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Washington, Seattle, Washington common iliac vein between the right common iliac artery and the pelvis. It likely pre-

Correspondence disposes an individual to lower extremity deep vein thrombosis (DVT) as well as
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Email: padrnos.leslie@mayo.edu known history of thrombosis. In the case of MTS-associated acute thrombosis, there

symptoms of unilateral lower extremity swelling and discomfort in the absence of a

is low-quality evidence to suggest that endovascular intervention including throm-
bolysis and endovascular stent placement reduces the risk of recurrent thrombosis.
However, the optimal type and duration of antithrombotic therapy after stent place-
ment for left iliofemoral vein stenosis is not known.

Methods: A systematic literature search including studies that evaluated the out-
come of endovascular stent occlusion and systemic anticoagulant use in patients
with MTS associated DVT was performed. The primary outcome of interest was 12-
month risk of endovascular stent occlusion or recurrent DVT.

Results: A total of five studies encompassing 61 patients were included in our study.
All studies were retrospective without a comparator group. A variety of anticoagu-
lants and durations were prescribed. Of the 55 patients evaluable, the 12-month rate
of endovascular stent occlusion or recurrent DVT ranged from 0% to 40%. The 12-
month stent patency rate ranged from 60% to 100%.

Conclusions: The published evidence regarding antithrombotic treatment for patients
with MTS who have undergone stent placement for a DVT is limited. Further high-

quality, prospective studies are needed in this setting to inform clinical decision making.
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Essentials

e May-Thurner syndrome (MTS) is an anatomical variant that may be associated with deep vein thromboembolism (DVT).
e Optimal antithrombotic management in patients with MTS and DVT who undergo endovascular stenting is unknown.

e The available evidence on antithrombotic management in this setting is reviewed and discussed.

e Optimal systemic management in this setting remains uncertain and further high-quality, prospective studies are needed.
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1 | INTRODUCTION

The development of venous thromboembolism is multifactorial
and results from environmental risk factors and patient charac-
teristics that can be acquired, inherited, or unknown. Left iliac ve-
nous compression syndrome (IVCS), also known as May-Thurner
Syndrome (MTS), which denotes compression of the left common
iliac vein by the right common iliac artery, can cause unilateral
lower extremity swelling, discomfort, and is thought to be a risk
factor for thrombosis.! There are no standard diagnostic criteria
for MTS diagnosis by imaging?; the degree of measured venous
compression may depend on more than one factor, including an in-
dividual’s volume status.® Diagnosis requires persistent narrowing
of the left iliac vein regardless of positioning2 with MTS anatomy
suggested by venous collateral development, hemodynamic flow
>2 mmHg across the stenotic segment, or degree of left common
iliac vein stenosis (e.g, >50% reduction in the luminal venous diam-
eter).? The prevalence of MTS is currently unknown with a spec-
trum of estimates. Autopsy assessments have identified a left iliac
“spur,” caused by leftiliac vein compression by the right iliac artery,
in 14%-22% of cadavers.>* One study of 77 patients presenting
with left lower extremity symptoms, found that nearly 50% had
evidence of iliac vein compression.® Another study screened 50
patients with abdominal complaints but without lower extremity
symptoms utilizing computed tomographic scans; 25% of the in-
dividuals had hemodynamically significant lesions causing at least
50% stenosis in the left common iliac vein while 66% had at least
25% compression.® The lack of precise prevalence rates for MTS
in the general population and among those with lower extremity
symptoms makes it difficult to evaluate the clinical significance of
iliac vein compression.

Management of acute thrombosis in the setting of MTS has evolved
over the past two decades with the use of endovascular management,
angioplasty, and stent placement to address the acute thrombus and
vascular stenosis.””® Compared to anticoagulation alone, endovascular
angioplasty and stent placement may decrease the risk of recurrent
thrombosis and/or severe post-thrombotic syndrome,5 but its bene-
fits are not well established. This is not a review of the evidence eval-
uating the impact of endovascular stent placement itself. Rather, this
review summarizes the available evidence to support choice of drug,
dose, and duration of antithrombotic therapy after stent placement

for patients with left IVCS and acute thrombosis.

