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Abstract

from a diverse range of studies.

DVT.

thrombolysis

Aim of the study This systematic review aims to evaluate the efficacy, safety, and comparative outcomes of endo-
vascular treatments for acute lower limb deep vein thrombosis (DVT), including catheter-directed thrombolysis (CDT),
pharmacomechanical thrombectomy (PMT), mechanical thrombectomy, and venous stenting, drawing insights

Materials and methods A comprehensive literature search identified 33 relevant studies, including randomized con-
trolled trials, cohort studies, systematic reviews, and case reports. Data extraction focused on study design, interven-
tion type, outcome measures, and follow-up duration.

Results Catheter-directed thrombolysis demonstrates promising results in enhancing venous patency and reduc-
ing post-thrombotic syndrome, with careful patient selection being crucial. Pharmacomechanical and mechanical
thrombectomy devices offer immediate and long-term benefits, emphasizing individualized patient care. Venous
stenting serves as a crucial adjunctive therapy, particularly in cases of residual venous obstruction, though further
research is needed for optimal patient selection and long-term outcomes. Timing and selection of endovascular inter-
ventions remain critical considerations, necessitating multidisciplinary approaches and ongoing research.

Conclusion This review provides valuable insights for clinicians and researchers, guiding evidence-based decision-
making and shaping future research directions in the dynamic field of endovascular interventions for acute lower limb
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Introduction

Acute deep vein thrombosis (DVT) of the lower
extremities is a prevalent vascular disorder character-
ized by the sudden formation of blood clots within the
deep veins, often associated with significant morbidity
and mortality if left untreated [1]. Acute DVT refers
to the presence of symptoms for less than 14 days or
for which imaging studies indicate that thrombo-
sis occurred within the previous 14 days [2]. Prompt
and effective management of acute DVT is imperative
to prevent potential life-threatening complications,
such as pulmonary embolism and the development of
post-thrombotic syndrome [3]. Historically, antico-
agulation therapy has been the primary approach for
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the treatment of acute DVT, aiming to halt clot propa-
gation and reduce the risk of embolization [4]. How-
ever, advancements in endovascular techniques have
introduced new possibilities for the rapid and targeted
treatment of acute DVT.

European Society for Vascular Surgery (ESVS)
and the American Society of Interventional Radiol-
ogy (SIR), emphasizing a comprehensive approach to
management. Current recommendations advocate for
a combination of anticoagulation therapy, thromboly-
sis, and mechanical thrombectomy depending on the
severity and location of the thrombus. Anticoagulation
with low molecular weight heparin (LMWH) or direct
oral anticoagulants (DOACs) remains the cornerstone
of initial therapy to prevent clot extension and emboli-
zation. In cases of extensive or severe DVT, especially
involving the iliofemoral veins, endovascular tech-
niques such as catheter-directed thrombolysis (CDT)
or percutaneous mechanical thrombectomy (PMT)
may be considered to expedite thrombus resolution
and reduce long-term complications such as post-
thrombotic syndrome (PTS) and recurrent thrombosis
(ESVS, SIR) [5, 6].

Endovascular interventions, including catheter-
directed thrombolysis (CDT), pharmacomechanical
thrombolysis (PMT), and percutaneous mechanical
thrombectomy (PMTB), have emerged as promis-
ing strategies to achieve prompt clot dissolution and
venous patency restoration in patients with acute DVT
[7, 8]. These techniques provide the potential for more
efficient clot removal and faster symptom resolution,
potentially reducing the incidence of post-thrombotic
complications and improving overall patient out-
comes [9]. Nonetheless, a comprehensive assessment
of the available evidence regarding the efficacy, safety,
and comparative effectiveness of these endovascular
approaches for acute DVT is essential to guide clinical
decision-making.

This systematic review aims to comprehensively
evaluate and synthesize the existing literature on the
endovascular treatment of acute DVT of the lower
limb. By rigorously analyzing published studies and
clinical trials, we seek to delineate the current evi-
dence surrounding endovascular interventions,
providing insights into their efficacy, safety, and com-
parative outcomes in the management of acute lower
limb DVT. Ultimately, this review strives to inform
clinicians, researchers, and healthcare practitioners
regarding the optimal utilization of endovascular treat-
ments in the acute phase of DVT, promoting evidence-
based care and influencing future research directions.
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Materials and methods

Literature search strategy

A systematic and comprehensive literature search was
conducted to identify relevant studies pertaining to
the endovascular treatment of deep vein thrombosis
(DVT) in the lower limb. Databases including Pub-
Med and Cochrane Library were searched up to [insert
end date of the search] using a predefined search
strategy. The search strategy employed a combina-
tion of keywords and MeSH terms, including “deep
vein thrombosis,” “lower limb,” “endovascular treat-
ment,” “catheter-directed thrombolysis,” “pharmacom-
echanical thrombolysis,” and “percutaneous mechanical
thrombectomy”

Study selection and eligibility criteria

Inclusion and exclusion criteria were defined to select
relevant studies for this review. Studies included were
required to focus on the endovascular treatment of
DVT in the lower limb. Randomized controlled tri-
als (RCTs), prospective and retrospective cohort stud-
ies, case—control studies, case reports and systematic
reviews/meta-analyses were considered for inclusion.
Studies involving adult human subjects and published
in English were included. Animal studies and confer-
ence abstracts were excluded.

Data extraction

Two reviewers conducted the initial screening of titles
and abstracts based on the eligibility criteria. Full-text
articles of potentially relevant studies were assessed
for further eligibility. Disagreements were resolved
through discussion and consensus or by consulting a
third reviewer when necessary. Data extraction was
performed using a standardized data extraction form,
including details on study design, sample size, interven-
tion type, outcome measures, and follow-up duration.

Data synthesis

A narrative synthesis of the included studies was per-
formed to summarize the findings related to the end-
ovascular treatment of DVT in the lower limb. The
synthesis focused on intervention types, efficacy out-
comes (e.g., clot reduction, venous patency), safety out-
comes (e.g., bleeding events), and follow-up durations.

