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ABSTRACT

Background: Post Thrombotic Syndrome (PTS) occurs in 23%-60% of Deep Venous Thrombosis (DVT) cases,
representing a significant clinical and economic burden. The NIH-funded ATTRACT trial showed no significant
difference in PTS diagnosis rates between Catheter Directed Thrombolysis (CDT) and oral anticoagulation alone.
However, newer mechanical thrombectomy devices designed to remove wall adherent thrombus have emerged, raising
questions about their efficacy in comparison to traditional treatments.

Objective: This study aims to compare PTS diagnosis rates in patients receiving percutaneous mechanical
thrombectomy with extirpation of thrombus wersus traditional pharmacological lysing of thrombus with oral
anticoagulation.

Methods: A retrospective review of 62 peer-reviewed publications was conducted, ultimately narrowing the focus to
12 studies with significant procedural volumes and commonality in reporting PTS after initial treatment
methodology. Two mechanical thrombectomy devices, the ClotTriever (Inari Medical) and the Cleaner TM (Argon
Medical), were identified for their design targeting wall adherent thrombus.

Results: Both the ClotTriever and Cleaner TM thrombectomy devices showed lower rates of PTS diagnosis at six
months compared to CDT with oral anticoagulation alone, as cited in the ATTRACT trial. The ClotTriever device
had a PTSAree rate of 76%, while the Cleaner TM device demonstrated 72.4% and 72% PTS-ree rates in separate
studies.

Conclusion: Mechanical thrombectomy devices engaging wall adherent thrombus yielded lower rates of post
thrombotic syndrome diagnosis at six months compared to catheter directed thrombolysis. However, this study is
limited by its retrospective nature and varying inclusion/exclusion criteria across studies. Future prospective
comparisons with controlled settings are recommended to evaluate the efficacy of these devices in relation to CDT
and oral anticoagulation.
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INTRODUCTION

Deep venous thrombosis is diagnosed in approximately 900,000
people in the US each year [1]. Aside from the painful and
mobility limiting sequala associated with initial onset of deep
venous thrombosis, there is the more debilitating associated post
thrombotic syndrome that occurs even after the initial incident
of insitu Deep Venous Thrombosis (DVT) is treated. Post
Thrombotic Syndrome (PTS) represents a significant clinical and
economic burden on society with certain studies citing incident
rates of diagnosis between 23% and 60% post initial incident of
DVT [2]. To date, standard therapies such as catheter directed
thrombolysis and/or oral anti coagulation have not been proven
to mitigate the subsequent onset of post thrombotic syndrome as
evidenced in the NIH funded ATTRACT trial which only
demonstrated a reduction in the severity of symptomology when
utilizing Catheter Directed Thrombolysis (CDT) in the
iliofemoral area of the deep venous system [3]. There is common
critique that trials like the ATTRACT trial did not represent the
current standard of care with regards to utilizing mechanical or
designed  for

pharmacomechanical ~ devices

maceration or extirpation of thrombus. Specifically utilizing

percutaneous

devices designed to remove thrombus and liberate the intimal
wall of the vein with the hope of restoring vascular pliancy as
well as restoring some function to the valves of the vein that the
wall adherent thrombus may impinge, thus reducing intravenous
pressure in the lower portions of the deep venous system [4].

MATERIALS AND METHODS

Objective

This study is designed to look at the clinical data surrounding
some of these newer devices in utilization for percutaneously
performed, image guided thrombectomy procedures that remove
thrombus directly from the wall of the venous intima and
compare post thrombotic syndrome diagnosis rates in patients
receiving thrombectomy utilizing these mechanical devices
compared to traditional CDT and oral anticoagulation alone
[5-7]. This will be a retrospective review of peer reviewed and
published clinical literature. The goal of this research to
determine if there is any clinical signaling in the data which may
demonstrate a trend of possible lower rates of post thrombotic
syndrome presentation in patients who receive percutaneous
mechanical thrombectomy with extirpation of thrombus wversus
traditional pharmacological lysing of thrombus with oral
anticoagulation.

Methodology

This study is a retrospective review of peer reviewed published
research and as such it was determined to be exempt from the
need of Institutional Review Board (IRB) approval [8].