2 | MATERIALS AND METHODS

We performed a systematic review of the literature to examine the
utilization of anticoagulants in the setting of venous stent place-
ment for acute deep venous thrombosis associated MTS. A search
of PubMed from inception until December 15, 2017 was undertaken
regarding terms “left iliac venous” or “left iliac vein” or “May-Thurner
syndrome” or “May-Thurner Syndrome” and “Stents” or “stent” and
English language. A search of Embase was undertaken regarding terms
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“May-Thurner or “lower extremity deep vein thrombosis” or “left iliac
venous” or “left iliac vein” and “stent” and English language. A search
of Scopus was undertaken regarding terms “stent” and “may-thurner
syndrome” or “lower extremity deep vein thrombosis” and English lan-
guage. A search of Web of Science was undertaken regarding terms
“lower extremity deep vein thrombosis” or “may-thurner syndrome”

2.1 | Study selection

Studies were considered potentially eligible for this systematic re-
view if they met all of the following criteria: (a) assessed outcomes
of stent patency and/or recurrent thrombosis in individuals diag-
nosed with an acute DVT and MTS treated with endovascular stent-
ing; (b) followed patients for at least 12 months with stent or lower
extremity imaging; (c) at least 75% of the patients were evaluated
at 12 months; (d) anticoagulation was described as drug, dose, and
duration; and (e) included at least three patients.

From 396 papers, five were eligible for inclusion.” % The other
391 studies were excluded for a variety of reasons, including:
small number of patients (114), lack of outcome reporting (30), and
published as abstract only (61). Figure 1 provides details about the
reasons that most papers were excluded. Some articles were ex-
cluded if the title and abstract clearly did not meet all the inclu-
sion criteria, but if there was doubt the full paper was reviewed

(see Figure 1).

2.2 | Data extraction

Key articles characteristics, including author, year of publication,
study type, inclusion and exclusion criteria, number of patients in-
cluded, patient demographics of age and gender, thrombotic risk
factors if known, location of thrombosis, endovascular procedure,
utilization and removal of inferior vena cava filter, type of endovas-
cular stent, anticoagulant drug and dose, duration of anticoagulant,
antiplatelet therapy drug and duration, stent occlusion at 12 months,
thrombosis recurrence at 12 months and post-thrombotic syndrome

scores, were extracted and recorded in evidence tables.

3 | RESULTS

The five included articles were all retrospective and describe out-
comes of 61 patients with MTS and thrombosis who underwent
endovascular stent placement and a subsequent antithrombotic
treatment (Table 1). The majority of the patients included in this re-
view were female, which is consistent with prior reports of MTS-
associated DVT (Table 2).

3.1 | Endovascular procedure

A variety of methods of acute thrombus management were utilized in
the included studies. Of the five included articles, one utilized cath-
eter directed thrombolysis (CDT),*® two utilized pharmocomechanical
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396 Articles
61 Abstract only data

278 Articles

240 Articles

DVT that underwent stenting

50 Atrticles without original data

months

48 Articles

18 Articles

Anticoagulation dose or duration
5 Articles

Iél <I éﬁéﬁél é| éE<I

thrombolysis (PMT),° one used either CDT or PMT,*? and one uti-
lized surgical thrombectomy with arterio-venous fistula formation
and thrombolysis (TT)!* as initial management of acute DVT (Table 2).
In-stent occlusion or thrombosis was seen in one patient treated with
PMT, one patient treated with a combination of CDT + PMT, two pa-
tients treated with TT, and three patients treated with CDT alone.

