Received: 6 September 2020

Accepted: 23 November 2020

DOI: 10.1111/jth.15197

REVIEW ARTICLE

Postinterventional antithrombotic management after
venous stenting of the iliofemoral tract in acute and chronic
thrombosis: A systematic review

Pascale Notten?

1Department of Vascular Surgery,
Maastricht University Medical Centre,
Maastricht, The Netherlands

2School for Cardiovascular Diseases,
CARIM, Cardiovascular Research Institute
Maastricht, Maastricht University Medical
Centre, Maastricht, The Netherlands

3Laboratory of Clinical Thrombosis and
Hemostasis, Maastricht University,
Maastricht, The Netherlands

“Thrombosis Expertise Centre, Heart
Vascular Centre, Maastricht University
Medical Centre, Maastricht, The
Netherlands

Correspondence

Arina J. ten Cate-Hoek, Thrombosis
Expertise Centre, Heart Vascular Centre,
Maastricht University Medical Centre, P.
Debyelaan 25, 6229 HX Maastricht, The
Netherlands.

Email: arina.cate@mumc.nl

1 | INTRODUCTION

Over time, venous stent placement has become a more commonly
used treatment modality for symptomatic central venous obstruc-

tions. Stenting is applied in the acute thrombotic phase in addition
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Abstract

Venous stenting has become a common treatment option for central deep venous
outflow obstructions and postthrombotic syndrome. Following successful recanali-
zation and stenting, stent patency is endangered by in-stent thrombosis and recur-
rent venous thromboembolism. Antithrombotic therapy might reduce patency loss.
This systematic review summarizes the literature on antithrombotic therapy follow-
ing (post)thrombotic venous stenting. A systematic PubMed, MEDLINE, EMBASE,
and Cochrane search was performed for studies addressing antithrombotic therapy
prescribed following venous stenting of the iliofemoral tract indicated by acute or
chronic thrombotic pathology. A total of 277 articles was identified of which 64 (56
original studies) were selected. Overall, a mean primary patency rate of 82.3% was
seen 1 year after the intervention, which decreased to 73.3% after 2 years. In the ma-
jority (43 of 56 studies, 77%), treatment was based on use of vitamin K antagonists,
either with (18%) or without (59%) use of antiplatelet drugs. Only two studies (4%)
directly assessed the effect of antithrombotic therapy on treatment outcomes. The
impact of postinterventional antithrombotic therapy on stent patency remains un-
known because of limited and insufficient data available in current literature. Further
clinical research should more clearly address the role of antithrombotic therapy for

preservation of long-term patency following venous stenting.
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antithrombotic agents, deep vein thrombosis, postthrombotic syndrome, venous stenting,
vascular patency

to thrombus removal (eg, following catheter-directed thromboly-
sis [CDT] in acute iliofemoral deep vein thrombosis [IFDVT]) to
alleviate symptomatology, restore and preserve patency, and
in an attempt to prevent the postthrombotic syndrome (PTS).

Furthermore, stenting is used in the treatment of existing chronic
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venous pathology associated with venous hypertension in patients
with PTS or nonthrombotic venous obstructions. Unfortunately,
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in-stent thrombosis (IST) is a frequent and clinically important
complication.® IST may induce recurrence of symptoms and com-
plaints that, as a result, necessitate reinterventions. Therefore,
preservation of venous patency after a successful venous stent
placement is important.

Many factors (eg, venous flow, stent characteristics, stent local-
ization) may affect venous patency following stent placement and
thus the risk of adverse outcomes. The role of periprocedural anti-
thrombotic management in the preservation of stent patency and
prevention of PTS is not clearly defined. Current international guide-
lines provide no specific recommendations with regard to postin-
terventional antithrombotic management.4 The increased use and
expanding possibilities of venous stent placement combined with
the introduction of novel anticoagulant treatment options resulted
in a large variety of postinterventional antithrombotic treatment
regimens.” A previous systematic review concluded that none of
these treatment regimens are evidence-based because of a lack of
relevant studies on this subject.6 Given the increasing use of venous
stenting as a treatment modality for (post)thrombotic venous ob-
structions and the more frequent application of direct oral antico-
agulants (DOAC) we set out to perform an up-to-date analysis to
assess the available evidence on postinterventional antithrombotic
management after venous stenting of the (post)thrombotic iliofem-

oral tract.

2 | METHODS
2.1 | Study selection

Before the literature search, the research question was formu-
lated using the PICO format. Inclusion criteria for eligible studies
were specified and documented in a protocol that was registered
at the International Prospective Register of Systematic Reviews
(PROSPERO, protocol number: 147 539).

The primary objective for this review is to assess and summarize
the antithrombotic treatment regimens prescribed (including agent,
dosing, intensity, and duration) in patients receiving venous stent
placement of the iliofemoral tract following deep vein thrombosis
(DVT).

Treatment indications could be either acute IFDVT or chronic
postthrombotic lesions. Treatment combinations with com-

plementary procedures (eg, CDT, percutaneous mechanical
thrombectomy, percutaneous transluminal balloon angioplasty, en-
dophlebectomy, creation of an arteriovenous fistula) were permit-
ted. Postinterventional antithrombotic treatment could be based
on the use of anticoagulants (vitamin K antagonists [VKA], DOAC,
unfractionated heparin, low molecular weight heparin [LMWH)], and
fondaparinux), antiplatelet drugs (cyclooxygenase inhibitors and
ADP-receptor antagonists), or a combination of both. Only orig-
inal articles reporting postinterventional antithrombotic therapy
were eligible. There were no restrictions regarding the duration of

follow-up.

Essentials

e Venous stenting has become a more common treatment
for (thrombotic) venous outflow obstructions.

e Despite its presumed importance, evidence on post-
procedural antithrombotic management is lacking.

e Consistent and comparable reporting of treatment out-
comes is scant yet suggests a beneficial effect.

e In order to formulate evidence-based recommendations

there is an urgent need for clinical trials.

The outcome of interest was the postinterventional antithrom-
botic treatment regimen prescribed in patients receiving venous
stenting. Furthermore, patency rates and the occurrence of recur-
rent deep vein thrombosis (reDVT), pulmonary embolism (PE), IST,
major bleeding, and PTS during follow-up were assessed. Different
definitions for these outcomes could be applied in the respective
studies.

2.2 | Data sources and searches

The final search was performed in week 14 of 2020 (31 March) using
PubMed, MEDLINE, EMBASE, and Cochrane databases. We used
the search terms as presented in a previously published systematic
review by our group® because modification of the search by adding
alternative search terms did not influence the search results. The
search was limited to English articles that were available in full text.
No restrictions regarding publication date were imposed. The exact
search strategy can be found in Supplementary Information. The
first selection of search results was performed by one researcher
(P.N.) assessing title and abstract for relevance in relation to the re-
search question. Subsequently, a full appraisal of the selected publi-
cations and hand search of the reference lists was performed by two
researchers independently (P.N. and A.t.C.H.). Decisions regarding
eligibility needed to be unanimous and reasons for exclusion were

registered.

2.3 | Data extraction and quality assessment

A prespecified form was used to record data regarding study eli-
gibility, study design, study characteristics, and relevant study
outcomes. Data extraction was performed by a single researcher
(P.N.) and checked for accuracy by a second researcher (A.t.C.H.).
Furthermore, quality assessment of the selected publications was
performed by two researchers independently (A.t.C.H. and P.N.).
Randomized controlled trials were assessed using the Cochrane
risk-of-bias tool.” For the assessment of nonrandomized studies, a

previously adapted version of the Newcastle-Ottawa Scale®? was
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Articles identified through

database searching
(n=251)

Additional articles identified
through hand-searching
(n =26)

\ 4

Articles included in the title
and abstract review
(n=277)

v

Articles excluded
(n=212) »

Reasons for exclusion:

-No venous stenting (n = 31}
-No iliofemoral stenting (n = 96}
-No prior DVT {n = 8}

-No mention of post-procedural
anticoagulant management {(n = 5)
-No assessment of outcomes of
interest (n = 12)

-No RCT/cross-sectional study/cchort
study/case-control study/case
series/case report (n = 57)

-Not in humans (n = 3)

Full-text articles reviewed
(n=65)

Articles excluded

Reasans for exclusion:

-Article not available {(n = 1)
-Multiple reports on same study
population (n = 8)

(n=9)

Articles included
(n =56)

FIGURE 1 PRISMA flow chart: Summary of evidence search and selection. DVT, deep vein thrombosis; RCT, randomized controlled trial

used.® To meet the specific needs of this review, it included a se-
lection of five relevant qualitative study features of which each
item can be graded 1 point, leading to a maximum total score of 5 (

Supplementary Information).

2.4 | Data analysis

Treatment indications as well as study outcomes were classified
and reported using a wide range of definitions. Moreover, outcomes
were rarely specified for patients receiving venous stenting of the
(post)thrombotic iliofemoral tract. Because of the lack of compara-
ble data in the selected publications, a comparative meta-analysis
could not be performed. Available data regarding the outcomes were
tabulated and a systematic analysis was provided. Outcomes were

clustered for publications specifically aimed at intervention during

the acute phase and publications that (also) included interventions

performed for chronic pathology.

3 | RESULTS
3.1 | Searchresults

A total of 277 articles was identified in our search of the PubMed
(n = 236), MEDLINE (n = 1), EMBASE (n = 5), and Cochrane data-
bases (n = 9) in combination with articles identified by hand search-
ing of the reference lists (n = 26). Appraisal of title and abstract
resulted in a first selection of 65 articles. Subsequently, an extensive
full content review of these articles was performed that resulted in
the selection of 64 articles that were derived from 56 original stud-

ies relevant for this review (Figure 1).
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3.2 | General aspects of the studies

The selected studies included six randomized controlled trials (11
publications®%'%), 32 cohort studies (35 publications; eight pro-

Spective3,20-26 27-53) 54-61

and 27 retrospective , eight case series,
and 10 case reports.?7* These studies included a total of 5153
patients, of which 3235 (62.8%) were stented. In 26 of 56 studies
(46%), the complete study population was stented. The study pop-
ulation in 43 of the 56 studies (77%) consisted exclusively of pa-
tients with a (history of) DVT: 30 studies (36 publications) of which
reported on interventions performed during the acute phase, 12
(12 publications) on treatment of chronic (postthrombotic) pathol-
ogy and obstructions, and one (one publication) entailed a com-
bined study population with acute and/or chronic postthrombotic
sequelae. The remaining 13 studies (23%) reported on stenting for
thrombotic as well as nonthrombotic indications such as iliac vein
compression syndrome. A summary of the selected publications is
shown in Table 1.