A search for peer reviewed publications was performed utilizing
clinical research databases, specifically; a public literature search
was performed utilizing biomedical literature databases, Embase
(www.embase.com) and PubMed (pubmed.ncbi.nlm.nih.gov).
Key research terminology entered into the data base search
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engines include the words; thrombectomy, wall adherent
thrombus, thrombectomy, Catheter-Directed
Thrombolysis (CDT), post thrombotic syndrome, percutaneous
thrombectomy, thrombus resolution [9]. Based on utilization of
these keywords over
commonality in reporting post thrombotic syndrome after initial
treatment methodology as well as inclusive of treatment

mechanical

62 publications were reviewed for

parameters, as well as procedural volumes considered significant
enough to demonstrate statistical significance. After reviewing
for commonality parameters, approximately 12 studies were
utilized and consideration to meeting the above-mentioned
parameters for inclusion. These studies were reviewed even
further to look at the methodology of treatment to compare
devices that state they were utilized to thrombectomize wall
adherent thrombus wversus devices designed to channel through
thrombus or dissolve thrombus via means of pharmacologic
initiated lysis [10]. Based on this evaluation, initial procedural
success was defined as 75% clearance of thrombus demonstrated
on postprocedural venogram and scored using the Marder
scoring system, as well as diagnosis rates of post thrombotic
syndrome within six months of interventional percutaneous
utilized for
comparison and analysis using basic statistical computation.

RESULTS

In comparative study and utilizing the parameter of mechanical
thrombectomy devices designed specifically for removal of
thrombus from the venous intimal wall, two specific devices
stand out with regards to indication for use in peripheral
thrombectomy, as well as IFU and/or marketing claims with
regards to engaging thrombus found in adhesion to the intimal
venous wall. The ClotTriever mechanical thrombectomy system
from Inari Medical (Irvine, California, USA) and the Cleaner
TM thrombectomy system from Argon Medical Devices Inc.
(Plano, Texas, USA) [11]. Both of these devices appear in clinical
literature with descriptive claims for utilization for wall adherent
thrombus, and both devices tout the ability to be selfsizing to
the wall of the blood vessel. Review and analysis of the clinical
results of these devices in peer reviewed literature in comparison
to standard CDT with oral anticoagulation based on the results

thrombectomy procedure completion were

of the prospective, randomized, National Institute of Health
(NIH) funded ATTRACT trial demonstrate initial statistical
significance with regards to lower rates of post thrombotic
syndrome diagnosed six months after subsequent treatment in
comparison to the use of standard CDT in oral anticoagulation
alone.

DISCUSSION

There is controversy surrounding treatment methodologies with
regards to deep venous thrombosis. Anecdotal demonstration of
palliative effect with regards to reduction in immediate
symptomology severity has never been in question, but whether
performing interventional procedures which entails some
inherent risk of complication is justified in retrospect for trying
to mitigate, or lessen the risk of the associated and often
debilitating effects of post thrombotic syndrome which becomes

a chronic state of venous insufficiency with varying degree of severity
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from basic lower extremity edema, to chronic venous ulceration
and skin integrity breakdown which can require surgical
intervention [12]. To date, the only prospective randomized trial
looking to evaluate weather performance of interventional
procedures for patients diagnosed with deep venous thrombosis
had any effect in mitigating the associated sequala from post
thrombotic syndrome was the NIH funded ATTRACT trial by
Vendatham et al. As the only,
randomized comparative study evaluating catheter directed

prospective, multi arm,
thrombolysis with oral anticoagulation wersus standard oral
anticoagulation alone, this trial has become the benchmark
looking at
intervention wversus standard oral anticoagulation alone and its

arguably for comparative data percutaneous
effect on diagnosis rates of post thrombotic syndrome. In
reviewing the overall results from the ATTRACT trial there was
no statistically significant difference between both groups with
regards to subsequent diagnosis of post thrombotic syndrome.
49% Percutaneous Catheter Directed Thrombolysis (PCDT)
with oral anticoagulation vs. 51% oral anticoagulation alone [3].
There was clinical signaling though that patients who were
treated with PCDT and had obstructive thrombosis in the
iliofemoral section of the deep venous system experienced less
thrombotic syndrome symptomology in
study arm that only
anticoagulation alone. The outcomes of this study are considered

severity of post
comparison to the received oral
controversial in that many physicians feel that the standard
algorithm of treatment changed throughout the course of the
long enrollment period and study follow up, and that newer
devices that mechanically breakdown the thrombus or remove
the thrombus from the vein were already being widely employed
over CDT by the time the study was published so that the results
of the ATTRACT trial may not represent current clinical
outcomes experienced by patients receiving treatment with these
newer generation device methodologies.