3.2 | Thrombotic risk factors

Three of the five articles reported hypercoagulable testing or throm-
botic risk factors. The use of thrombophilia testing (and the clinical im-
pact of its results) was inconsistent and incompletely reported among
the five studies (Table 3). Regarding stent outcomes, patients with
and without thrombophilia were found to have stent occlusion within
12 months of intervention. Two of the six patients with thrombophilia
(30%), two of the 19 patients found to be negative for thrombophilia
(10%), and three of the 36 with an unknown thrombophilia status (8%)
experienced stent occlusion of thrombosis recurrence within 12 months
of stenting. The available data do not permit any conclusions about the
impact (or lack thereof) that thrombophilia testing should have on deci-
sions about antithrombotic therapy after stent placement.

3.3 | Antithrombotic therapy

Of the five studies, four utilized warfarin as the anticoagulant for
all patients studied,” ™% with goal international normalized ratio
(INR) 2-3 for three studies, and 1.5-2.5 for the remaining article

57 Articles not relevant to MTS + thrombus + stent

38 Atrticles not regarding acute thrombus

114 Articles without at least 3 patients with MTS+ acute

28 Articles without sufficient follow up duration of 12

30 Articles with inadequate follow up outcomes or
inability to distinguish target population outcomes

13 Articles with no delineation or description of

FIGURE 1 Flowchart of article review
and selection

(Table 4). A total of five stent occlusions or recurrent thrombosis
occurred within these four studies.

The only study that utilized a spectrum of anticoagulants
(Goldman, N = 6) including fondaparinux (N = 1), warfarin (N = 1),
or a combination of enoxaparin and warfarin (N = 4) therapy also
utilized a variable duration of therapy. The two occlusions that oc-
curred within this study occurred in one patient at 1 month while
on warfarin therapy and in another patient at 11 months associated
with warfarin noncompliance.

For the 11 patients with only 6 months of warfarin antithrombotic
therapy the 12-month stent patency rate was 78% (7 of 9 evaluable at
12 months).* For the 50 patients treated with more than 6 months of
antithrombotic therapy (variable length of systemic anticoagulation or
anticoagulation followed by dual-antiplatelet therapy) the 12-month
stent patency rate was 89% (41 of 46 evaluable at 12 months). For the
25 patients treated with variable anticoagulation or long-term antico-
agulation without antiplatelet therapy, the 12-month a stent patency
rate (17 of 21 evaluable at 12 months) was 81%.

Thus, stent thrombosis or occlusion occurred in 10%-20% of
patients post-stent placement regardless of antithrombotic man-
agement, with 12.7% stent thrombosis or occlusion overall (7 of 55
evaluable at 12 months).

3.4 | Post-thrombotic syndrome

Patients were assessed for post thrombotic syndrome (PTS) in all
five included studies. Goldman et al., Husman et al., Kim et al., and
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TABLE 2 Characteristics of included studies regarding utilization endovascular techniques

Additional
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Events®

Time to

thrombolysis

Median
age

Number of
study

occlusion by within

12 months

required after
intervention

AV fistula

Endovascular
procedure

Note

12 months

Stent type

formation

Male

(years) Female

participants

Article (year)

One stent occlusion

2

1and 11

2/6

Variable

No

Variable

17

Goldman

associated with anticoagu-
lation nonadherence

(2017)

2

7/11 Wall-stent No 0.25and 3

TT

34

11

Husman

(2007)
Kim (2017)

Matsuda

No Unknown “Acute”
Variable

PMT
CDT

19

61

25

One stent occlusion

2

0.5and 1

4/13

No

63

13

associated with anticoagu-
lation nonadherence

(2014)

No Luminexx No

PMT

48 5¢

6

Roy (2017)

CDT, catheter directed thrombolysis; PMT, pharmocomechanical thrombolysis; TT, surgical thrombectomy + thrombolysis.

2“In-stent thrombosis” or recurrent venous thromboembolism.

b“Acute” but no specific time to occlusion noted.