23,53 With an overall

Patients’ age ranged from 13 to 96 years,
median age of 48 years (43-53). With the exception of the random-
ized trials, study populations were predominantly female: 35 of 56
studies (63%). The prevalence of important prothrombotic risk fac-
tors was assessed in various studies: 37 studies (66%) reported on
hypercoagulability, 19 studies (34%) on active malignancies, and 30
studies (54%) on underlying deep venous pathology such as iliac vein

compression syndromes.

3.3 | Quality assessment

Quality assessment was performed on all selected studies with
the exception of case series and case reports (Supplementary
Information). Using the Cochrane risk-of-bias tool for randomized
trials (2.07), three randomized trials were considered to have a high
risk of bias.**'%Y The maximum score of 5 points on the modi-
fied Newcastle-Ottawa scale was awarded to seven cohort stud-

,3,20,23,32,43,48,50 4452 \were awarded with the

ies and two studies
lowest score of 2 points. In five studies,?>2%%74>3L the studied cohort
was considered a true representative for patients receiving (post)
thrombotic iliofemoral stent placement. Additional selection criteria
were used in another five studies.?333%4452 A follow-up time of >
24 months was seen in 15 studies®20-22:23:26.29,32,33,35,38,43,46-48,50

with reported losses to follow-up ranging from 0.0% to 34.4%.%8

4 | OUTCOMES
4.1 | Antithrombotic management

All studies performed treatment of acute or chronic throm-

botic iliofemoral venous obstructions using venous stent

placement (including adjunctive procedures) and all studies

provided information on the postinterventional antithrom-botic

therapy prescribed (Table 1). Details on preinterventional and
provided
and 46

respectively.

peri-interventional antithrombotic treatment were
in 28  (50%)2310-19.26,31,35-37,43,45,51,54,55,57,59,60,62,64-71

(82%)2,3,10-28,30-32,34-36,41-47,50-61,63-65,67,69-71 studies,

Information about eventual (dis)continuation of existing antithrom-
botic therapy during the intervention was provided in 19 studies
(349),2:3:10-16.18,19,24,26,27,30,43,51,63-65,67-70

A broad variety of postinterventional antithrombotic treatment
regimens was reported in the selected studies. This variation applied
to antithrombotic drug of choice as well as to prescribed dosage and
treatment duration. However, full details on the postinterventional
antithrombotic regimen including type of antithrombotic agent, dos-
age, frequency, treatment intensity, treatment duration, and eventual
indications for adjustments were rarely reported (Table 2). Full-dose
anticoagulant treatment based on VKA or DOAC was prescribed in
33 studies (59%),2-31013.16-22,24,26-28,33,35-39,44,46-50,52,54-56,58,61-63,66,71
Generally, VKA in the acute phase was initiated with concurrent
use of LMWH for a limited number of days or until the interna-
tional normalized ratio was stabilized at an intensity of 2.0 to 3.0.
Predominantly, treatment was continued for a minimum of 6 months
with alternative durations of treatment in case of hypercoagulability,
recurrent venous thromboembolic events (reVTE), postthrombotic
lesions, stenting, or preexisting indications for antithrombotic treat-
ment.2%:21,35.38:44.47.54 o comitant or subsequent use of antiplatelet

drugs was prescribed in another 10 studies (18%),141°40:43:45.57.59.60,

646569 stent placement being the principal reason for additional an-
tiplatelet therapy. There was only one study*! (2%) that prescribed
antiplatelet drugs as single postinterventional antithrombotic treat-
ment in (post)thrombotic patients. However, if antithrombotic treat-
ment with VKA was indicated before the intervention, which was
the case in 95.5% of the population, it was continued accordingly.
In six additional studies (11%),23234515368 yarious treatments or
treatment combinations were prescribed depending on the com-
plexity of the lesion or the extensiveness of the procedure (eg, mere
stent placement or with adjunctive procedures), the location and the
extent of the affected trajectory, documented hypercoagulability,
or preexisting indications for anticoagulation. Antithrombotic treat-
ment consisted of LMWH followed by antiplatelet drugs or DOAC in
six studies (11%)%3:2>30:3142,67.70 \yith VKA only prescribed in case of
hypercoagulability, recurrent or unprovoked thrombosis, extensive
stenting, or preinterventional use.23:25,30:31,42

Only two studies directly assessed the impact of different
postinterventional antithrombotic management regimens following
iliofemoral venous stent placement on postinterventional clinical
outcomes.>?® The first study,?® a prospective cohort study in pa-
tients with acute IFDVT treated with CDT and stenting, found that
treatment with rivaroxaban (n = 73) or VKA (n = 38) for a minimum
of 3 months following the intervention was equally effective in pre-
serving stent patency at 24 months. A total of 15 reVTE occurred:
one PE (1.4%) and seven IST (9.6%) in the rivaroxaban-group vs one
contralateral DVT (2.6%) and six IST (15.8%) in the VKA group. Five
of these IST developed within 30 days of the procedure (three in
the rivaroxaban group vs two in the VKA group, P = .78); the other
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TABLE 2 Postinterventional antithrombotic regimens

Publication

Population

Intervention:
Postinterventional
Antithrombotic Therapy

Full-dose anticoagulant treatment (VKA or DOAC)

Randomized controlled trials

Enden,
2012%°

Cakir, 2014%¢

Zhang,
2014Y

Vedantham,
20178

Notten,
20207

Acute DVT

Acute DVT

Subacute DVT
(<4 wk)

Acute DVT

Acute DVT

Cohort study, prospective

AbuRahma,
2001%°

Grommes,
2011%

Manninen,
2012%

Srinivas,
2014%

Sebastian,
2018%

Notten,
2020°

Acute DVT

Acute DVT

Acute DVT

Subacute DVT
(1-8 wk)

Acute DVT

Obstruction,
acute or
chronic

Cohort study, retrospective

O'Sullivan
2000%

Kolbel,
200728

Chronic
obstruction

Acute DVT

VKA (target INR 2.0-3.0),
treatment duration 26 mo

VKA (target INR 2.5-3.0),
treatment duration not
specified

VKA (target INR 2.0-3.0),
treatment duration not
specified

Use of NSAIDs and antiplatelets
was discouraged

VKA, treatment duration 23 mo

VKA (target INR 2.0-3.0),
treatment duration 23 mo
(82.2% of population) or
DOAC (11.8% of population:
rivaroxaban, apixaban, or
dabigatran) or LMWH (0.7% of
population)

VKA (target INR 2.0-3.0),
treatment duration 26 mo?

VKA (target INR 2.0-3.0),
treatment duration 23 mo?

VKA, treatment duration 6 mo

VKA, treatment duration 6 mo

o Additionally, patients in the
standard treatment group
received continuous infusion
of UFH IV for the first 48 h
followed by bolus injections
of UFH IV (every 6 h) or
LMWH.

VKA (target INR 2.0-3.0)
in 34.2% of population or
Rivaroxaban in 65.8% of
population, treatment duration
3 mo
VKA (target INR 2.0-3.5 or 2.5-
4.0), treatment duration 26 mo
e Additionally, patients
without pre-interventional
antithrombotic treatment
received 5000 IU of UFH at
the start of intervention.

VKA (target INR 2.0-3.0),
treatment duration 26 mo

VKA (target INR 2.0-3.0),
treatment duration 26 mo

(Continues)

TABLE 2

Publication

Kolbel,
2009%

Baekgaard,
2010%

Jeon, 2010%

Rosales,
2010%8

Titus,
2010%°

Liu, 201444
Sang, 20144
Ye, 2014%

Catarinella,
20154

Shi, 2016*°

Dumantepe,
2018%2

Case series

Acharya,
2005>*

Dayal,
2005°°

Husmann,
2007°¢

Oguzkurt,
20118

Ming, 2017%*

Case reports

Kapranov,
200342

Oguzkurt,
2008%°

Wormald,
AN

Barge,
20207

(Continued)

Population

Chronic
obstruction

Acute DVT

Acute DVT

Chronic
obstruction

Chronic
obstruction

Chronic
obstruction

PTS

Chronic
obstruction

Chronic
obstruction

Chronic
obstruction

Subacute DVT
(<1 mo)

Subacute DVT
(<3 wk <6 wk
postpartum)

Obstruction,
acute or
chronic

Acute DVT

Acute DVT

Acute DVT

PTS

Acute DVT

Acute DVT

Acute DVT

Intervention:
Postinterventional
Antithrombotic Therapy

VKA (target INR 2.0-3.0),
treatment duration 26 mo

VKA (target INR 2.0-3.0),
treatment duration 26 mo?®

VKA (target INR 2.0-3.0),
treatment duration 26 mo

VKA (target INR 2.0-3.0),
treatment duration 26 mo®

VKA (target INR 2.0-3.0)
or LMWH, treatment
duration 26 mo

VKA (target INR 2.0-3.0),
treatment duration 26 mo?®

VKA (target INR 2.0-2.5),
treatment duration 26 mo

VKA (target INR 2.0-3.0),
treatment duration 26 mo®

VKA (target INR 2.5-3.5),
treatment duration 26 mo

VKA (target INR 2.0-3.0),
treatment duration 6 mo

Rivaroxaban (15 mg 2 q.d. for
3 wk, followed by 20 mg 1
each day for 3-6 mo)

VKA, treatment duration 12

mo?

Long-term systemic
anticoagulant treatment. No
further specification

VKA (target INR 2.0-3.0),
treatment duration 6 mo

VKA, treatment duration 6 mo

VKA (target INR 2.0-3.0),
treatment duration 6 mo

VKA, treatment duration not
specified

VKA, treatment duration 6 mo

VKA, treatment duration 6 mo

VKA (target INR 2.0-3.0) for
6 mo followed by apixaban
(5 mg 2 each day) for another
6 mo.