Results

Inclusion and quality assessment

The initial search strategy resulted in a total of 2136
studies and, after applying exclusion criteria and
screening title, abstract and full text, as for PRISMA
guidelines [10], 33 studies were included, (Fig. 1).
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(n=7)
- Cohort Prospective studies
(n=2)

- Systematic Review (n = 1)
- Casereports (n=2)

- Cohort Retrospective studies

- Observational studies (n = 5)

Fig. 1 Prisma flow diagram

The studies consisted of 8 meta-analysis, 8 ran-
domised controlled trials (RCTs), 7 cohort retro-
spective studies, 2 cohort prospective studies, 5
observational studies, 1 systematic review and 2 case
reports (Fig. 2).

1. Catheter-directed thrombolysis (Table 1).

Catheter-directed thrombolysis (CDT) has emerged as
a promising and minimally invasive therapeutic approach
for managing DVT, offering targeted delivery of throm-
bolytic agents directly to the clot site.

CDT involves the insertion of a catheter into the
affected vein under imaging guidance, allowing for the

administration of thrombolytic drugs, typically a throm-
bolytic agent such as tissue plasminogen activator (tPA),
directly into the clot. This localized treatment aims to
dissolve the clot, restore venous patency, and allevi-
ate symptoms associated with DVT. The procedure has
gained traction as an alternative to traditional systemic
thrombolysis, which may be associated with an increased
risk of bleeding.

The amalgamation of evidence derived from a series
of clinical trials and systematic reviews investigating the
efficacy of catheter-directed thrombolysis (CDT) and
ultrasound-accelerated CDT for the management of
deep vein thrombosis (DVT) offers significant insights
into their effectiveness. According to the 2020 NICE
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a) CT scan showing acute ileocaval thrombosis; b-c) showing bilateral venogram that confirms complete thrombosis

and collaterals.

d-e) showing fresh thrombi aspirated with the Indigo System 24F; f) venogram shows reperfusion of the ilea-caval axis
with caval and iliac residual stenosis.

q

[y

g) Caval stenting with a balloon expandable covered stent 24mm; h) bilateral stenting of the common iliac vein with

self-expandable braided nitinol stents 18 and 20mm:; i) CT at 7 days post procedure showing complete patency and of
the ileocaval veins. The patient was discharged asymptomatic in oral anticoagulation.
Fig. 2 Showing a case of complex acute ileo-caval thrombosis treatment in a symptomatic patient with bilateral pain and legs swelling

guidelines, catheter-directed thrombolysis (CDT) is rec-
ommended as a therapeutic intervention for individuals
diagnosed with iliofemoral deep vein thrombosis (DVT)
who present with symptoms persisting for less than
14 days, exhibit a low risk of bleeding, maintain good

functional status, and possess a life expectancy of one
year or more [11].

Noteworthy studies [9, 12-19] collectively shed
light on the positive impact of CDT in ameliorat-
ing venous patency and diminishing the incidence of
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post-thrombotic syndrome (PTS) in patients grappling
with acute or subacute DVT. For instance, Enden et al.
[9] randomized controlled trial spanning from January
2006 to December 2009, involving 209 patients, illus-
trated a significant reduction in the risk of PTS in those
with iliofemoral DVT who underwent CDT. The abso-
lute risk reduction of 14.4% at 24 months and enhanced
short-term iliofemoral patency after 6 months under-
scored the efficacy of CDT, albeit with acknowledgment
of a small additional risk of bleeding. Notten et al. [12]
clinical trial, focusing on long-term follow-up of PTS
patients, unveiled that supplementary ultrasound-accel-
erated catheter-directed thrombolysis could mitigate the
risk of PTS, especially when employing the International
Society of Thrombosis and Haemostasis (ISTH) defini-
tion. Despite these benefits, the study highlighted limited
improvement in patients’ quality of life.

Zhu et al. [13] clinical trial comparing ultrasound-
guided CDT with ultrasound non-guided CDT show-
cased the advantages of ultrasound guidance, including
higher success rates, shorter operation times, lower
incidence of hematoma, improved venous patency,
and significantly lower rates of long-term PTS in the
ultrasound-guided group. Engelberger et al. [14] BER-
NUTIFUL study, centered on acute iliofemoral DVT,
demonstrated that a standardized catheter thrombolysis
regimen followed by routine stenting resulted in low PTS
incidence, good quality of life, and excellent patency rates
with minimal postthrombotic vein lesions. Interestingly,
the addition of intravascular ultrasound did not signifi-
cantly impact the outcomes.

Lu Y et al. [18] conducted a meta-analysis comparing
catheter-directed thrombolysis (CDT) with anticoagula-
tion therapy alone for acute lower extremity deep vein
thrombosis (DVT). CDT improved venous patency and
reduced postthrombotic syndrome (PTS) but increased
bleeding and pulmonary embolism (PE) risks. No sig-
nificant differences were found in death or recurrent
VTE events. CDT patients had longer hospital stays and
higher charges. The decision to use CDT should consider
patient risks and treatment benefits.

These findings collectively emphasize the promising
benefits of CDT in enhancing venous patency and reduc-
ing PTS. However, the decision to employ CDT warrants
careful consideration of individual patient risk profiles,
weighing potential benefits against the heightened risk
of bleeding and other complications. This underscores
the imperative for ongoing research to refine techniques,
minimize complications, and optimize DVT treatment
strategies in clinical practice.

2. Pharmacomechanical Thrombectomy and Mechani-
cal Thrombectomy (Table 2).

Page 6 of 16

In the dynamic field of deep vein thrombosis (DVT)
management, studies assess the efficacy and safety
of diverse treatment approaches. The exploration of
mechanical thrombectomy (MT) devices in the manage-
ment of acute iliofemoral deep vein thrombosis (DVT)
presents a multifaceted landscape, characterized by
diverse outcomes from studies utilizing various devices
such as AngioJet™", Aspirex" S, Clottriever ® (Inari Medi-
cal Inc., CA, USA), Indigo® System CAT-8(Penumbra
Inc., CA, USA), and Lightning® 12 (Penumbra Inc., CA,
USA) that can be used alone or combining with clot-dis-
solving drugs in the Pharmacomechanical thrombectomy
(PMT). Studies, from pharmacomechanical catheter-
directed thrombolysis to AngioJet Rheolytic Thrombec-
tomy (ART), explore treatment intricacies and their
impact on post-thrombotic syndrome, quality of life,
bleeding risks, and overall efficacy.