‘It is unclear the genders of the six patients who underwent stent placement in the Roy study. Seven patients identified,

(six female, one male), but one did not have stent placement. That patient not included in this systematic review.

Roy et al. all used Villalta scoring (VS) to categorize PTS severity.
In the Goldman et al. study, the two individuals who experienced
in-stent thrombosis during follow-up were the only patients with
any PTS symptomology defined as a VS score of 3 and a Modified
Villalta score of 1. In contrast, the Husman et al. study reported one
patient with PTS symptoms (VS = 3) with no in-stent thrombosis or
recurrent thrombosis. Two studies did not describe if the PTS symp-
toms were seen in patients with in-stent thrombosis or recurrent
thrombosis (Kim et al. and Matsuda et al.). The last study, Roy et al.,
reported no stent occlusions and no PTS symptoms at 12 months.

3.5 | Follow-up

Asiitis as least typical for patients to be anticoagulated for a minimum
of 6 months after stent placement, we sought a follow-up period of
at least 12 months to evaluate the risk of stent occlusion following
antithrombotic discontinuation, in the cases of discontinuation. The
percent of stented patients evaluable for stent occlusion or recurrent
thrombosis at 12 months ranged from 77% to 100%. Of the 55 pa-
tients evaluable, the 12-month rate of endovascular stent occlusion
or recurrent DVT ranged from 0% to 40%. Stent patency based on
those evaluable at 12 months ranged from 60% to 100% (see Table 5).

4 | DISCUSSION

The optimal management of May-Thurner Syndrome associated
thrombosis following venous stenting is not well established. We
evaluated the available relevant literature to assess antithrombotic
management in the post-venous-stent setting in MTS patients in
order to determine the impact of anticoagulant choices on the risk
of stent occlusion or thrombosis recurrence at 12 months. Our
search identified five studies that met our inclusion criteria, but
were limited by the fact that the antithrombotic management de-
scribed in the included studies was variable and none of the pub-
lished studies prospectively compared more than one management
strategy. Therefore, there is no standard type, dose, or duration of
antithrombotic management after endovascular stenting for left
IVCS-associated thrombosis.

The lack of consensus for MTS-thrombosis management encom-
passes both acute and chronic therapeutic considerations and this
includes endovascular management. Weighing the risks and benefits
of endovascular stent placement in MTS thrombosis was not within
the scope of our systematic review. The literature on that topic can
be reviewed elsewhere but includes the Mickley et al. study of 30
patients with MTS and acute iliac venous thrombosis® treated with
surgical intervention including transfemoral venous thrombectomy
and construction of a temporary inguinal arteriovenous fistula fol-
lowed by at least 12 months of warfarin anticoagulation with or with-
out the additional of angioplasty and endovascular stent placement.
More recently, Meng et al.,* reported management of acute throm-
bosis in 74 MTS patients prospectively randomized to thrombolysis

alone (N = 29) or thrombolysis in combination with angioplasty and
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TABLE 4 Antithrombotic therapy and thrombosis or occlusion outcomes

Stent outcomes

Antiplatelet therapy

Anticoagulant therapy

Demographics

# Patients with occlusion

Occlusion in
midterm

Duration of

Number of
study

research & practice X
haemostasis

in thrombosis &

or VTE recurrence within

12 months

Occlusion is

antiplatelet
therapy (m)

Antiplatelet
therapy
No

Off A/C at
6 months

1/6

INR

Mean
age

(12 m) phase

acute phase

No

Duration (m)

goal

Anticoagulant

participants

6

Article

PADRNOS anbp GARCIA

Variable but

Variable but

Goldman (2017)

delineated

described

(6—lifelong)

(Fondaparinux,

Enoxaparin,

Warfarin)
Warfarin

Yes

2-3
2-3

34

11

Husman (2007)

Kim (2017)

No

12

Aspirin and

Yes

Warfarin

61

clopidogrel

No

Variable but

1.5-2.5

13 63 Warfarin

Matsuda (2014)

delineated

(6—lifelong)

No

No

“Long-term”

2-3

Warfarin

48

Roy (2017)

A/C, anticoagulation; INR, international normalized ratio; m, months; VTE, venous thromboembolism.