Full-dose anticoagulant treatment (VKA or DOAC) in combination
with or followed by APT

(Continues)
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TABLE 2 (Continued)

Publication Population
Randomized controlled trials

Sharifi, Acute DVT
2012

Cohort study, retrospective

Wahlgren, Chronic
2010%° obstruction

Stanley, Obstruction,
20134 acute or

chronic

Park, 2014**  Acute DVT

Case series

Murphy, Acute DVT
2009°7

Bloom, Acute DVT
2015%

Langwieser, Chronic
2016°° obstruction

Case report

Intervention:
Postinterventional
Antithrombotic Therapy

VKA (target INR 2.0-3.0),
treatment duration not
specified

e Inthe CDT group (49.7%

of population) LMWH

was stopped as soon as
therapeutic INR was reached
(no minimum concurrent
use of 5 d). Additionally,
aspirin (81 mg 1 each day)
was prescribed for 26 mo.

If the femoropopliteal vein
segments were stented

2-4 wk of clopidogrel (75 mg
1 each day) were added.

VKA (target INR 2.0-3.0),
treatment duration 26 mo
o Additionally, aspirin (7 5 mg 1
each day) for 1 mo in stented
patients (32% of population).

VKA (target INR 2.0-3.0)
OR LMWH, treatment
duration 26 mo
e Thereafter, antiplatelet
therapy was indicated for life
in stented patients (65% of
population).

VKA (target INR 2.0-3.0)
for 23 mo followed by 3-6 mo
of antiplatelets (aspirin or
clopidogrel)

VKA (target INR 2.0-3.0)
for 26 mo and aspirin
indefinitely

VKA (target INR 2.0-3.0),
treatment duration not
specified

e Stented patients (72.7%

of population) received
additional aspirin for 3 mo.

Rivaroxaban (20 mg 1 each day)
and clopidogrel (75 mg once
a day or once every other
day) for 6 mo. After 6 mo,
clopidogrel was stopped.
Rivaroxaban was continued
in 33% of the population,
switched to acetylsalicylic
acid in 33% of the population,
and stopped in 33% of the
population.

(Continues)

jth-17
TABLE 2 (Continued)

Intervention:
Postinterventional

Publication Population Antithrombotic Therapy
Salam, Acute DVT VKA (target INR 2.0-3.0) for
2010%* 3 mo followed by aspirin for
life
Sharifi, Acute DVT VKA (target INR 2.0-3.0),
2010%° aspirin (81 mg 1 each day), and
2 wk of clopidogrel (75 mg 1
each day)
Lakha, Acute DVT Rivaroxaban and aspirin
2018%°
APT

Cohort study, retrospective

Nayak, PTS
20124

Aspirin (81 mg 1 each day
indefinitely) after discharge.
e VKA, if indicated before
intervention, was continued
accordingly (95.5% of the
population)

Mixed or various treatments (between or within groups)
Cohort study, retrospective

Knipp, Chronic
2007%° obstruction

VKA (72.4% of population) with
variable treatment durations
or 26 wk of antiplatelets
(19.0% of population: aspirin,
clopidogrel, or both)

Chronic
obstruction

Hartung,
2009*

VKA, treatment duration 6 mo

e During the study adjustments
were made: LMWH for 15 d
and 212 mo of antiplatelets
in MTS patients (41.6%
of the population) versus
VKA 212 mo for patients
with complex lesions (ie,
postthrombotic or mainly
recanalization; 58.4% of the

population)
Raju, 2009°*  Chronic

obstruction

Aspirin or VKA (in case of

thrombophilia)

e Later during the study
prescribed treatment
changed into peri-
interventional dalteparin
(2500 IU) and prophylactic
dosage of fondaparinux
sodium for 4-6 wk.
Therapeutic dosage
combined with long-term
VKA was indicated if
recanalization comprised >3
vein segments, suprarenal
stent placement,
thrombophilia, or in case of
other indications for long-
term anticoagulants

(Continues)
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TABLE 2 (Continued)

Intervention:
Postinterventional

Publication Population Antithrombotic Therapy
Comerota, Chronic VKA (target INR 2.0-3.0) and
2019 obstruction aspirin (81 mg 1 each day). for

life with clopidogrel (75 mg 1
each day) for 8 wk. In case of
a prosthetic graft placement,
cilostazol (100 mg 2 each day)
was also indicated for life.

e In the last 14 patients
(45.2% of the population),
continuous infusion of
UFH (600-700 1U/h) was
administered the first 5 days
following the intervention.
Intensity for VKA treatment
was increased to a target
INR of 3.0-4.0 for the first
6-12 mo, thereafter to
be reduced to 2.0-3.0 or
converted to treatment with

a DOAC.
Endo, Obstruction, VKA, LMWH, DOAC, or
2018°% acute or antiplatelets. No further
chronic specification
Case report
Kohler, PTS Rivaroxaban (15 mg 2 q.d.) with
20188 clopidogrel (75 mg 1 each day

and a loading dose of 600 mg).

e Treatment was changed
several times due to
recurrent in-stent-
thromboses: UFH IV with
clopidogrel, dabigatran with
clopidogrel, dabigatran
and prasugrel, and
ultimately prasugrel with
phenprocoumon.

Heparin followed by APT and/or DOAC
Cohort study, prospective

Raju, 2014%° Chronic LMWH for up to 6 wk followed
obstruction by long-term aspirin.

e If VKA was indicated
prior to intervention (eg,
thrombophilia, recurrent
thrombosis, unprovoked
thrombosis), this was
continued thereafter
accordingly.

(Continues)

TABLE 2 (Continued)

Intervention:
Postinterventional

Publication Population Antithrombotic Therapy
Sarici, PTS Continuous infusion of UFH
2014%° IV was given the first day

following the intervention.
Then clopidogrel (2 mo)
and aspirin (indefinite) were
prescribed.

e Patients with thrombophilia
(40.4% of the population)
received VKA (target INR
2.0-3.0) for life.

Cohort study, retrospective

Neglén, Chronic Dalteparin (2 gifts) and
2007%° obstruction ketorolac (1 gift) during
admission. Aspirin
(indefinitely) after discharge.
o If VKA was indicated

before intervention (eg,

thrombophilia, recurrent

thrombosis), this was
continued accordingly.

a. During the observation of
the extended cohort, the
dosage of dalteparin was
changed into 5000 IU 2
each day during the first
36-48 postinterventional
hours; ketorolac was
administered during
the recanalization
and continued at 8-h
intervals until discharge,
aspirin in patients with
concomitant VKA was
dosed 81 mg twice
weekly; eventual VKA
use was discontinued 2 d
before the intervention
until the day of the
intervention and it was (re)
installed in patients with
thrombophilia, recurrent
VTE, or other preexisting
indications; patients with
homocystinemia were
treated with aspirin,
vitamin B6, and folate

therapy.
Blanch, Chronic Two gifts of LMWH following
20134 obstruction the intervention and indefinite
use of aspirin (100 mg 1 each
day).

e VKA were indicated in case
of thrombophilia, extensive
stenting (23 vein segments),
or a preinterventional
indication for anticoagulation
(80.6% of the population).

(Continues)
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TABLE 2 (Continued)

Intervention:
Postinterventional

Publication Population Antithrombotic Therapy

Case report

Singh, Acute DVT UFH IV followed by apixaban (5
2017¢ mg 2 each day)

Rohr, 20197° Acute DVT LMWH was converted to

treatment with apixaban (5
mg 2 each day) for 9 mo and
aspirin (325 mg 1 each day)
for life.

Abbreviations: APT, antiplatelet therapy; CDT, catheter-directed
thrombolysis; DVT, deep vein thrombosis; DOAC, direct oral
anticoagulants; INR, international normalized ratio; 1U, international
units; 1V, intravenous; LMWH, low molecular weight heparin; MTS,
May-Thurner syndrome; NSAID, nonsteroidal anti-inflammatory
drugs; PE, pulmonary embolism; PTS, postthrombotic syndrome; UFH,
unfractionated heparin; VKA, vitamin K antagonist.

#Alternative treatment durations were specified for patients with
hypercoagulability,2°'35'38'47 recurrent venous thromboembolic
events,zo'35 idiopathic venous thromboembolic events,21 stent
placement,?%°* treatment of postthrombotic lesions,** or in case of
individually tailored treatments.%®

eight occurred after more than 30 days (four events in both groups,
P =.33). There was no difference in the occurrence of major bleeding
(one in each group, P = .64) or the number of patients free from PTS
at the last follow-up visit (57 [85%] vs 29 [88%], P = .76). The second
study® was a cohort study of patients stented for thrombotic (acute
or chronic) or nonthrombotic obstructions of the cavo-iliofemoral
venous tract and identified the time within therapeutic range (TTR),
an indicative measure of the quality of antithrombotic treatment
with VKA, as an important determinant for the development of IST.
An increased risk was seen if the TTR was less than the cutoff value
of 49.9%, which could further be specified for patients treated with
stenting during the acute phase of thrombosis (cutoff value 69.4%)
or for chronic postthrombotic sequelae (cutoff value 45.9%). IST
developed in 16 of the 74 (21.6%) patients stented for thrombotic
pathology of which four received stenting during the acute phase.
No reDVT or PE was seen.

4.2 | Patency rates

Patency rates were reported in 40 studies (71%) (Table 3). Multiple
definitions for patency were used (eg, primary patency, assisted pri-
mary patency, secondary patency, a maximum percentage of resid-
ual stenosis, a combination with the absence of reflux) and variable
durations of follow-up were reported. Results were often not speci-
fied for patients with thrombotic (acute or chronic) or nonthrom-
botic treatment indications.