Comerota AJ et al. [30] ambitious study navigates the
complex terrain of iliofemoral deep vein thrombosis
(DVT) treatment, comparing pharmacomechanical cath-
eter-directed thrombolysis (PCDT) to anticoagulation
alone in the ATTRACT trial. Despite notable improve-
ments in leg pain, calf circumference, and quality of life
with PCDT, the primary outcome of post-thrombotic
syndrome (PTS) development remains statistically indif-
ferent between groups, prompting a reevaluation of
PCDT'’s overall efficacy in iliofemoral DVT.

Zooming into the femoral-popliteal subset, Kearon
C et al. [31] reveal PCDT’s limited benefits in prevent-
ing PTS and its associated elevated risk of bleeding. This
prompts a reconsideration of PCDT as the primary treat-
ment for femoral-popliteal DVT.

Liu G et al. [32] introduce an alternative treatment
approach with the AngioJet system, emphasizing early
intervention in managing lower extremity DVT. How-
ever, their acknowledgment of study limitations under-
scores the necessity for further research to refine this
strategy.

Weinberg I et al. [33] in a large randomized study, com-
paring anticoagulation alone to anticoagulation com-
bined with percutaneous catheter-directed thrombolysis
(PCDT) for acute proximal DVT, reported that PCDT
is associated with lower thrombus burden at both 1
and 12 months. A thrombus-free common femoral vein
(CFV) at 1 month correlates with improved clinical out-
comes, while successful restoration of CFV compressibil-
ity is linked to reduced post-thrombotic syndrome (PTS)
and better quality of life (QOL). However, PCDT does
not significantly reduce venous valvular reflux, which
appears to contribute to the progression of moderate-
to-severe PTS. The study emphasizes the relationship
between thrombus burden, valvular reflux, and PTS, sug-
gesting the need for further exploration of the “open vein



Page 7 of 16

(2024) 7:82

Siciliano et al. CVIR Endovascular

sa16a1e11s JusWIeaI] dA0idwi 01 YDJeasal
J2YLNy 10§ Pa3U 343 pue | AJ 1nde Bul
-beuew Jo Auxe|dwod ayy paziseyduws
Apnis ay]—< Iq > Bulpas|q Jo ysu
paseaIdul Ue 1M Pajeldosse sem | JDd
-19[01BUY—< Q> W31 BUO| 3Y1 J3A0 15IS
-1ad 10U pIp s1yauaq asay]—< g >"1Ad
Jewixold a1nse yum syusied ul S1d bul
-DNPaJ pUe Ja1124 WoldwAs Ul siyauaq
WI33-HOYSs pamoys | gDd-13rolbuy -
(100) 3)1] Jo Ajenb panoidul 10 (S1d)
SUWOIPUAS DoquIolyl-1sod paonpai se
42NS S3WODINO [ed1ul]d paroidull 03

pe3| 10U PIP SIY1 INQ ‘UISA [BJOWS) 33 Ul
SNQUIOIY} [PNPISSI PRONP3J B YHM
PR1eID0SSe SeM | JDd—<Iq > XN}l
JB|NAJRA JO 9DUS1INID0 33 92NPaiJ 10U
pIP ING U3PINQ SNQIOIYL padNPal |dDd -
S9WODINO Jana(q

plaIA 01 paseadde 19s5uo WoldwiAs 1a1je
AjHoys pareasy syuslied JO UONDSISS
—<1g>"S] d PUE 95U3LNJ3I SISOQUIOIY)
[ewixoud JO S 94l 2nPal AeW SUIDA
J|BD Ul 9dUBIES|D SNQUIOIY|—< G > Ad
ANWR11X3 Jamo| Yum syuaiied 1oy siya
-Uaq aneY Aewl AUI0123GWIOIYL JO

/PUB SISAOqWIOIY} 9ARdUN(PY -

buipaalq Jo

3S1 PaseaIdul Ut YlIM Pa1e[DOSSe SeM
10Dd—<4g > AQ [eaujdod-[eiow) Yam
syuaned ul buljlems b buiroiduwl 1o
‘uted B3| budNpai ‘51 4 bunuaaaid jo
SULI) Ul S1yauaq apiroid 10U pIp 10Dd -

3UO|e UOIIE|
-nHeodjue 01 pasedwod yiesp 1o ‘Wsljoq
-WS0GUIOIY} SNOUA JULINJ3I ‘Bulpaalq
Jofew jo sa1el Jaybiy Apuesyiubis yim
P31BIDOSSe 10U Sem |(JDd—< IJ > duoje
uonejnbeodiue 03 pasedwod 10D dYid
-ads-swoidwiAs pue O dyDads-aseasip
SNOUSA ‘2dU3J4NndiID §jed ‘uted B3| Ul
syuswianoidwi Juedyiubis 03 paj 1dDd -

(100) 341 Jo Ajenb 4aija1 wol
-dWIAS (S| d) SWOIPUAS D10GUIOIYI-1SOd

XN|J21 Je[NAJRA ‘92URIe3|D SNGWOIY |

20URIES|D SNQUIOIYY
'(S1d) SWOIPUAS D10QUIOIYI-1SOd

(SLd) SWOIPUAS 2130qUIOIYI-1SOd

(100) 34| Jo Aujenb
uEu@Qm\mmmwm% SNOUSA \an_ Jo \Autm>wm
'(SLd) 8WOoIpUAS 210QUIOIYI-1SOd

(1aDd) sishjoquioiy | pa1dailg
-1919Y318D) SNOSURINDIA 137010UY

(1dDd) sisAjoquioiy}
Pa10alIp-1918Y1eD |edlURYDaWOdRUIRY

(1QD) sisAjogwioly}
P31231IP-1919Y1eD pue W1sAS (1Y)
Awo1daquioly] d1A|osyy 19[olbuy