2t is unclear the genders of the 6 patients who underwent stent placement in the Roy study. 7 patients identified, (6 female, 1 male), but 1 did

not have stent placement, unclear which gender. That patient not included in this systematic review.

endovascular stent placement (N = 45) with all patients anticoagu-
lated with warfarin adjusted to a goal INR 2.0-2.5 for a minimum
of 6 months. Follow-up ranged from 6 to 24 months, and stent oc-
clusion was assessed by imaging in 90% of participants (67 of 74)
revealing stent occlusion of 65% in the thrombolysis alone group (19
of 27) and 11% in the study group (5 of 45). This study could not be
utilized in our systematic review because patients were not followed
for a minimum of 12 months and the duration of anticoagulation was
not clearly delineated. While suggesting that endovascular stenting
may provide a role in the management of some cases of MTS, the
benefit of stent placement is not well established. We did not find
any evidence to address pertinent questions regarding stenting such
as the role for stenting in individuals without a thrombosis.

Left iliac vein compression syndrome is a nonpathologic variant
in some individuals, affecting possibly 25% of the adult population,
most of whom have never experienced thrombosis.® Population data
like these suggest that the presence of IVCS is unlikely to be the
sole contributor to thrombosis formation in MTS. Addressing IVCS
stenosis with angioplasty or stent placement therefore may not be
sufficient treatment in all patients with this anatomic anomaly. Since
a foreign intravascular device can be prothrombotic, some anticoag-
ulation therapy is almost certainly necessary, but the optimal type
and duration is unclear.

This review specifically evaluated the evidence informing an-
tithrombotic use in the post-stent setting of MTS patients with a
thrombosis. The optimal duration of anticoagulation or antiplate-
let therapy following stent placement is not known.'®> Our review
demonstrates that 12-month stent patency rate was high, ranging
from 60% to 96%, with the variety of antithrombotic management
described. As these were all retrospective studies with small sample
sizes, the decisions regarding specific antithrombotic therapy deci-
sions in the review may be due to varying risks of recurrence. Thus,
patients treated with longer-term anticoagulation may have been
deemed to be at higher risk of recurrent thrombosis. This illustrates a
need for prospective randomized studies with well-delineated base-
line thrombosis risk factor assessment. In agreement with others
who have published on this topic,'® we suggest assessing patients
with MTS and acute thrombosis for risk factors associated with VTE
recurrences and weighing the likelihood of future VTE against the
risk of antithrombotic-related major bleeding. In the presence of
major transient risk factors, such as surgery or estrogen exposure,
treatment with anticoagulation for a finite duration of 6 months after
stent placement (with or without subsequent antiplatelet therapy)
is reasonable. In the absence of a major transient risk factor (other
than the narrowed left iliac vein), the decision about whether to ex-
tend anticoagulation beyond 12 months is more challenging. In our
practice, for a young patient with an otherwise unprovoked DVT, we
consider discontinuing anticoagulation after 6-12 months of ther-
apy, especially if there is little or no evidence of venous insufficiency.

This review and its conclusions are significantly limited by
the paucity of data informing the use of antithrombotic therapy
following stent placement in patients with MTS presenting with
acute DVT. Our search strategy required 12-month follow-up



in thrombosis & haemostasis

|} t}] "
research & practice

PADRNOS ano GARCIA

%00T ‘9/9

%08 ‘0T/8

%96 ‘ST/VT

%8L ‘6/L

%09 ‘G/€

(syuow

ZT 1k 3|qenjend
350y} jo) syguow Z1
1e 394) JUIAD

pue Aduajed juals

144 T

€ [4

syjuow gT 3e syjuow gt Aq
994) SJUaAD SIUDAD JO #
sjuanjed JO #

"awo.puAs Jauiny |-Aey papis-1ysil pey 5z/T,
*UOISN|I20 JU3S ‘SISOQUIOIY} JUSLINDAL ‘SISOQUIOIY} JUB)S-UI SB paulap SIUSAT,
"WOJPUAS JauIny]-AeIA ‘S A (SISOqUIOIY] UIdA daap ‘| AQ ‘ShOUSAOLIdLIE ‘AY ‘UoljenSeodijue ‘) /y