Two different devices stood out in clinical data with regards
to mechanical thrombectomy devices designed for removal
of thrombus from the wall of the vein, the ClotTriever by
Inari Medical and the Cleaner
Argon Medical Devices Inc.

thrombectomy device by

ClotTriever is a single-use; percutaneous device approved by the
US FDA in 2017, indicated for the removal of thrombi and
emboli in the peripheral vasculature. The device contains a
catheter with a nitinol coring element and a mesh collection bag,
in addition to a sheath to remove thrombus (ClotTriever IFU,
Inari Medical). The ClotTriever device is designed to have wall
opposition against the intima of the wvein and to
remove thrombus directly from the wall of the blood vessel as
well as to remove thrombus impinging the functionality of
venous valves. In review of the clinical literature surrounding
this device, The CLOUT registry cites a post thrombotic
syndromes free rate of 76% at 6 months in comparison to the

ATTRACT trials 51% PTS free

represents a large statistical difference comparatively.

diagnosis rate which

In peer reviewed literature, specifically Koksoy et al, and
Elezoy et al, cite a post thrombotic syndrome free rate of
72.4% and 72% at six months respectively. This is in
comparison to 51% as cited in the ATTRACT trial for CDT in

combination with oral anticoagulation (Figure 1).
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Early Clinical Signaling: Wall Adherent Thrombus
Extirpation in Peer Review Literature

Outcomes of wall adherant thrombus removal vs. CDT and oral anticoagulation where cited

Mean
Procedure
Time, Mins

Complications
and Mortality

No major .
complications 38 927 { 724
and mortality Nea”

Koksoy et al 41 54.9 743 976

No major
complications 1 85 NS
and mortality

Tok etal 20 534 NS 100

No major
complications 6 100 NS
and mortality

Karahan etal 67 425 522 100

No major S
complications 14 84 120
and mortality S

Ezelsoy et al 50 488 78.1 100

No major
complications 6 923 NS
and mortality

Bozkurt et al 16 585 60-90 875

Maldonado (CLOUT) 2s0 75% > 1 year 935 76

Note comparison to post-thrombotic syndrome rate
49% PCDT vs. 51% No-PCDT Attract vs. 28% CLEANER where cited* CLOUT 24% Cited at 6 months
24% CLOUT registry for Inari vs. 28% CLEANER 1 Gen where cited"

Figure 1: Comparative table.

The Cleaner TM thrombectomy system from Argon Medical
Devices Inc. is a sinusoidal wave maceration catheter that spins
at 4000 RPM’s and is advanced within the thrombus burden,
macerating the thrombus while selfsizing to the wall of the
blood vessel, allowing for dissolution of thrombus with
subsequent aspiration of the thrombus through a selected sheath

of the clinician’s choice (Figures 2 and 3).

Figure 2: ClotTriever (Inari Medical, Irvine, CA).

CLEANER XT
N

Figure 3: The cleaner TM (Argon Medical, Plano, TX).

CONCLUSION

In retrospective analysis of peer reviewed literature regarding
rates of post thrombotic syndrome diagnosed at six months,
mechanical thrombectomy devices like the ClotTriever (Inari
Medical) and the CleanerTM thrombectomy system (Argon
Medical) which engage thrombus that is adherent to the wall of
the vein yielded lower rates of post thrombotic syndrome
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diagnosis at 6 months then catheter directed thrombolysis, as
based on the results of the NIH funded ATTRACT trial for

comparison.

This study is limited by being a retrospective comparative
analysis of peer reviewed literature with varying inclusion
and exclusion  criteria. Recommendation  for  future
prospective comparison may be warranted following parameters
as set forth with the ATTRACT trial to limit inherent bias and
evaluate the results of each therapeutic device in comparison
to catheter directed thrombolysis with oral anticoagulation in

a controlled setting.
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