1dDd ou s (1aDd) sisAjoquuoiyy
pa1021Ip-J1213Y31eD [BDjURYDI3WIOdR_ULIRY

auoje
uoneNbeodIU. ‘SA (|dDd) SISAOqUIoIY)
Pa1031IP-J213Y1eD [BDIURYDSUIODR_ULIBYY

payidads 10N

payidads 10N

paydads 10N

1AQ |eaujdod-jejowa) yum suusned 00g

1AQ [elowsjolfl Yam siuaned 769

[81] 12 S Weyuepap

[£1] |32 | Braquism

9117212 D NN

[51][e 319 D Uosedy]

[r1] |2 33 v e108UWO0D

sbuipuiq A3y

awoInQ uley

UOIUAAIDIU|

sjualled/uonejndod

Apmg

AWO03123qIOIY | [BDIUBYIN pUB AUIOIDSGUIOIY] [edlueydsulodrUIRYd JO AJewwng g ajqel



Page 8 of 16

(2024) 7:82

Siciliano et al. CVIR Endovascular

dn

-MOJ|0} AJea 1e paniodal Jalja) woldwiAs
JUedYIUDIS pauIRISNG—< IQ > Pariodal
suoned||dwod 1uedylubis ou yim abieyd
-SIp 210420 UOIIN|0Sa) WOIdWAS PadUD
-ladxa syusied Jo 9500 L —<4q > "UOIS
-595 9|buls e ul syualed |je ul

P3A3IYDE UOIIBNIBAS 10JD [NYSSIINSG -

PaAISCO $958D (S| d) UOIPUAS d130q
-W0JIY1-150d 219A3S ON—< UG > 06/98
SYIUOW €77 4O dN-mO||0f UeaW 1e d3el
Adua1ed A1epuodas—< ig > -syuaiied jo
0506 Ul PIASIYDE SSIIINS [BDIUI]D 1R
-IpaWW|—< I > "9%06 :21el Aouaied
Arewind ‘9600 | :2181 $5920NS [eDIUYD3)] -

syauow | | Je

981G PUB SYIUOW 1 1B 940" g :S91el
[BAIAINS 931}-90UB1IN29Y—< Iq > ‘paniodal
92IASP 1901bUY 2yl 01 payul| Apdalip
suoied||duwod oN—< Iq > syualied

150W Ul parosduwl Apuedylubis swoy
-dwiAs [ed1ulD—< Iq > $31el $5322NS
BuIk1eA YiM ‘PaAISSGO [PAOUIRI
SNQUIOIY1 JO S|aA3] Uyl -

dn-moj|o} Jo syruow 7| pue

‘c '] 1e Ajje1dadsa ‘Adeiayi Juejnbeodpue
plepuels 01 pasedulod $2102s WorduwAs
[ed1ul|> paAoIdw|—< Ig > ‘dn-moj|oy
Yiuow-g | buunp sisoquiosyl 1uais-ul Jo
SIUSPIDUI [BWIUIW YUM S1es Aouaied
JU91S-Ul 19119g—< Ig > dnoub Juswieal)
[P2IPSW 01 pasedWiod SYuow 7| pue ‘c
‘| 1e sa1e Aduaied Jaybiy Apuedyiubis -

1AQ [ea1dod-|eiowa) J0j JUSWIea] (Bl
-lUl 9Y1 Se ] dDd JO dsn aunnos syl isutebe
PIPUSWIWIOI] SI0YINe ay]—< g > HBul
-pa3|q JO ¥SI PaseaIdul Ue Ylm
Pa1eID0SSe Sem |(JDd—< 49> IAQ
|ea1jdod-|eiows) yim siuaied Joj

‘wis1 Buo| 10 10YS SY1 Ul Jayue
'SOWODIN0 A2BDLYD JO SWIS) Ul SIyauaq
[enueIsgns apiaoid 10U pIp |dDd -

91eJ uoljed||dwod ‘uoin|osal WoldwAs WID1SAS JaAS1110D 1AQ Alwa1xa oMol yum siusied | [£7] [e 39 [ [odweD-yoolieusg
SWOIPUAS
Jpoquioiyi-isod ‘Aousied Aiepuodas 1Ad
‘Aouared Arewlld ‘ss922nNs [DIUYDSL ISP GgxlIdsy onewoldwAs 91nde yum syusied g [c7] |e 19 Koo

JusWaA0IdwWl [BD1UlD ‘|RAIAINS
9914-92UD1INJ31 'UONDRIIXD SNGWOIY | Awo1daquiolyl 2140yl 19101buY 1A 2AISUSIXS Yum siusned /| [12] e 13 uefesisey

$2102S WOoIdWIAS [BDJUl]D ‘S918) 1AQ (jewixoud)
Adua1ed 1ua1s-ul ‘sa1es Aoualed snousp  AW0IDGUIOIYY uonelidse SNOaURINDID |ea1jdod-|esowjol|l yum siuaied i [07] [P 12 41ED

auole
WISI|OqUIS0gWOIY) SNOUSA JUaI  Uope|nbeodiue 'sa (1JDd) SISAIoquIoIy)
-IND3J ‘(S 1d) UWOIPUAS DIIOGQUIOIYI-ISO4  Paldalp-1a1ayied [edjueydawodeweyd |AJ [eayjdod-jeioway yim siuaned 0o [61]°1239 S |esnyL

sbuipuiq Aoy

awodInQ ulep UOIJUIAIDIU| sjuaned/uonejndod Apnis

(panunuod) g ajqey



Page 9 of 16

(2024) 7:82

Siciliano et al. CVIR Endovascular

1AQ-37 91nde Yim

syusned oy yoeoidde a|gisesy pue aAl
-D3}49 UB PRIaPISUOD [A\Jd—<Iq > Hsu
Buipss|q sseanul Apuedyiubis 10u

plp pue ‘Aduaied snouaA pasealdul

"Jd PuUB S1d JO>IsH 9yl padnpal |ATd -
1AQ buneaiy joy ann

-BUJS)|E 3JBS PUE SA1D3Y)9 UR PRISPISUOD
'LAD INOYUM IO YUM ‘| Nd—< G > 3Uo[e
1D 01 patedwod pasinbai sawn
[einpadold Ja1ioys pue sbnip dnkjog
-WOIY3 JO S0P JOMOT—< UG > 1D YIM
UOI1BUIGUIOD U] IO SUOJR JaYIR ‘| Nd YUm
panIasqo suoned|jduwod sAielsdonsd
2I9AS SJeJ PUE 'S218J 9DUSIIND3I
SISOQUIOIYL MOJ ‘S31eJ SISA| YBIH -