Nineteen studies (349%)16:20:22,24,26,28,35,37,45,52,56,57,59,63,65-67,70,71
included only patients who received an intervention for acute

DVT. Five studies?428:374556 reported patency using the definitions

jﬂ.' | 781

primary patency, assisted primary patency, and/or secondary pa-
tency. Results were specified for stented patients in four stud-

ies,26'37'45'56

of which three reported on stenting for acute DVT
associated with underlying May-Thurner syndrome.3”*>%¢ |n the
stented patients of these four studies, with a follow-up duration be-
tween 12 and 22 months, the mean primary patency was 82% (stan-
dard deviation [SD] 6.6), ranging from 72%2° to 90%2% the mean
assisted primary patency was 89% (SD 1.7), ranging from 87%2%4° to
91%2%%; and the mean secondary patency was 93% (SD 3.1), ranging
from 89%*> to 97%.26 Postinterventional antithrombotic treatment
with either 3 months of DOAC or 3 months of VKA did not impact
patency rates differently (P > .10).%¢ The study that did not specify
results for stented patients reported an overall primary patency of
77.3%, assisted primary patency of 86.4%, and a secondary patency
of 88.6% 16 months after an intervention for acute IFDVT.2

In the study by AbuRahma et al?® patency was defined as a <30%
residual stenosis. A significant difference between standard treat-
ment and additional multimodality treatment (including CDT, per-
cutaneous transluminal balloon angioplasty, and/or stenting) was
reported after 1 month, 3 months, 1 year, 3 years, and 5 years. It was
not specified whether patients were stented for thrombotic or other
indications. Another study®? used a cutoff value of <50% restenosis
to define patency. At 1 year, they reported a patency rate of 90.7%
in patients with a subacute (complaints for less than 1 month) DVT.
Baekgaard et al used a definition for patency which included the ab-
sence of reflux. The analysis of the first 45 patients included in the
cohort showed a patency rate of 100% at 2 years of follow-up.
After extension of the cohort and the follow-up duration to 6 years,
patency was seen in 82% of patients.35

Cakir et al*® differentiated between completely patent, partially
patent, and thrombosed. They found a significantly higher complete
patency rate in patients randomized to additional percutaneous as-
piration thrombectomy compared with standard treatment alone
following acute iliofemoral-popliteal DVT at 1 month, at 3 months,
and at 1 year (all P < .001). Specified for stented patients, complete
patency was seen in 71.4%.

Vein segments were classified as either patent or occluded in four
studies.??245757 Manninen et al?? found 87% of vein segments to be
patent 3 years after an intervention. Srinivas et al** compared addi-
tional CDT to standard treatment alone in subacute DVT and found
a significant difference at 6 months: 80.0% versus 26.9%, P < .01.
Specifically, patency was 100.0% in stented patients with accompa-
nying May-Thurner syndrome®” and 87.5% in patients stented after
an acute IFDVT during pregnancy or the first 6 weeks postpartum.®’

63,65,70,71

All six case reports reported patent stents or stents without

(residual) signs of DVT.%¢%”

Another 21 studies23:2527.29-34,38-40,42-44,46-50,53.60.62 ;1 | ded
a mixed case load with patients treated for thrombotic (acute or
chronic) or nonthrombotic venous pathology. Outcomes were
mostly reported as primary patency, assisted primary patency, and
secondary patency. Overall, the primary patency rates in these
studies had a mean of 82.5% (SD 12.7) and ranged from 61%*° to

100%%° 1 year after the intervention,?”2%:39:40:44:46:49,50,53,60 Atter



NOTTEN ET AL.

th

j

782

(senunuo)d)

(%5 °6) syuaijed
1vd Tg/ ui paoe|d
S493|13 ADI (%0°6T)

T2T/Y SN (%8'Y) T2/T :3d
(#71/0) auoN :sjuaned
pa3juais uj (%0) 12/0
'SA (%8'%) T2/T 'LAQRY

(%EvT) ¥T/C
sisoquioay |In4 (%€ ¥T) ¥T1/C sisoquioayy eipsed
(%¥°'T£) ¥1/0T 3uajed :ow ZT je sjuanjed pajusig

(TO0" > d) (%8°€2)

12/S 'SA (%8'%) T2/T Sisoquioayy [N} (% TL)

TZ/ST 'SA (%T°8€) T¢/8 slsoquio.yy |eryled
(%8'Y) TC/T "SA (%T°LS) TT/TT 3usied :ow ZT v

(%E 1) ¥T/T

sIsoquioay} [Ny (%€ ¥T) #T/¢ sisoquioayy [esed
{%°'TL) #T/0T 3ualed :ow ¢ je syuanjed pajuals

(T00" > d)

(%' TL) TT/ST 'SA (%8'1) TT/T Slsoquiodyy [|ny

(%9°82) T2/9 "SA (%1°8€) TZ/8 Slsoquio.y |el}led
(%0) T2/0 "SA (%T'£S) T2/TT 3udjed :ow g 3y

(%TL) ¥T/T

sisoquioay [Ny (%' TZ) ¥T/€ sisoquioayy [epied
(%P T£) 1/0T 3udled :ow T je sjuaijed pajualsg

(T00" > d)

(%2°9L) TZ/9T "SA (%8't) TT/T SIsoquiodyy ||ny

(%8°€2) TT/S 'SA (%1°8€) T¢/8 Sisoquiodyy |elyed

owegt pajiodal JoN pajiodal joN (%€ V1) ¥T/C ANLS 'SA 1vd (%0) T2/0 'SA (%6°19) TZ/ET 3uajed :ow T 3y
‘IquIoJy} pamoys
(%TT) T6/0T Y21ym jo
S49}|14 AD| PaAISII
dnou3 |A3d wouy
syuaned IV (%6'v)
‘100" >d 18/ "SA (%0) 88/0 :3d
(%9°62) 18/¥7C 20" =d (%0'91) 18/€T
'SA (%8°9) 88/9 'SA (%G°¥) 88/%7 ‘LAY
O0W 0€ L.ANLS 'SA IA3d pajiodatjoN (%L€) LT/T ANLS 'SAIA3d pajiodai joN
(6£2-2°0)
%YV 71T 44V
(%9°5S) 66/55
SA (%T'TY) 06/L€ (ST/0) 3UON :3d
ow ¢ s ANLS 'SA 1dD (%9°T) 68T/¢ pajlodal joN (%8'¥7T) 68T/8C ‘LAY pajiodai joN
n4d Sid Sulpas|g 1Sl JLA3Y (wia) pue %) Adusjed
Jolen
SawWo02INQ

1AQ4l 3oy or7T0T eD

(0aadyol)
LAQ3IY  ,.ZT0T ‘Bleys

or(LUdAeD)
LAQ 91y ZTOT ‘uspul

S|eld} pa[|0J3u0d paziwopuey

uonestpuj uonedl|qnd
juawiieal)

sswodN0 € 3714VL



783

J

NOTTEN ET AL.

(senunuo))

(€/0) duoN :3d
(€/0)
SUON :sjudijed pajuals

pajiodau joN

EC A pajiodal joN (€/0) suoN (€/0) suoN U] (%0€) ET/¥ :3LASY
pssn (TO" > d) %69 "SA %8T A G Iv-
S493113 ADI ON “(%0) (TO > d) %69 "SA %81 ‘A € Iv-
(%T'11) 8T/C 81/0 'SA (%1°9) €€/C :Ad (TO" > d) %E8 'SA %¥C A T IV-
SA(%T°9) (%1'11)8T/C (TO0" > d) %E8 "SA %¥C ‘oW 9 Iv-
LOW €€/ 1NN ‘SA(%1°9) €€/T LAY (TOO" > d) %E8 "SA %E 0W T 3v-
TG 'SA (OW €9 pajJodal 10N 'SAANLS pajlodal joN ILTNIN 'SA ANLS JLININ SAANLS
(%L°2)
GL/T SN (%0) ££/0 *3d-
s (%0v¥) SL/€€ (%L°9)SL/S
SA(%9°TY) LL/2E SA(%S°9) ££/S ‘LAQRY-
‘PoylsW H1SlI- (%0) 'sjusnjed
+ (%L YE) SL/9T GL/0 "SA (9 'sA pT) OT Ul sjuand
"SA(%9°8T) LL/TT (%T'S) LL/Y (2SN LT) pT (LSI 10
‘24035 [euI3O- aNLs ‘3d ‘LAQ®4) ILAY
QoW T ANLS 'sA 1dd 'SA1dd (%9'ST) LL/TT ANLS 'sA 1dd pajiodal joN
(%€°0)
GGE/T 'SA
(%8°T)
LEE/9 P OT
ISd13 UM~
(%L°€) (%T'T) GGE/¥ 'SA (%8'T)
GGE/ET LEE/9 ‘P OT IS4 UIYHM-
“SA (%9°S) (%S°8) 55€/0€
LEE/6T ‘SN (%S°CT) LES/TY
(%C°8Y) GSE/TLT ‘[1843A0 ‘lledan0 (3d
‘SN (%9°9Y) 9EE/LST aNLS 10 1S ‘LAQ34) FLARY
ow ¢ s AN.LS 'SA 1dD 'SA 1dD pajiodal joN ANLS 'sA 1ad pajJodas JoN
siayly
ADI paAI923al sjuaijed
IV *(T8/0) ®UON :3d
(%1°2) 061/¥
SN (%9°T) 98T/€ 'LAQY
ow ¢ pajiodau joN (18/0) @UoN pajiodau JoN V1d +1dD 'sA1ddD pajiodau joN
nd S1d 3upas|g 18I JLAY (wia) pue %) Adusjed
Jofej
Sawod1nQ

1z110C

1AQ 210y ‘SaWWOoID)
0z100C

1AQ4l 3oy ‘ewiyeynqy

9A1329dsoud ‘salpn3s 310yoD

(VAVD)
1AQ4l 81ndy ,020T ‘Us110N
(LOVYLLY)
g1£10C
1AQ 2oy ‘weyjuepap
(Gim )
1AQ4l 9ndeqng 7102 ‘Sueyz
uonesipuj uonesliqnd
jJuswieas)

(penunuod) € 3749VL



NOTTEN ET AL.

th

j

784

(senunuo))