ju93s + AysejdoiSue
10 JU93s + sIsAjoquiolyl

9 9 ON ,wJ33-8uoT, uliejIepn |edlueydswodoweyd (£107) Aoy
sisAjoquioayy (¥102)
€1/0T €1 ON d|qeleA Uliejlepy pa3d3.lip-193ay3e) epnsie
uliejiem Jayje
‘JedA T
J0J paquiosaid
|2430p sisAjoquioay}
52/ST ST -1do|d pue undsy syjuow 9 uliegIepn |edlueydawodouLieyd (£10T) Wiy
uoijew.oy ejnsiy AV
pue sisAjoquioly ] pue (£002)
I1/6 T oN syjuow 9 uliejIepn Awo32aquoly} |ed18ing uewsnH
sisAjoquioly}
juaned |eaiueyoswodoweyd
yoea 104 pajeauljap J0O SISAjoquioy} (£102)
9/S 9 ON S[qelIEA g ‘s|qerien p=312941p J93ayied uewpjoo
syjuow zT juswade|d juswijeasy Jayje uoneinp /vy juswieasy ainpadoid  (Jeak) sy
1e 9|genjeAs uals yum  Adessys 19193ejdnuy J9ye Snip J/y  juswasSeuew | AQ 3INDY
sidjOo#  pajeas LAQ3nde
Yyum sjusned SN #

S9WO02INO SISOQUIOIY} JUSLINJ2J pue UL} G J19VL



PADRNOS anbp GARCIA

” Lrpth.

research & practic

e
in thrombosis & haemostasis

which likely excluded studies with some information on antico-
agulant use in the post-stent setting because many studies used
“at least” or “a minimum of 6 months” of anticoagulation. We
accepted a lower number of studies included in order to exam-
ine the outcomes of patients after the traditional 6 months of
anticoagulation to compare outcomes between those who con-
tinued or discontinued anticoagulation after 6 months. Our in-
clusion criteria excluded some studies that did not clearly define
anticoagulant dosing and duration; the goal of this review was to
assess the impact of antithrombotic agents on stent outcomes.
Other studies that would not have been captured by our search
strategy would include those that did not incorporate our search
terms, conference proceedings, non-English language studies,
papers not included in the electronic databases utilized for our
search, or those unable to be obtained in full-text form for re-
view. All five of the included studies are retrospective. The 61
patients included in our analysis were managed with divergent
antithrombotic therapy. Thrombosis risk factors (including the
results of thrombophilia testing) was reported in only some of
the included studies. Unfortunately, no study reported on bleed-
ing complications during antithrombotic therapy. Key questions
remain unanswered for patients with MTS-associated thrombo-
sis: Are stents beneficial? Are direct oral anticoagulants effective
to prevent stent thrombosis? How long should systemic antico-
agulation (or antiplatelet therapy) be continued after stent place-
ment for MTS? Future studies should be prospective, with well
described baseline thrombosis risk factor assessment as well as
controlled duration of anticoagulation and follow-up after stent-
ing. Of course the studies that could provide the strongest infor-
mation in this setting would be randomized, controlled trials with
two groups treated with different therapeutic strategies.

In summary, patients with MTS diagnosed with left iliac vein throm-
bosis are often treated with endovascular intervention and stent place-
ment. Such patients almost certainly require antithrombotic therapy in
the post-stent setting. However, the optimal duration, type and inten-
sity of anticoagulation following stent placement for MTS is unknown.
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