time (MST)
for clinical occlusionwas not reached (96% CI: 4 month – not
reached, ►Fig. 3A). Clinical OFS was 66.1% (95% CI: 44.6–
80.9%) at 6 months and 52.3% (95% CI: 27.9–72.0%) at
12 months, respectively.

Follow-up US and/or CT at 1 to 3 months postprocedural
were available in 18 patients. Complete or near-complete
restoration of patencywas observed in 6/18 (33.3%) patients;
partial recanalization was noted in 7/18 (38.9%) patients.
Occlusion occurred in 5 (27.8%) patients. Total radiological
nonocclusive rate was 14/18 (77.8%) at 1 to 3 month
(►Table 3). The MST for clinical occlusion was 7 months
(96% CI: 2 month – not reached, ►Fig. 4A). Radiologic OFS
was 52.4% (95% CI: 27.6–72.3%) at 6 months and 35.9% (95%
CI: 13.3–59.5%) at 12 months, respectively.

Predictor Analysis
On univariable analysis, both inappropriate use of anticoagu-
lation and poor inflow are associated with clinical and radio-
logical occlusion (►Table 4). On multivariable analysis, only
inappropriate use of anticoagulation was an independent
predictor for clinical and radiological occlusion (►Table 4).

Patients with appropriate anticoagulation use demon-
strated both longer clinical and radiological OFS (log-rank
p¼0.001 and 0.0043, respectively,►Fig. 3B and 4B). Patients
with poor inflow at the end of MT showed both early clinical
and radiologic occlusion (log rank p¼0.0015 and
0.0087, ►Fig. 3C and 4C).

Discussion

Clinical utilization of MT has increased in recent years due to
its ability to treat acute and subacute/chronic thrombus
and/or fibrinous tissue in a single session without the use

Fig. 2 Modified Marder Score, before and after mechanical
thrombectomy.

Table 2 Clinical exam at initial follow-up

Initial symptom n¼ 25

Resolved 10/25 (40.0%)

Improved 10/25 (40.0%)

Unchanged/Worsen 5/25 (20.0%)

Improvement 20/25 (80.0%)

Fig. 3 Clinical occlusion-free survival (A) for all patients, (B) stratified by appropriate use of anti-coagulation, (C) stratified by whether poor
inflow was present on post-thrombectomy venogram. CI, confidence interval.
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of thrombolytic agents. In this cohort study, ClotTriever
demonstrated significant clot burden reduction (modified
Marder score 17.5 vs. 0.1 pre and post-MT, respectively), an
unreached MST in clinical OFS and an MST of 7 months in
radiologic OFS for thrombectomy of iliofemoral DVTwithout
thrombolysis, and safe procedure profile. Moreover, patients
that were inappropriately anticoagulated and poor inflow at
the end of MT were associated with early occlusion.

There is limited data for the patency rates of ClotTriever,
as the device has only recently received approval by the U.S.
Food and Drug Administration (FDA) in 2017. An interim
study at 6 month follow-up, including the first 250 patients,
of the multicenter, prospective single-arm ClotTriever Out-
comes (CLOUT) registry reported a 24% rate for developing
PTSwith 90.1%maintaining vesselflowas assessed by duplex
ultrasound.12 While PTSwas not evaluated by this study, the
clinical symptomatic relief rate of 80.0% was achieved with a
vessel patency of 72.2% on imaging studies at initial follow-
up. The lower vessel patency rate (52.4% at 6 months) in this
study may be multifactorial, including the relatively high
prevalence of IVC thrombosis (53.1%) and risk factors for DVT
recurrence (i.e., 31.3% of patients had a history of malignan-
cy) in addition to the relatively short follow-up period.

The remainder of available published studies include
small sample size investigations with short-term follow-
up. For example, in a study of 96 patients undergoing
thrombectomy for acute iliofemoral DVT, Jolly et al reported
97% to have demonstrated normal flow and 83% to have
normal compressibility on duplex ultrasound at 30 days
postprocedure.7 Furthermore, in a study by Benarroch-Gam-
pel et al involving 12 patients treated for acute or acute on
chronic iliofemoral DVT with a median follow-up of
4 months, 91.7% of patients continued to have symptom
resolution and 80% with persistent patency on duplex ultra-
sound examination.13 This compares to the overall weighted

average nonocclusion rate on initial follow-up (1–3 months)
evaluation of 80.0% demonstrated in this study. As men-
tioned previously, direct comparisons with these prior stud-
ies are further confounded by varying prevalence of risk
factors as well as location of thrombosed vessel (53.1% of
cases in this study involved the IVC andwere ofmore chronic
etiology). In particular, in the study by Jolly et al, 8.3% of
patients had a history of cancer7 versus 31.3% in the current
investigation. Further, a large portion of patient presented
with IVC filter-related thrombosis (31.3%), in which the
chronically scarred veins are recalcitrant to traditional phar-
macolysis and thus traditionally managed conservatively
with systemic anticoagulation instead of attempting throm-
bectomy. Chronic venous remodeling may also result in a
higher rethrombosis risk givenpoor venous inflowcompared
with reported literature. Parsing these factors in future
studies will further define patients who can maximally
benefit from large bore MT.