%6'€6 PUB ‘%6°€6 “%6°€6 *SONI-
"%T'E6 PUB ‘%T°€6 ‘%00T ‘LAQ 93NdY-
"%9°€6 ‘%9°€6 ‘%L6 (lIBIDAO-

ezt pajiodau JoN 3UON (%/°G) S€/C 9uUON :3d AT pue‘ow T ‘p T iedd
((%0°52)
ZT = udiuoayd
'SA (%0°62) ¥ = U
(%LT)vLiT 93Nde (%9°TZ)
:sjuaned £ /97 :sjuanjed
1AQ-¥sod uj 1AQ-¥sod uj (7£/0) 9uoN :3d
QoW 6€ papiodalloN  (%S°T) 6£/C (%€°02) 6£/9T (7£/0) ®uoN :LAGY pajiodal 10N
(%11)
8E/Y "SA (%S) EL/Y
WA SADVOQ
(%CL) TTT/8 @€~ (dnou3 %6
(%€) (%S) 8€/T 'sA Jv0Qa ‘%T) TTT/T :3d- 'SA %56 ‘%88 'SA %68 ‘%TL "SA %L8 0W HT Y-
8€/T 'SA (%1) (%) €L/€ I (dnoa3 w)A %6
%88 "SA €L/T WIA 'SA JVOQ (%S't) ‘%T) TTT/T :LAQ¥- "SA %L6 ‘%88 'SA %16 ‘%58 "SA %06 OW TT V-
%58 :S1d J0 93.4 'SAJV0Q TT1/S :Ale3- (%¥T) TTT/ST :(1SI :dS pue ‘dde ‘dd
OW 5 VA 'SADVOa (%2) TTT/C (%LTT) TTT/ET 410 ‘3d ‘LAQ) LAY WA 'SA DvOod
‘%06 -°sessip >._m_u_._0umm H
ow 9 pajiodal 0N pajiodau JoN (%9°6) 2S/S pajiodau jJoN %98 :9seasip Alewld J|
(%S°8T) dnous
1dD ?yj wouy mucw_uma
£T/S Ul pade|d siayji}
(%1°€L) 92/61 ADI(82/9) %¥' 1T
'SA (%0°02) §T/S ‘SA(L2/Y) %8'¥T 3d (%6'92) 92/L "SA (%0°08) §2/0T
ow 9 s ANLS 'SA 1AD (9/0) uoN pajJodal joN ANLS 'sA 1ad ANLS 'sA 1ad
%1 (P 0€<) 23e7-
%V ‘(P 0€>) Al1e3-
ow g pajiodaijoN  pspiodald joN (%L°€) LTT/8 1AQRY %E6 PUE %69 :dS PUe dd
(%6°8) G ul pade|d Jay14
-AD1(%8°T) 95/T Ad :3d
LOW 2P {%S°8) Lyv/v (%8'T)9S/T pajiodaljoN (%9°€) 95/T :LAAY (%L8) Ly/1¥ ‘A € v
n4 Sid Suipas|g 1Sl ETV.CE| (waa) pue %) Aousjed
Jolen
SawodiInQ

(SOAI)
uol3dnJisqo
oluoayd

120002
ns.0

aA13dadsou)al ‘salpnis 140yo)

(SDAI 4o (21uoayd
10 93n2e)

s130quwoayysod

‘|lesowajol]!

-0AED)
uol32NJI3SqO

1AQ4l 8oy

Sld

(im 8-T)
LAQ @1ndeqng
(oe1)
uo|32Nn43sqo
a1u0IyD)

1AQ4l 3oy

uonedipuj
juswieal)

(panunuo))

¢0Z0Z ‘U9HON

528102
‘ueryseqas

<zV10T ‘1d1eS

10T ‘SeAlulis

¢z710C ‘nley
22¢T0C
‘usujuueln

uoneslgnd

€ 374avl



785

J

NOTTEN ET AL.

(sanupuo?d)

pajiodau JoN

4OW 05

pajiodau JoN

pajiodau JoN

pajiodau JoN

pajiodau JoN

pajyiodau joN

(%0'T) TOT/T

(621/0) dUoN

(%E°€T) 0E/¥ paodai 10N

‘sjuaned
£ u1 padeyd Ja314-AD|
"(£S/0) duoN :3d
(%0°€) TOT/€ 9387~
(%0°2)
TOT/T (M T>) Alle3-
(%0°S) TOT/S :LAQSY-
(%6°S) TOT/9
(LSILAQ) LAY

(%0) TOT/0 1€~
(%0°'T) TOT/T

(Im T>) Alae3-

(%0°T) T0T/T

(%6°02)

6E1/6T P 0E 194V~
(%C°L) 6€T/0T

P OE UIYNM-

(%1°82) 6£1/6€ pajJodai JoN

%06 Pue %€°€8 1A T 3e dS pue dd

%28 ‘A 9 38 Xn|§24 InoyHM Adudied

%99 A ¥71e dS

qOW 6T pajodal JoN (%T°€) 29/T pajodal jJoN (%T°S) 66/€ ILAY %6/ PUB ‘%SG/ ‘%9 :dS Pue ‘dde ‘dd
(%t°€) 68/€ N4 8uung-
(%C°T) 68/T :|endsoy-u|-
(oW 8¢ pajiodasjoN  pajpiodadjoN pajJodal jJoN (%9°S) 68/S -3 LAY %E6 ‘%68 ‘%E8 ‘A QT Pue ¢ e dS pue ‘dde ‘dd
(%6°0)
786/6 (P 0€<) d3€7-
(%€°T) T86/€T (%£°0)
(p 0g<) 23e7- 286/L (P 0€>) Ajde3- ‘%98 PUe ‘%08 ‘%LS :LAQ-350d-
(%8°0) 286/8 (%9°T) 286/9T :LAQY- %00T PUe ‘%00T ‘%6£ “1AIN-
(P 0g>) Ae3- (%8'Y) 286/LY %E6 PUE ‘%68 ‘%9 ‘||eI9AO
OW ZZ pajiodaloN  (%Z°0) T86/C (%C°€) 286/1€ (1S140 LAQRY) ILASY 0w g/ e dS pue ‘dde ‘dd
%8'EL ‘%8BT ‘%L 8E A G IV-
%8°G8 ‘%L6L ‘%YL AT IV-
OW 0¢ pajiodau JoN (%2°T) T pajiodau joN pajiodau JoN :dS pue ‘dde ‘dd
‘SpJem.ualje paAaowal
9J9M ||\ "UOIIUBAI}UI
qou JO 1ue3s 24049q sjualjed
£T :[ed21u1D |le ul pajue|duwl s1a3|1y
qow ADI *(9€/0) duoN :3d (%9°88) ¥77/6€ Pue (%t°'98)
91 :Aduajed pajlodal JoN (%€°'8)9¢/€  (%¥'TT) squi| vi/S (%8°2) 9¢/T :LAQ?Y Y¥/8€ (%E'LL) Y¥/¥E 0w 9T 38 dS pue ‘dde ‘dd
nd Sid Suipas|g 18I EIV.CE| (wia) pue %) Aduareq
Jolen
SawodinQ

(SL
UHM) LAQ 23y

1AQ4l 3oy

(oroquiolyyysod)
uol3dnJisqo
oluoayd

(e
uol12NJ1sqo
J1uoIy)

(jeaedol))

uol12Nn41sqo
J1uoIyD)

(leaed
-0J0W?y)
uol3onJ3sqo

J1uoayD

(SOAI)
uol3dnJisqo
oluoayd

1AQ4l =1ndy

uonesipuj
juawieas]

(panunuoD)

,£0T0T ‘uoar

(1oyod
-9}403jUd9))

s¢010C
‘pieedxoeg

600 ‘Nley

6002 ‘1241

26600€ ‘8unjiey

(140yod

-U9|33N),:£00C
‘U9I8aN

62200 ‘ddiuy

52£00T ‘1291

uonedliqnd

€ 374avl



NOTTEN ET AL.

th

j

786

(senunuo))

(Z1/0) ®UON :3d

%696 "SA %8'T8 2130qUIoIy3UOU 'SA | AQ-3SOd-

owzer pajJodas Jo0N (%2°T) 9v/T (%EY) 9v/T (%T°2) 9%/T :LAQY %0°€6 :0W ZT 38 dd
%8 SA %6 :0W 91 1y~
%68 ‘SA %C6 0W 9 3y~
(%€°T9) 08/61 Ul 43|14 %E6 "SA %96 :OW T I-
LOW 9f pajiodai joN (%8°€) 08/€ pajiodai joN ADI (%S°2) 08/9 :3d d1UOIYD "SA 3INdY
"(%0T)
6€/1 :uoisn|22Q--
(%€"0T)
6E/1 0IM p<) 33e7-
(%L2)
6E/€ uoisn|22Q--
(%T°S)
mm\N :SIsou93S--
(%8°21)
6€/S 0IM >) Alie3-
OW TZ pajiodasjoN  papodasioN  (%T°E€T) squi| 6€/6 paiodai JoN %68 ‘%L8 ‘%YL :0W €€ 1€ dS pue ‘dde ‘dd
e (P 80T
-0¢ 23ueu)
PTETF LTV pajJodal J0N (6€/0) duoN (%€°0T) 6€/¥ (6€/0) duoN :3d pa3Jodal JoN
(%0°52) 91/ :91€e1-
(%8°8T) 91/€ ‘Alte3-
ow gz pajlodal JoN (91/0) suoN (%8°€V) 9T/L pajiodas JoN %18 Pue %19 :0W ZT e dS/dde pue dd
"Apn3s siy3 jo
ed se syuanjed (%9°G) %056 ‘%L T8 '%E 8L OW HT IV-
(%6°€T) 9€/G °3€7- g ul pue sjusnzed (%57) '%0°S6 ‘%L TS ‘%E 8L OW ZT IV-
(%8°T) 9€/T *Alie3- 6 Ul pade|d Apeauje %0°00T ‘%56 ‘%188 :0W 9 Iy-
LOW QT pajiodai joN SuoN (%£°9T) 9€/9 s1314 AD| "SUON :3d :dS pue ‘dde ‘dd
(%t'v€) 2E/TT 0187~
(%€°9)
2€/T (ow 1>) Alae3- (%06) TZ/6T
qowee papiodaljoN  pajlodasjoN pajiodal joN (%9°0v) TE/ET :ALAN (%9£) 12/91 (%L9) 1Z/¥1 ‘A T ¥e dS pue ‘dde ‘dd
nd Sid Suipas|g 18I ETV.CE| (waa) pue %) Aousjed
Jolen
SawodiInQ

(SOAI)
uol3dnJisqo
o1uoayd

1Ad
21U0JYD JO 3INdY

(onoquiosyyysod

‘leJowajol]l)
uoljdnJisqo
oluoay)

S1ld

(21170qwoayi-1sod

‘leAed-ol|i

-0Joway)

uo132nJ3sqo
J1u04yD

(jesowsasoly)
uoi3INIISqO

(onoquoayyisod

‘lelowsjoly)
uo[32Nn43sqo
J1uoIyD

uonedipuj
juswieal)

(panunuo))

710z N1

¢,ST0T ‘AS|uels

€102 ‘youelg

»CTOT edeN

0y0T0C
‘uald|yepn

£:0TOZ ‘SNHL

2c0TOT ‘sa[esoy

uoneslgnd

€ 374avl



787

J

NOTTEN ET AL.