Adelayl dpA|

-0gqUIOIY} Ja1je pouad Jeak-z ay1 ulyaim
pasn sem ] A\ld Uaym aouapidul S1d
J9MOT—< 1 > suonedlidwod buipas|q
Jofew Jo aduapIdUl Jlamo| pue Adesayl
21A|OGUIOIY] JO UOIBIND PIdNPaJ YIIM
P31e120SSyY—< Ig > "3uole | D O}
paledwod 9oUadsaWNIAP YbIyl pue
A>ua1ed snouaa jo saiel Jaybiy ul
pa1Nsal 1dD YIm LN JueAn(py -
payodal

suoned|dwod aAiesadolsod ou yim
ab1eydsip 210§aq syuaiied |je ul panalyde
uoNIN|0Sa WOoIdWAS—< Iq > "PaAISSqo
SSO| POO|Q [BWIUIW YIM UoRINPI
SNQUIOIY} 950/ < paAalyde syuaned ||y -

PaAISSO 219M SRUIODINO 3|qe
-obeuew pue ‘pajiuli| a4am suoiedlduod)

—< Qg > WRISAS AW0IDgUIOIY) uoliel
-1dse ay1 M 1.l $$930NS [BIIUYID) 9600 -

payodal

o|youd A1a4es pue uoINjosas WOoIdwAs
[P11IUI JO SULIS] Ul SOWODINO 3|CRJOARS
—<1g >34 SAISUSIUI IO S3UI) UOISNyUl
pabuojoid 1oy PasU B4 INOYUM PaASIyde
1AQ [BABD PUE [RIOWSJOI|I 91N2BGNS O}
91N JO JUSUIILSI] UOISSS-9|BUIS -

st Buipas|q
‘Aouaied SNOULA ‘4 pue S d JO ¥SIY

suoped||duwod ‘adual
-INJ31 SISOQUIOIYL ‘[BAOWI SNQUIOIY |

s Bulpas|g ‘uoneinp
Adelaya dnAjogquioiyy ‘“Aoualed snousp

suol1edljdwod ‘[eAOWA) SNQWIOIY |

suol1edljdwod ‘UoINjosal SNQUIOIY |

214 UoNed||dWOod ‘UoN|OSaI WOIdWAS

(IA3d)
UOIIUSAIS1UI SNOUSAOPUS SNO3URINDID

10D YU 10 3Uofe [ INd

1aD Buunp 1 Nd Juean(py

uoneJidse yuabijj21ul
71 buiuybi aya buisn wa1sAs yIND

W3ISAS 8 AW0IDgUIOIY) [BD
-lueyd3aW uolelidse snonunuod obipu|

WR1SAS 19A3L110]D IYYNI

payidads 10N

1AQ M sauaned €z¢’|

payinads 10N

1A [BIOWJ01|I 93Inde Yum siusiied 9|

1AQ [eAUd Jo
|RJOWSJOI|1 IO} pateail syualied us]

uaned |

[6cl eI D NH

[87] 1232 ‘M Buem

(L eeMmn

[97] e 32 UOsHIBQOY

(5] |e 19 zodo]

[¢] 1212 Yr 12UMOID

sbuipuiq Aoy

awo2INQ uley

UOIUAAIDIU|

sjuaned/uonejndod

Apnis

(pPanuiuod) Zalqel



Siciliano et al. CVIR Endovascular (2024) 7:82

hypothesis” and potential alternative mechanisms influ-
encing PTS pathophysiology.

In the comparative analysis made by Vedantham et al.
[34] of AngioJet PCDT for acute proximal DVT under-
scores short-term benefits but emphasizes the evolving
nature of DVT management, calling for continuous scru-
tiny and refinement.

Thukral S et al. critical analysis within the ATTRAC
T trial questions PCDT’s role in femoral-popliteal
DVT, highlighting a lack of substantial benefits and an
increased bleeding risk.

In synthesis, these studies collectively urge a departure
from one-size-fits-all approaches in DVT management.
The discursive exploration prompts a reflective consider-
ation of each intervention’s nuanced impact, emphasizing
the evolving landscape of DVT treatment and the imper-
ative for individualized patient-centered care.

An exemplar study conducted by Cakir et al. [20] on
percutaneous aspiration thrombectomy (PAT) revealed a
substantial increase in patency rates compared to stand-
ard anticoagulant therapy. Specifically, the interventional
group exhibited significantly higher patency rates at 1,
3, and 12 months, underlining the immediate impact of
PAT on vascular patency.

Kasirajan et al. [21]observational study reported a
100% technical success rate using the AngioJet device,
showcasing varying degrees of thrombus removal. Nota-
bly,>90% removal was achieved in 24% of patients,
50%—90% removal in 35%, and<50% removal in 41%,
emphasizing the device’s effectiveness across a spectrum
of thrombus burdens.

Loffroy et al. [22] exploration of PMT using the
Aspirex®S device demonstrated a 100% technical suc-
cess rate, with a primary patency rate of 90% and a sec-
ondary patency rate of 86.7% at a mean follow-up of
22.3 months. This study not only highlights the technical
success of Aspirex®S but also underscores its immediate
clinical success, with 90% of patients experiencing rapid
recovery and discharge within 2 days after the procedure.

The ClotTriever System, as investigated by Benarroch-
Gampel et al. [23] in a retrospective study involving 12
patients, showcased a 100% successful clot evacuation
in a single session without the need for repeat interven-
tions. The efficiency of the ClotTriever System is fur-
ther accentuated by the short average length of hospital
stay (2 days), indicative of its potential for swift patient
recovery.