This study suggested an association between poor inflow
at procedure end and early occlusion. The cause of poor
inflow is multifactorial: chronically occluded deep femoral
veins, poor drainage from popliteal and below knee vessels,
acute thrombosis without development of collateralization,
persistent lumen diameter, or residual thrombus. The use of
tPA overnight infusion via an indwelling catheter and rheo-
lytic thrombectomy device has been proven successful in
acute clot thrombolysis of the popliteal vein to improve
inflow.10,14 In the setting when tPA is contraindicated,
from a technical perspective, continued endovascular
thrombectomy can be useful in improving the flow from
upstream feeding vessels, with judicious use of venous stent
extension, while preoperative and postoperative coagula-
tions are necessary to achieve patency in below-knee vessels
that are too small for MT. Further studies are warranted for
further elaboration on this aspect.

Postoperative anticoagulation compliance was an addi-
tional significant independent predictor of recurrent throm-
bosis. While this is not an unexpected finding, it prompts the
need to elucidate the reasons for noncompliance and actions
to minimize those risks. In this study, hemorrhage and
gastrointestinal bleeding (GIB) were the most common
complications leading to anticoagulation discontinuation
(each constituting 28.6%). As such, the use of anticoagulants
with more favorable bleeding profiles is of particular impor-
tance to minimize the risk of recurrent thrombosis in this

Table 3 Radiological patency at initial follow-up

Initial patency n¼ 18

Complete/near complete 6/18 (33.3%)

Partial 7/18 (38.9%)

Occluded 5/18 (27.8%)

Nonoccluded 13/18 (72.2%)

Fig. 4 Radiologic occlusion-free survival (A) for all patients, (B) stratified by appropriate use of anticoagulation, (C) stratified by whether poor
inflow was present on post-thrombectomy venogram. CI, confidence interval.
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post-MT population. DOACs have demonstrated up to 30%
increased risk of GI bleeding when compared with warfa-
rin.15–17 Several studies have shown apixaban to have the
most favorable GIB or major bleeding safety profile and
rivaroxaban to have the least favorable.18–21 Apixiban may,
therefore, be considered when initially prescribing antico-
agulation therapy or reinstating anticoagulation following
resolution of the acute GIB episode. Furthermore, DVT in the
setting of malignancy is relatively common (e.g., represent-
ing up to 30% of patients in the current study) and requires
specific anticoagulation management following DVT treat-
ment. Notably, several randomized controlled trials compar-
ing DOACs to low-molecular-weight heparins suggested the
former to be associated with higher risks of bleeding,22,23

although this finding was not consistently reproducible.24,25

This discrepancy was attributed to the heterogeneity of
patient characteristics (including type of thromboembolism
as well as type and stage of cancer) as well as definition of
study outcomes and analyses thereof.

The ClotTriever device for the treatment of acute and
subacute iliofemoral DVT is a safe alternative to CDT, as
demonstrated by the absence of immediate postoperative
complications. There is additional clinical benefit over CDT
due to its diminished risk of serious hemorrhage, including
intracranial hemorrhage, and its use in patients with bleed-
ing risks (malignancy, intracranial hemorrhage, recent sur-
gery, etc.) due to the lackof thrombolytic administration. The
results from the current study coincide with prior inves-
tigations of the ClotTriever device for the treatment of
iliofemoral DVT, where very few to no device-related com-
plications were reported.7,12,13,26 Furthermore, there is
added healthcare economic benefit due to the lack of need
for ICU-level monitoring, as is required following thrombol-
ysis in CDT. Last but not least, approximately a third of the
patients in this study had contraindications to tPA, which
would not have offered the option for declot otherwise in the
era of purely CDT. This cohort showed that pure MT may
achieve an acceptable patency durability.

There are several limitations of this study. Notably, this is
a retrospective study performed at a single tertiary academic
medical center, which limits the generalizability of these
results. Second, the study included a heterogeneous patient
population with diverse predisposing risk factors to recur-
rent DVT (malignancy, recent surgery, etc.). Due to the small
sample size in this study, these risk factors could not be
stratified and may confound the results. This is an expected
limitation given the recency of FDA-approval and clinical use
of the ClotTriever system. It would be beneficial if future
studies are performed to understand how these risk factors
impact DVT recurrence for patients treated with this device,
for example, with the conclusion of the CLOUT registry.

Conclusion

In conclusion, the ClotTriever thrombectomy system is high-
ly effective and safe in the treatment of acute and subacute
iliofemoral DVT without the need of thrombolysis. Appro-
priate use of anticoagulation is an independent predictor of

recurrent occlusion. While high technical success was
achieved, methods to long-term patency and reduce
rethrombosis are warranted in future studies.
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