(senuiuo))

(OW ZT

LOW 9T

pajiodau JoN

s (%€2)
89/G :0W ZT IV

(%8'v) T9/€

(%S°T) 89/T

(%€76T)
T9/TT :uoisn(a20-
(%1°8)
29/§ SIsoudis-
(%Y'LT) T9/LT

pajiodau JoN

pajiodau joN

(%L¥T)
89/0T Ul padejd 4oy
DAl ‘pa3iodai JoN :3d

"%¥'C6 PUE %0°0L :dS PUE dd

(%£°06) §9/6G :0W ZT IV

(%T12)
PT/T 'SA
(%S°€2) LT/¥ (%0) ¥1/0
poyiaw 'SA (%1°62) LT/S 'LAQY
thoam._ JON thoaw\_ JON M3U 'SA PO _uwtoaw._ JON Poyiaw mal ‘sA p|O Umtoaw._ JON
(%€°98 = 0T1/56)
(%S°0P) LE/ST LAQ-3sod 8uieq ||e
3oe43 939|dwo)- ‘syusnied (%6°0%) 56 %0°T6 PUB %G ¥/ A G IV-
(%S5°6S) ui pade|d 43314 DA %E"€6 PUB %E 18 A € IV-
LE/TT ‘|epned- "pajJodau JoN 3d %00T PUe %Z°€6 A T IV-
oW 7€ pajiodaiioN  (%6'0) S22/ (%¥'9T) SCT/Le (%6't) S2T/TT :LAQ?Y :dS pue dd
%68 PUE ‘%8/ ‘%S9
ow ¢ wa‘_oam\_ JON _uwtoaw‘_ JON _uwtoaw‘_ JON thoaw;_ JON :dS pue ,n_n_m hn_n_
(%881 = squi|
zT1/1e
qOW 67 payi0daijoN  (ZTT/0) dUoN ‘%C'8T) 0TT/0C (2TT/0) 2UON :3d %6 PUB ‘%06 ‘%0L ‘A € 1€ dS pue ‘dde ‘dd
(%£°9)
€9/t :(p 0€<) €7~
(%T°TT) %8°T8 PUB %/°0/ :0W 9¢ Iy~
€9/L :(p 0€>) Alre3- %T°€6 PUB %6°/8 :0W ZT IV~
LOW 9¢ palJodal 10N (€9/0) auoN (%S°¥T) €9/TT (€9/0) @uoN :3d :dS pue dd
S
AD| PaAIadal sjualjed
IV "pe3iodal JoN :3d-
(%0°2) TS/T ‘LAQRY-
(%8°L) 1S/¥
LOW 9T pajJodas 10N (%0°2) 15/T (%6'S) 1S/€ (LSI40 1AQ) LAY %€ 778 PUB ‘%G°/8 ‘%8'S6 :0W HZ pue ‘T ‘9 1e dd
nd Sid 3uipas|g 18I LAY (wia) pue %) Aduareq
Jolen
SawodiInQ

1Ad
ajnoe Jo/pue

uoissaidwod
J1uo4yD

(ow 7>)
LAQ ®n2eqns

(2o1n0qwioayyysod
‘leJowajol]l)
uol3dnJisqo

oluoay)

(SOAI)
uol3dnJisqo
oluoay)d

uol3oNIIsqo
J1u04YD
(2o1n0qwioayiysod
‘leJowajol]l)
uol3oNJ13sqo
J1u04yD

Sld

(S1N
ynm) 1AQ 23Ny
uonesipu|
jusuijeas)

(panuRuOD)

S9143s ase)

¢c8T0T ‘0pu3

2s810¢C
‘adajuewnq

1610C
‘e30JaWoD)

0:910Z ‘14S

OWNIW)

9y9T10C
‘e||laulieled

PRLTAN

4, 710Z ‘8ues

V10T Hied

uonedliqnd

€ 374avl



NOTTEN ET AL.

th

j

788

(senunuo))

"apisul

ljloqwa pey auou pue

paAOWI UM ||

'syusned (%6°Ch) €

ul pade|d a4aM SIa1)
ADI *(€/0) ®UoN :3d

(€/0) @uoN :n4 Bulng-

(%0)
€/0 :sjuanjed pajuals
u| (%0°82) £/T ‘Ae3-

ouw ¢ pajlodal JoN (€/0) uoN (€/0) uoN (%0°82) £/T "LAQ?Y pajiodas JoN
LOW 9T 11 (£/0) 3uUoN (%EVT) L/T (£/0)3uoN (£/0) ®uoN LAY %007 ‘dd
(%T°6)
TT/T :nd 3ung-
(%1°6)
T1/1 :[endsoy-uj-
0w ZZ pajlodal JoN (TT/0) 9UoN (%C'8T) 1T/C pajiodai JoN (TT/0T) %T6 Pue (TT/6) %18 :dde pue dd
sjualjed [T ul paoseld
SJ493|1} AD| "dUON :3d
(%8¢) S¢/L LAAY-
(%8%) G2/CT P 1T JoUV-
(%¥) ST/T P #T UIUHM-
(%8%) GT/€T
LOWTT pajiodal JoN (%cT) Se/e (%07) ST/9 (LS140 LAQ3J) LAY pajiodas JoN
(¢/0) 2uoN :3d
pajiodau joN pajiodau JoN (2/0) @auoN (2/0) @auoN (2/0) @uoN L AQ3Y pajiodau joN
nd Sld Suipas|g 18I ETV.CE| (wi3] pue %) Aduared
Jolen
SawodiInQ

(LAQ41 wody)
sua|op ea|nJad
eisew3a|yd

(saAndaoesjuod

|e40 JO uonenIul

pue S1IN YyHm)
LAQ 812y

(SLN
YHm) 1AQ 23y

1Ad
3)nde Jo/pue

uoissaidwod
21U0J4Yd [e213D

(wnjaedysod
AM 95 M €5)
1AQ ?3ndeqns

uonedipuj
juswieal)

(panunuo))

gs110C
‘unN%zn30

16002 Aydiniy

95£00C
‘uuewsny

¢s500C ‘leAe@

»sS00T ‘eAJeydy

uoneslgnd

€ 374avl



789

J

(senuiuo))

3d pue
‘P 7 1914€ panowal (ssew 21Aj2d
‘pade|d 43 ADI pue SN Yum)
ow 9 pajiodau JoN pajiodau JoN pajiodau JoN Asesodwa] suoN :3d %00T 1AQ4| 2oy 1oLT0T ‘Y3uis
(SLIN ynm) 90¢T0T
ow 9 4+ (T/0)9UON  pajiodaljoN (T/0) @uoN (T/0) UoN :LAQY %00T 1AQ4I 3oy ‘PlEWIOAA
ow g 4+ (T/0)9UON  pajlodaljoN (T/0) duoN pajiodas Jo0N %00T LAQ4I 9oy <o0T0T ‘Jleys
(ewneJjoudiw
EVINETSEY]
wol4 SISouals
Al Yyim)
ow T pajiodau JoN pajiodau JoN (T/0) UoN pajiodau joN pajiodau joN 1AQ4l 21ndy 450TOT ‘Wejes
(SLIN ymm
1AQ4| wody)
suajop ea|nJad £9800C
ow g 4+ (T/0) SUON (T/0) ®uoN (T/0) 3uoN (T/0) @UON LAQ™Y %00T elsew3s|yd ‘HNXzn30
290€00¢
ow ¢ pajiodau joN pajiodau JoN (T/0) @uoN pajiodau joN %00T (LAQ4l493e)Sid ‘Aoueadedy

(%t°L€)

sjiodau ase)

TET/6Y SA (%9°'TT)
9TT/ST poIud)s

NOTTEN ET AL.

JOU "SA pajuals (SOAI Yyum)
pajiodau JoN s (%0€) LvT/vL pajiodau JoN pajiodau JoN pajiodau joN pajiodau jJoN 1AQ4l 2oy 19£10C ‘SulN
(o130quioayyysod
‘leJowsjol]))
uopodnJisqo 09970C
qOW $T pajiodau JoN (6/0) @uoN (6/0) uoN (6/0) @UON 1 AQ?Y %00T :dd Jluoayd “9saimsue]
(%S°CT ‘8/1)
JU3S YUM T Yyaolym
Jo spuaned z ut Jayiy
9y} 9pISul punoy sem
snquoly] 13314 ADI (wnyaedysod
ue paAladaJ sjualjed NM 95 1o
IV (8/0) ®uUoN :3d Aoueugaud
(%0°52) Supnp)
qOW 0C s (8/0) duoN (8/0) suoN pajiodal joN 8/C :Aliea ‘L AQ9Y %5°L8 :dd 1AQ4l 31ndy £ST0T ‘woo|g
n4d Sid Sulpas|g 1Sl ENWC | (wia) pue %) Aduszeqd uonesipuj uonesliqnd
Jofe|n jJusaweal)
Sawo021NQ

(panuRuOD)

€ 374avl



NOTTEN ET AL.