Wang W. et al. [28] comprehensive meta-analysis cov-
ering 35 articles and 1,323 patients spanning from 2001
to 2017 provides a holistic view of the efficacy of PMT
in treating lower extremity DVT. The analysis indicates
high lysis rates, low thrombosis recurrence rates, and
rare severe perioperative complications associated with
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PMT, whether performed alone or in combination with
catheter-directed thrombolysis (CDT).

Hu G et al. [29] investigation into percutaneous end-
ovenous intervention (PEVI) compared to anticoagu-
lation in acute LE-DVT demonstrated quantifiable
reductions in post-thrombotic syndrome (PTS) and pul-
monary embolism (PE) risks, increased venous patency,
and a negligible increase in bleeding risk with PEVI
These numerical findings provide concrete evidence sup-
porting the effectiveness and safety of PEVI relative to
traditional anticoagulation therapy.

In summary, the incorporation of specific numerical
results enriches the discourse on the efficacy and safety
of mechanical thrombectomy devices in managing acute
DVT. These results not only underscore the immediate
and long-term benefits but also highlight the safety pro-
files associated with different mechanical thrombectomy
approaches, offering valuable insights for healthcare pro-
fessionals and researchers engaged in DVT treatment.

3. Venous stenting (Table 3).

Venous stenting serves as an additional therapy for
patients experiencing acute iliofemoral deep vein throm-
bosis (DVT) if residual venous obstruction (RVO) per-
sists after thrombolysis and balloon angioplasty, aiming
to restore vein patency and mitigate post-thrombotic
syndrome (PTS) risks. Evidence suggests a higher inci-
dence of PTS and venous thromboembolism (VTE)
recurrence when balloon angioplasty is solely employed
in patients with RVO [41]. To ascertain the lesion’s
nature, a combination of computed tomography or MR
venogram and intravascular ultrasound (IVUS) is recom-
mended before initiating treatment [42].

Severe PTS often results from chronic outflow obstruc-
tion, primarily involving the iliac vein, given its limited
collateralization. Research indicates that when patients
exhibit severe symptoms, venous stenting is warranted
if the obstruction exceeds 50%, superficial collaterals
develop and there is concurrent reflux in the deep and/
or superficial veins. Femoropopliteal DV Ts are typically
managed through anticoagulation therapy alone [43].

Despite the widespread use of catheter-directed throm-
bolysis (CDT), there remains a dearth of compelling data,
particularly concerning medium- to long-term outcomes,
supporting the adjunctive use of venous stents. Chronic
venous obstruction can stem from postthrombotic or
nonthrombotic causes, resulting from various intrinsic,
mural, and extrinsic pathologies. External compression
may arise from adjacent tissues or localized compression
by a pulsatile artery, exemplified by May-Thurner config-
urations, where the left common iliac vein is compressed
by the right common iliac artery. Chronically occluded
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veins, often comprising collagen, pose greater treatment
challenges. The outcomes are contingent upon whether
the lesion is postthrombotic or nonthrombotic iliac vein
lesion (NIVL), underscoring the importance of meticu-
lously timing stenting and selecting appropriate stent
designs. However, the evidence supporting intervention
in NIVL cases is less conclusive, necessitating caution
until more compelling data emerge [44].

Studies provide insights into the efficacy of endovascu-
lar interventions. Srinivas et al. [45] showcase promising
outcomes of catheter-directed thrombolysis (CDT) and
venous stenting, with immediate clinical improvement,
yet complications warrant caution. AbuRahma et al.
[46] emphasize the benefits of multimodality treatment
involving lysis and stenting over conventional therapy,
supported by Kaplan—Meier analysis. Husmann et al. [47]
present a comprehensive solution for May-Thurner-Syn-
drome, and Xue et al. [35] highlight CDT and stenting
success in iliofemoral DVT. Jiang K et al. [36] trial sup-
ports additional benefits of stent placement post-CDT,
and Razavi M et al. [37] subanalysis suggests favorable
long-term results. Mewissen et al. [38] registry empha-
sizes better 1-year patency with stent placement.

The practice of using stenting for both thrombotic
and nonthrombotic deep venous pathology has become
common to enhance wound healing and quality of life.
Intravascular ultrasound (IVUS) examination has gained
popularity for visualizing and sizing iliac vein stenoses
before and after stent placement. A significant shift
towards IVUS examination occurred after the Venogram
vs IVUS for Diagnosing Iliac vein Obstruction (VIDIO)
trial highlighted its superiority in detecting venous sten-
oses>50% compared to multiplanar venography.

This study by Tran, L. M. et al. [40] aimed to evaluate
the impact of adjunctive IVUS use during iliofemoral
vein stenting on patency and outcomes. Data from the
University of Pittsburgh Medical Center were retrospec-
tively reviewed from January 2014 to December 2020.
Patients were divided into two groups based on whether
IVUS examination was used before stent deployment
along with venography, compared to venography alone.
Patient characteristics, procedural details, and outcomes
were analyzed. The results showed that 30-day stent fail-
ure requiring reintervention was significantly lower in
the IVUS + venography group compared to venography
alone (10.6% vs 1.5%). Two-year primary patency rates
were also significantly higher in the IVUS+venogra-
phy group (90.3% vs 78.7%). IVUS utilization was found
to independently protect against stent reintervention
up to 2 years. Subgroup analysis revealed differences in
stent characteristics based on the underlying venous dis-
ease. IVUS examination was associated with increased
total stent length and stent extension below the inguinal
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ligament in acute DVT cases, while it was associated with
larger stent diameter in NIVLs.

In conclusion, venous stenting plays a crucial role in the
management of acute DVT, especially in cases of RVO
after thrombolysis and balloon angioplasty. The combi-
nation of computed tomography or MR venogram with
intravascular ultrasound (IVUS) aids in determining the
nature of the lesion before initiating treatment, ensuring
appropriate intervention. Moreover, stringent selection
criteria govern the utilization of thrombolysis and venous
stenting, emphasizing the importance of considering
various factors such as bleeding risk, DVT anatomy, and
severity of symptoms. While studies demonstrate prom-
ising outcomes of endovascular interventions, further
research is warranted to establish the long-term efficacy
and safety of venous stenting, particularly in cases of
NIVLs. The integration of IVUS examination into clini-
cal practice has shown significant benefits, leading to
improved short-term and long-term outcomes, reduced
stent failure rates, and enhanced primary patency rates,
ultimately contributing to better patient care and man-
agement of venous pathology.