.u.l.

j

790

"anjeA UeIpaln,

‘aN|eA ues|p,

‘3sluo3ejue Y UleiA ‘YHA Juswiealy piepuels ‘gNLS ‘Aduajed Auepuodas

‘dS fJUaAd 21]0qUIB0QUIOIY} SNOUSA JUBLINIAI ‘| ADJ DWOJPUAS d130quolyysod ‘S 4 ‘AysejdoiSue [eujwinisuesy snoaueinatad ‘i1 d ‘Adualed Asewlud ‘dd ‘uoijuaniajul snousaaopua snoauejnatad ‘| A3d
‘wsijoqwia Aseuow|nd ‘34 ‘Awo3daquoly) uofjedidse snoaueindlad ‘| yd ‘SUOISI| UISA ]|l 2130qUIOIYIUOU “JAIN ‘JUSWIEDI} [EPOWIINW ‘| 1TNIA DWOIPUAS JauINY]-ABIA ‘S IA ‘DWOIPUAS UOISSIdWOD UIDA
‘SDA {SISBISOWaBH puk SISOqUIOJY ]| JO A}D100G [BUOIFRUIDIU| ‘H1 S| (SISOQUIOIY) JUIS-UI ‘] S| (SISOQUIOIY] UIDA dIap [e40wdjol|l ‘I AQ4] {UIDA [BABD JOLIS4UL ‘AD] {dN-MO||04 ‘N4 {UIDA Del|l [BUuJaIXd ‘AT
‘sisoquioayy uldA dasp ‘) AQ ‘SIuenSeodljue B0 39341Pp ‘DY@ UIDA JBl|I UOWWOD ‘A[D ‘SISA|OqUIOIY] Pa3IaJIp-4932Y1ed ‘] 0D ‘U0I3dINPal YSid 91n|0sqe ‘Y V ‘Adualed Auewiid pajsisse ‘dde :suoljeinalqqy
‘(1) swordwAs Jo 9ouasqe ue pajiodal SaIpNIs SWOS ‘DI0wIayling “(11) paisoads sem uoliulap ou ‘SaIpnis swWos U °(,,) SUOIHULIDP dAIjeUID) |

10 ‘(lp) ,,,21005-B}[E||IA P3SIASL B pUB  3100G AJISASS [BDIUI|D SNOUSA 3Y) JO UOIJEUIGUIOD € ‘(§) o \.r POYIDW SNSUBSUOD H1 S| 9Y3 ‘(F) ,,U01UISSP [BUISIIO U} PIPN|DUI 9SBY | PISN S43M SUOIHUISP SNOLIEA
‘S1d 40 Suinuodas ayj uj “Juswade|d JUa}S SNOUAA SUIAIDIL SUOIIEDIPUI JUSWIIEI]) (D1UOIYD JO 3INJE) | AQ-3S0d Y3Im sjualjed Jo Jaquinu ay3 Joj palyidads ejep Juasaidas pjoq ui pajiodal SawodINo ||y 230N

(uIaA |euad
149] SuIAjOAUL
os|e) LAQ [e2e]!

ow g 41 (T/0)9UoN  pajiodaiioN (T/0) @uoN pajiodas JoN %00T -19-oAed 91Ny 1,020 ‘981eg

ow 6 pajiodal joN (T/0) 3UoN (1/0) 3uoN (T/0) 3UON *LAQY %001 1AQ4l 8y 0,670T 1Yoy

N4 yjuow-g e
jua3s ayj o3 [e3sip
JIAH3I3Y3jo
SISOU]S Mau pue (SLIN y3m)
ow /T pajiodau JoN pajiodau joN 1S121newojdwAg pajiodau JoN pajiodau JoN 1AQ4| 2oy «8T0C ‘eWieT

(LAQ [edel]i-0ned

ow QT psjlodaijoN  pajiodaljoN 1S1321dnnn pajlodal JoN pajiodal JoN  J234e) S1d 949A9S 98T0T 43140
nd Sld Supas|g 18I J1A3Y (wia) pue %) Aousjed uoneldipuj uonesliqnd
Jole juswieas)

sawodnQ

(Penunuod) € 3749VL



NOTTEN ET AL.

2 years,23'33'38’39'48

found ranging from 65%*® to 78.3%.%? This remained stable after 3
32,42,46,47,50

a mean primary patency of 69.3% (SD 5.2) was
years, with a mean primary patency of 76.4% (SD 6.8) and
arange from 70.0%% to 84.3%.°° Mean primary patency dropped to
56.3% (SD 25.7) after 5 years with a range from 38.1%%’ to 74.5%.°°
Long-term follow-up data on patency rates are scarce: one study30
reported 67% primary patency after 6 years, and another study32
reported 83% primary patency after 10 years. Reported second-
ary patency rates varied from 81%*° to 100%°° after 1 year with a
combined mean of 91.9% (SD 6.5),2%3940:46:49.50.53 \\hich appeared
to remain stable at longer durations of follow-up: 89.2% (SD 6.2;
range 79%° to 95%°%),2333:38:3%48 90 4% (SD 4.7; range 82.8%*¢ to
94%47) 3242464750 3nd 82.9% (SD 12.9; range 73.8%% to 92.0%°)
after 2, 3, and 5 years, respectively.

Some studies presented patency rates per-treatment indication
being either primary or secondary?>2730:3144 resulting in a combined
mean primary patency of 83.2% (SD 14.7) versus 74.8% (SD 19.0).
No statistically significant differences were seen for acute versus
chronic thrombotic pathology at 46 months of follow-up (P = 12)48

4.3 | Recurrent venous thromboembolism

stud-

of
T'2,10-

Information regarding reVTE was provided in 41

Tes (739)323,27:30.32,33,38,39,41,43,44,46,47.49-51,55,60., 23
these studies included patients treated for acute DV
22,24,26,28,35,36,45,52,54,5763,66.6770 (Taple 3). Studies used different
definitions for reVTE, which could include reDVT, IST, PE, and/or the
use of inferior caval vein filters. Although specification of results into
these different entities was often not performed, when provided,
these data will also be presented separately here.

The incidence of reVTE was reported in 16 studies (29%).2012%
15,18-21,26,30,32,33,35,36,3845,50,51,55 Njine studies?10:12-15.18-21,26,35,36,45
included patients treated for acute venous pathology only. In two of
these studies, the incidences for reVTE were specified for patients
receiving stents: 0.0% in the study by Grommes et al®* and 7.8% in
the study by Park et al*®> Overall, incidences for reVTE ranged from
5.9%° to 30%,2* with significant differences reported depending on
received treatment but not on duration of follow-up. In the publica-
tion by Sharifi et al, treatment with additional venous interventions
was compared with standard anticoagulant therapy that resulted in
recurrence rates of 2.3% versus 14.8%, P = .003, after 6 months of
follow-up,’® whereas these rates were 4.8% versus 16.0%, P = .02,
after a mean follow-up of 30 months.’* Notten et al® assessed the
number of events including IST and found events in 22.1% versus
9.3% (P = .05) of patients, respectively. For the seven studies that
also included interventions for chronic pathologies,30-3233:38,50,51,55
the overall incidences varied from 4.8%°C to 48%>° without correla-
tion to duration of follow-up.

ReDVT was registered as a separate entity in 24 studies

(43%): 17 including only interventions for acute DVT%1213.15-

17.22,26,28,35,45,54,57-59,63,66.70 41 seven studies (also) including chronic

treatment indications.23:27:3044.55.60 | the studies including acute
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pathology only, incidence had a mean of 6.0% (SD 8.1) versus 4.6%
(SD 9.6) in studies also including patients treated for chronic venous
obstructions without influence of follow-up duration.

In 13 studies incidences could be specified for patients
with (a history of) DVT who underwent venous stent place-
ment!6:26:28:45,54,57.58,63,66.70. aDVT was only seen in studies that
included patients treated during the acute phase of DVT: Sebastian
et al (1%),% Park et al (2.0%),*> and Kélbel et al (2.8%).2% ReDVT
was absent in the other seven studies (including three case re-

)16,54,57,58,63,66,70

ports, with an acute indication for intervention as

well as in the other three studies with mixed treatment indications
including both acute and chronic pathology.3'27*“’0

PE was reported in 25 studies (45%): 16 addressing interventions
performed during the acute phase only,210-17:20-22:24,26,28,35,54,58,59.67
and nine also including interventions during the chronic thrombotic
phase.33941:4344,46.4749.55 Qyerall, including the total study popula-
tion of these studies, incidences of PE ranged from 0.0% to 21.4%,%
with two studies¢?* reporting an incidence of more than 10%.

In 18 studies (1010:17:21,26,28.35,54,58,59.67 ¢qely directed at treat-

ment of acute DVT vs eight®3941:44:46,47.49.55

including chronic pa-
thology) results were specified for stented patients. PE was absent
in all but one study: Srinivas et al reported an incidence of 1%.%*

The use of (temporary) inferior caval vein filters was addressed in 16
studies (299%) 14°17:20.22.24,28,35.43,45,50,52,55,58,59.67

4.4 | In-stent thrombosis

IST was reported as a separate entity in 41 studies (73%): 20 stud-
ies in which interventions were performed in the acute throm-
botic phase?14:16.21.26,28,35-37.4554,56-58,63-66.6971 54 21 stydies
(also) including interventions for chronic thrombotic pathol-
ogy.3:2325.27,30.31,34,38-42,44,46,47.49,50,53,55,60,62.68 (Tap e 3).
Specification of outcomes for patients stented following throm-
bosis was possible in all 20 studies reporting on interventions per-
formed during the acute phase. Occurrence of IST was seen in 11

2,14,16,26,28,35,37,45,56,57

of these studies and ranged from 1.0%% to

18.2%.%% IST was absent in the remainder cohort study,?! two case

5458 and six case reports.®3-%¢7%71 Differentiation of the oc-

series,
currence rate into early and late IST was possible in the studies by
Sebastian et al (4.5% vs 7.2%, P = .57)?¢ and Husmann et al (9.1% vs
9.1%, P> .99).% No difference was seen when treated with 3 months
of VKA or rivaroxaban: P > .99 for the early IST and P = .54 for the
late IST.2

If study populations also included patients receiving interven-
tions for chronic pathology,?2>°31:34:3840-424647.5560 the  occur-
rence of IST in patients with (post)thrombotic stenting ranged from
0.0%°%%? t0 43.8%° next to the multiple recurrences resulting from
nonresponsiveness to antithrombotic treatment in one®® of the two
case reports.®?%8 Early occurrences ranged from 5.4%° to 18.8%*°
and late occurrences from 3.8%°! to 34.4%.%8 In studies that did not
allow specification of outcomes for patients with thrombotic or non-

23,27,30,39,44,49,50,53

thrombotic chronic pathology, the overall risk of
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IST ranged from 3.2%%° to 27.4%.>% Several studies also mentioned
the occurrence of (in-stent) stenosis and occlusion without clarifying

its cause being thrombotic or nonthrombotic,32-3842:46:53

4.5 | Major bleeding

In 40 studies (71%), the occurrence of major bleedings was reported,
21 studies10-13:15.17-22,24,26,28,35,36,45,52,54,56-59,63,70 11004 ot inter-
ventions in the acute phase and 19 studies including chronic treat-
ment indications®2%:29-31,33.34.39-41.43.44.46.47.49-51.53,55.60 (Taple 3). In
studies comparing additional interventional treatment for thrombus
removal to standard treatment alone, there appeared to be a higher
risk of major bleeding in the intervention groups: 2.2% versus 1.1%
during a mean hospitalization of 2.7 + 1.1 versus 5.8 + 1.3 days
(P =.57),"> 1.8% versus 0.3% (P = .049)'® and 1.5% versus 0.5% dur-
ing the first 10 days after the intervention (P = .32),'? 5.2% versus
0.0% at 1 year of follow-up (P = .06),% and 11.1% versus 6.1% at long

term (P = .89).%°

The incidence of major bleeding could be speci-
fied for stented (post)thrombotic patients in 24 stud-
jes,3:13,17.21,22,24,26,27,34,39-41,45-4751,54,56:60,6370  Maior  bleedings

were absent in 10 of the 14 studies on acute pathol-
ogy.13’17'21’24'54’5‘{"58'5(”""3*70 This included the two case reports
addressing this complication.®®”° Only a single study showed an in-
cidence of more than 2.0%: the case series by Murphy et al found an
incidence of 14.3%.%” Of the studies including chronic venous pa-

%27,34,39-41,46,47,60 and one of

thology, eight found an incidence of 0.0
2.7%.% The study by Comerota et al®* compared incidences between
patients treated according to their original peri-interventional pro-
tocol and after modifications that resulted in a significant risk reduc-

tion: 23.5% versus 7.1% (P = .47).

4.6 | Postthrombotic syndrome

PTS was assessed in 15 studies

(27%),210:12-15,18,19,22,24,26,52,57,59,61,63.65,6671 41| of which addressed
venous interventions during the acute phase (Table 3). The definition
for PTSvaried among the different studies. The original definition,”?”°
requiring an elevated Villalta score on two separate measurements
at least 3 months apart or the occurrence of venous ulceration, was
used in one study2 only. Comparing additional ultrasound-acceler-
ated CDT (which included stenting in 45.5% of patients) to standard
treatment alone, PTS developed in 28.6% and 34.7%, respectively.

2,10,12,13,18,19,24,52,59,61) was the

Most frequently used (seven studies
definition according to the ISTH consensus method’®: a single ele-
vated Villalta score (5)’2 at 6 months or later after the acute event or
the presence of venous ulceration. In four of these studies, outcomes
were compared between groups treated with standard treatment
alone or additional interventions, which sometimes included venous
stenting. The reported incidence of PTS in these groups were 55.6%

versus 41.1% (P = .047),° 73.1% versus 20.0% (P < .01),%* 48.2%

versus 46.6% (P = .56),'® and 44.0% versus 41.6% (P = .76),% respec-

tively. However, the incidence of PTS was not specified separately

16 used

5

for patients who received venous stenting. Sebastian et a
a revised Villalta score’* and the Venous Clinical Severity Score’
when comparing the use of DOAC to the use of VKA following (post)
thrombotic stenting. Patients were reported to be free of PTS in
85% versus 88% of cases (P =.76). Alternative definitions were used
by Sharifi et al'**'® (presence of 2two symptoms [leg burning, pain,
aches, discomfort, restlessness, and tingling] combined with edema
and venous reflux [classified as mild PTS], skin hyperpigmentation
or lipodermatosclerosis [classified as moderate PTS], or an active or
healed ulcer [classified as severe PTS]) and Manninen et al?? (abnor-
mal functioning of the venous system because of valvular incompe-
tence with or without associated venous obstruction in a limb with a
prior objectified DVT). In one study®” and four case reports,®36>¢¢71
the definition of PTS was not specified but only the absence of the
PTS was reported. Three of these case reports merely described that

patients were free of symptoms during follow-up.63¢>6¢

5 | DISCUSSION

With the increasing numbers of venous interventions performed
and the introduction of (dedicated) venous stents over the recent
years, we expected that the available literature reporting on peri-in-
terventional antithrombotic management would have expanded ac-
cordingly. We therefore set out to perform an update of a systematic
review addressing the issue of peri-interventional antithrombotic
management related to venous stenting published by our group 6
years a\go.6 At the time, we concluded that there was little infor-
mation and much uncertainty on the role of antithrombotic treat-
ment in the context of venous stenting. Unfortunately, not much has
changed.

Our up-to-date search showed that in the year 2020, there still
is no or little attention for antithrombotic treatment surrounding ve-
nous stent placement given that only two studies directly assessed
this issue when reporting on study outcomes. Only one of these
studies addressed the direct impact of antithrombotic treatment on
IST following stenting procedures.® This study suggested that the
risk of IST decreases with increased quality of antithrombotic treat-
ment with VKA, expressed as TTR.

The majority of postinterventional antithrombotic regimens pre-
scribed in the studies included in this review entail temporary use
of VKA with concomitant LMWH during the initiation phase. The
use of DOAC was still limited in the selected studies despite their
convenience, presumed advantages in limiting PTS, and a lower risk
of major bleeding. Partially, this could be explained by the fact that
most studies in this systematic review are older and DOAC were not
yet incorporated into daily practice. Specification of antithrombotic
treatment for stented patients in particular was rarely provided. If
antithrombotic treatment was described for stented patients spe-
cifically, it most often entailed the concomitant use of antiplate-

let drugs. Furthermore, sole treatment with antiplatelet drugs,



NOTTEN ET AL.

sometimes with LMWH directly following the intervention, was fre-
quent in patients stented for chronic pathology. Overall, it appears
that choices in postinterventional antithrombotic management are
driven by the patient's history of DVT and follow current guidelines
for thrombotic management rather than to specifically adjust treat-
ment if stenting is performed.

Following the increased acceptance of the “open vein hypoth-
esis” and the rapid evolution of new treatment techniques, venous
stent placement has become a more and more prominent treat-
ment modality for both acute and chronic thrombotic as well as
nonthrombotic deep venous pathology in an attempt to prevent
or reduce the severity of symptoms and complaints. Subsequently,
preservation of acquired patency is presumed essential to prevent
the development of PTS or the recurrence of symptoms requir-
ing reinterventions leading to additional health care costs. The
value of peri-interventional antithrombotic treatment to achieve
optimal long-term results may be presumed from Virchow's triad.
This may explain why the apparent higher recurrence rate in non-
thrombotic (eg, May-Thurner syndrome) patients is lower than in
patients with prior thrombosis. In principle, anticoagulation cor-
rects the hypercoagulability from preexisting prothrombotic risk
factors and spans the time needed for the healing of endothelial
perturbation following recanalization. It is striking to note that,
although the influence of antithrombotic treatment on treatment
outcomes is widely recognized, it still receives so little attention.
This lack of attention extends to other potential confounders on
outcomes surrounding the intervention, including selection of pa-
tients, thrombotic status, stent characteristics, and the interven-
tional techniques used.”* Moreover, study outcomes are reported
using various definitions and classifications, which makes it diffi-
cult to extract specific results and leads to limited availability of
comparable data.

Over time, the outcomes of interest reported seem to have
shifted from the reporting of mainly technical (ie, patency rates) out-
comes to inclusion of more clinical outcomes (ie, PTS). However, the
correlation between technical success and clinical outcome remains
uncertain.

Besides the many weaknesses that have to be taken into
consideration when interpreting the reported study outcomes,
one should also consider what is the minimal effect that should
be deemed acceptable. Regarding the primary patency rate an
overall mean of 82.3% (SD 10.8) was seen at 1-year of follow-up,
which reduced to 73.3% (SD 7.9) at 2 years, and 76.4% (SD 6.8) at
3 years of follow-up. This means that in about 25% of patients,
patency could not be preserved, potentially resulting in recur-
rence of symptoms or the need for a reintervention. Data on pa-
tency rates at longer durations of follow-up are limited. Second,
one should assess whether and where adaptations can and should
be made. Improvements could be targeted at either the stenting
material, the interventional technique, or the peri-interventional
circumstances including treatment indications and antithrom-
botic treatment. Over the years, outcomes for primary patency

did not improve considerably despite progression and innovation
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regarding venous stenting procedures, suggesting the influence
of stenting materials and interventional techniques to be less im-
portant. Parallel to the optimization of antithrombotic treatment
regimen supporting stenting procedures in the arterial setting, one
would expect that optimization of antithrombotic therapy could
possibly also contribute to the reduction of IST and improved
clinical outcomes in the venous setting. Although a meta-analysis
could not be performed, an indication for a protective effect of
postinterventional antithrombotic treatment was suspected. This
is in particular based on the study by Notten et al® showing that
a more adequately executed antithrombotic treatment could pro-
tect against the development of IST.

The overall quality of the studies reported is reasonable.
However, there seems to be a discrepancy between acquired quality
assessment score and our intuitive appraisal of the data. Therefore,
we suggest the introduction of common data elements for the re-
porting of venous interventions and stenting to overcome these im-
pediments. We propose that a clinical trial comparing outcomes in
groups with different yet clearly defined and well-documented anti-
thrombotic treatment regimens is necessary to gather valid data re-
garding its influence on long-term outcomes after (post)thrombotic
iliofemoral venous stent placement. In addition, results should be
presented after consideration of the various factors surrounding the
intervention possibly intervening with its outcomes.

In conclusion, the results of this review show that there is a per-
sistent hiatus in knowledge regarding antithrombotic management
surrounding venous stent placement even though its clinical impor-
tance can be presumed. Future studies addressing this issue should
be performed using specified treatment protocols and report on
clearly defined study outcomes while also taking into consideration
the broad variety of possible confounding factors surrounding an
intervention.
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