Discussion

Endovascular treatment of deep vein thrombosis (DVT)
has become an integral part of managing this condition,
particularly in cases where anticoagulation alone may
not suffice or when there is a need to alleviate symptoms
promptly. One crucial aspect in the management of DVT
is the timing within which to proceed with endovascular
intervention. Early intervention in DVT can lead to bet-
ter outcomes, including reduced risk of PTS and improve
venous patency (Fig. 2).

Several studies have investigated the optimal timing
for endovascular treatment of DVT, with varying conclu-
sions based on patient characteristics, severity of throm-
bosis, and available resources. One notable study by
Vedantham et al. [6] analyzed data from a large cohort of
patients undergoing endovascular therapy for acute DVT,
reporting that the average time from symptom onset
to endovascular treatment ranged from 7 to 14 days,
depending on the severity of symptoms and the presence
of associated complications such as pulmonary embolism
or limb ischemia.

However, interpreting these findings requires con-
sideration of several factors. Firstly, the definition of
“optimal timing” may vary among centers, with some
focusing on symptom resolution, while others prioritize
prevention of long-term complications such as post-
thrombotic syndrome. Additionally, challenges in accu-
rately determining the onset of symptoms, particularly in
cases of chronic or subacute DVT, can impact the per-
ceived urgency of intervention. Furthermore, logistical
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constraints within healthcare systems, such as avail-
ability of specialized interventional facilities and clinician
expertise, may influence the practical feasibility of timely
endovascular treatment.

The optimal timing for endovascular treatment of DVT
remains a topic of debate and ongoing research within
the medical community. While studies such as that by
Vedantham et al. provide valuable insights into average
timeframes, clinicians must individualize treatment deci-
sions based on patient-specific factors and clinical pres-
entation. Factors such as the presence of complications,
risk of thrombus progression, and patient preferences
should all be considered in determining the urgency of
intervention.

The latest recommendations from the American Col-
lege of Chest Physicians, the National Institute for Health
and Care Excellence, and the European Society of Cardi-
ology do not provide guidance on the utilization of intra-
venous stenting following catheter-directed thrombolysis
(CDT) or pharmacomechanical thrombectomy for acute
deep venous lesions of the lower limb, likely due to inad-
equate rationale. Most existing studies are retrospective,
involve cohort series, or are smaller trials with varying
study methodologies.

It has been evaluated in a systematic review [48] the use
of venous stenting after early thrombus removal in acute
iliofemoral deep vein thrombosis (DVT). It points out the
limited evidence supporting its efficacy due to methodo-
logical weaknesses in existing studies, such as small sam-
ple sizes and lack of randomized controlled trials (RCTs).
While some evidence suggests potential benefits in terms
of maintaining venous patency and reducing post-throm-
botic symptoms (PTS), uncertainties remain regarding
optimal patient selection criteria and antithrombotic
regimens post-stenting. The discussion underscores the
need for further well-designed research to address these
gaps and guide clinical decision-making effectively.

According to a systematic review by Wen-da et al
[43], which evaluated the management strategies for
post-thrombotic iliac vein obstruction, venous stent-
ing emerges as a viable treatment option in cases where
the obstruction exceeds 50%. This finding underscores
the importance of identifying the severity of obstruction
through diagnostic imaging modalities such as venog-
raphy or duplex ultrasound. Moreover, the presence of
superficial collaterals further supports the indication for
venous stenting. These collaterals indicate venous insuf-
ficiency and suggest a compromised venous drainage
system.

Furthermore, the review suggests that the presence of
reflux in both deep and/or superficial veins serves as an
additional indication for venous stenting. Reflux not only
exacerbates venous hypertension but also contributes to
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the progression of PTS symptoms. Therefore, addressing
reflux through venous stenting can alleviate symptoms
and potentially halt disease progression.

Conversely, femoropopliteal DVTs, which primar-
ily involve the lower extremities, are best managed with
anticoagulation therapy alone. This approach is sup-
ported by the natural history of femoropopliteal DV Ts,
which tend to resolve spontaneously with anticoagulation
therapy, thereby minimizing the risk of recurrence and
long-term complications.

Looking at future directions this study has highlighted
three hot topics the use of mechanical thrombectomy
devices which, with or without medical therapy, can
remove even chronic thrombi, the emerging role of IVUS
and the availability of new stents with adequate profiles.

Among mechanical thrombectomy devices the Clot-
Triever System is a mechanical thrombectomy device
designed to remove large venous thrombi while mini-
mizing trauma to the vessel wall. Abramowitz et al. [49]
conducted a retrospective analysis of data from the Clot-
Triever Outcomes Registry, focusing on the outcomes of
patients with acute and chronic lower extremity DVT,
reporting rapid symptom improvement and resolution
of thrombus burden. The study highlighted the feasibil-
ity and efficacy of ClotTriever treatment in patients with
chronic DVT. Chronic DVT poses unique challenges due
to the presence of organized thrombi and venous steno-
sis or occlusion. Despite these complexities, ClotTriever
treatment was associated with successful thrombus
removal and improvement in venous patency in a sub-
stantial proportion of chronic DVT cases.

Vedantham et al. [6] review underscores the impor-
tance of precise imaging modalities in the assessment
of acute iliofemoral DVT. IVUS stands out as a valu-
able adjunctive tool due to its ability to provide detailed
intravascular images, allowing for comprehensive evalu-
ation of thrombus burden, composition, and vessel archi-
tecture. Unlike traditional imaging techniques such as
duplex ultrasound or venography, IVUS offers direct vis-
ualization of the thrombus within the deep venous sys-
tem, enabling clinicians to better characterize the extent
and severity of the thrombotic occlusion.

Moreover, IVUS facilitates real-time assessment dur-
ing endovascular interventions, guiding therapeutic
decision-making and optimizing procedural outcomes.
By accurately delineating the morphology of the throm-
bus, IVUS assists in determining the feasibility of various
treatment approaches, including pharmacomechanical
thrombolysis, catheter-directed thrombolysis, mechani-
cal thrombectomy and venous stenting. This personal-
ized approach to DVT management, informed by IVUS
findings, enhances the efficacy of endovascular interven-
tions while minimizing procedural risks.
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Table 4 Algorithmic approach to tailor individualised approach in treating acute DVT

1. Anticoagulation Only: For low-risk patients (small, distal DVTs) or those at high risk of bleeding.
O Anticoagulation Agents: Use DOACs (Direct Oral Anticoagulants) or LMWH.
O Duration: Short-term (3—6 months) vs. long-term anticoagulation based on recurrence risk.

2. Catheter-Directed Thrombolysis (CDT): For patients with large proximal DVTs (e.g,, iliofemoral) with low bleeding risk and symptoms <14 days.

O Thrombolytic Therapy: tPA or urokinase delivered directly via catheter.

O Benefits: Reduce post-thrombotic syndrome (PTS), increase venous patency.

O Logistics: Requires availability of interventional radiology suite and skilled personnel.

3. Pharmacomechanical Thrombectomy (PMT): For patients with extensive thrombus burden or those in whom CDT alone is insufficient.

O Devices: Use devices such as AngioJet, Aspirex, or ClotTriever to assist in clot removal.

O Combination: Often combined with CDT for better efficacy.

O Considerations: Requires availability of specialized mechanical devices and operator expertise.

4.Venous Stenting: Consider in cases of residual venous obstruction (RVO) after CDT or PMT, especially in iliac vein compression (May-Thurner syn-

drome).

O Indications: Obstruction >50%, development of superficial collaterals, symptomatic relief.

O Procedure: Stent deployment with intravascular ultrasound (IVUS) guidance for precision.

O Long-Term: Requires follow-up for patency, PTS, and complications like stent occlusion.

Step 5: Multidisciplinary Review

« Team Discussion: Involve vascular surgeons, interventional radiologists, and hematologists for consensus on complex cases.

- Patient Preference: Include patient in decision-making, considering their preferences, quality of life, and long-term prognosis.

Step 6: Post-Procedure Follow-Up and Adjustment

« Early Follow-Up: Within 1 month for imaging (venous duplex or IVUS) to confirm venous patency.

« Long-Term Monitoring: Regular follow-ups every 3-6 months for recurrence of symptoms, assessment for PTS, and anticoagulation management.

Murphy E. [50] delves into the significance of four
pivotal Investigational Device Exemption (IDE) trials—
VIRTUS, VERNACULAR, VIVO, and ABRE—that have
furnished essential insights into the safety, efficacy, and
enduring consequences of iliofemoral venous stenting
for obstructive disease. These trials, encompassing more
than 800 patients collectively, have showcased the viabil-
ity and safety of venous stenting, with minimal adverse
incidents and promising patency rates observed during
the 12-month follow-up period.

While these trials share similarities in their design,
including enrollment criteria and patient categorization,
disparities emerge in endpoint definitions and evalua-
tion methods, particularly concerning primary patency.
Differences in imaging techniques, patency criteria, and
reporting protocols across the trials impede direct com-
parisons and underscore the necessity for standardiza-
tion in forthcoming endeavors.

Initially, Wallstents were utilized in the venous system
despite lacking approval for this specific indication. How-
ever, dedicated nitinol venous stents have since become
available for employment in the iliofemoral venous sys-
tem. Made in particular with Elgiloy material, Wallstents
have now been joined by nitinol stents, which boast laser-
cut designs, resulting in stents with reduced foreshorten-
ing and enhanced landing precision. This advancement
has facilitated the consistent preservation of venous

confluences and optimization of inflow. Moreover,
nitinol stents can accommodate longer lengths required
for addressing isolated compressive lesions or extensive
segmental disease commonly encountered in postthrom-
botic venous obstruction [49].

Table 4 shows a proposed algorithmic approach to tai-
lor individualised approach in treating acute DVT.

Conclusion

The systematic review presented herein delves into the
multifaceted landscape of endovascular interventions
for acute deep vein thrombosis (DVT) of the lower limb,
aiming to distill the wealth of evidence surrounding their
efficacy, safety, and comparative outcomes. Through a
meticulous synthesis of diverse studies encompassing
catheter-directed thrombolysis (CDT), pharmacom-
echanical thrombectomy (PMT), mechanical thrombec-
tomy, and venous stenting, this review illuminates the
evolving landscape of DVT management and provides
valuable insights for clinicians and researchers alike.

The amalgamation of evidence surrounding CDT
underscores its promising role in enhancing venous
patency and reducing the incidence of post-thrombotic
syndrome (PTS) in patients with acute or subacute DVT.
Noteworthy trials and systematic reviews highlight the
favorable outcomes associated with CDT, emphasiz-
ing its potential to mitigate long-term morbidity while
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acknowledging the need for careful patient selection and
risk assessment to balance benefits against bleeding risks.

In exploring pharmacomechanical thrombectomy
(PMT) and mechanical thrombectomy devices, this
review unveils a nuanced perspective on their efficacy
and safety profiles. Studies investigating diverse mechan-
ical thrombectomy approaches shed light on their imme-
diate and long-term benefits, while underscoring the
importance of individualized patient-centered care and
continued refinement of treatment strategies.

Venous stenting emerges as a crucial adjunctive ther-
apy in the management of acute iliofemoral DVT, par-
ticularly in cases of residual venous obstruction (RVO)
post-thrombolysis and balloon angioplasty. However,
the evidence surrounding its efficacy remains nuanced,
necessitating further research to establish optimal patient
selection criteria and long-term outcomes.

Timing and selection of endovascular interventions for
DVT remain a crucial issue in the management of these
patients and need to be individualized and multidiscipli-
nary approached. While existing recommendations pro-
vide valuable guidance, the review underscores the need
for further well-designed research to address existing
gaps and refine treatment paradigms effectively.

In conclusion, this systematic review offers a compre-
hensive synthesis of the current evidence and the future
prospective on endovascular interventions for acute
lower limb DVT, providing clinicians and researchers
with valuable insights to inform evidence-based deci-
sion-making and shape future research directions in this
dynamic field.
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