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1  | OVERVIE W OF MAY-THURNER 
SYNDOME (MTS) PATHOPHYSIOLOGY AND 
CLINIC AL MANAGEMENT

Deep vein thrombosis (DVT) involves the development of a blood 
clot localized within the great veins of the body, commonly in the 
lower extremities.1 In the presence of May-Thurner syndrome 
(MTS), also known as iliac vein compression syndrome or Cockett's 
syndrome, patients are predisposed to an iliofemoral thrombosis due 
to an anatomical variant in which the right common iliac artery over-
lies and compresses the left common iliac vein against the lumbar 

spine.2-4 The chronic pulsatile compression from the right common 
iliac artery at the aortic bifurcation above the iliofemoral junction 
against the left common iliac vein results in impaired venous return 
and endothelial injury, leading to the deposition of elastin and colla-
gen with subsequent possible obstruction and extensive DVT of the 
ipsilateral extremity.5,6

Clinical phases of MTS include a prolonged asymptomatic period 
of left iliac vein compression followed by the gradual development 
of an intraluminal venous fibrous band (ie, spur), which can subse-
quently progress to an acute unilateral left iliofemoral DVT that 
can be accompanied either with or without a pulmonary embolism 
(PE).6,7 Patients that develop a left-sided DVT in the context of MTS 
are typically young adults that exhibit sudden swelling of the left 
lower extremity following surgery, during immobilization, or during 
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pregnancy and/or the postpartum period.3,6,8-12 The occurrence of 
MTS in adolescents has also been documented in various case re-
ports.13-21 While MTS does occur among men, it is more common in 
females though the reason for this has not yet been completely ex-
plained.22 Research suggests that a female's pelvis exhibits more of 
an accentuation of the lumbar lordosis that pushes the lower lumbar 
vertebrae anteriorly, thereby compressing the left common iliac vein 
against the right common iliac artery.2,12,23

In regard to treatment, due to the mechanical, pulsatile nature 
of the obstruction from the right common iliac artery, patients re-
spond poorly to conservative anticoagulation medicine therapy 
alone.3,6,24,25 Endovascular treatment, consisting of catheter-di-
rected thrombolysis using urokinase, was initially reported to be a 
safe and effective treatment for patients with an iliofemoral DVT 
in 1994.26 Among patients with an underlying venous stenosis, fol-
low-up venography consisted of either balloon angioplasty alone, or 
angioplasty with permanent stent placement.26 Since then, cathe-
ter-delivered thrombolytics and percutaneous mechanical throm-
bectomy, either with or without angioplasty and stent placement, has 
been standard of care for patients symptomatic with MTS.6,24,27-42 
Studies that have evaluated stenting of the left common iliac vein re-
port low morbidity, no mortality, a long-term high patency rate, and a 
low rate of in-stent restenosis.35,43-52 Postoperative therapy for MTS 
includes anticoagulation for at least 3 months to prevent rethrombo-
sis, and a retrievable inferior vena cava filter may also be considered 
for patients with a preexisting pulmonary embolism.6,50,53

2  | METHODS: IDENTIFIC ATION AND 
SELEC TION OF THE LITER ATURE

Relevant literature was identified by means of an electronic data-
base (PUBMED), using the following search terms: “May-Thurner 
syndrome OR iliac venous compression syndrome AND venous 
thrombosis.” This search was supplemented by hand searching of 
bibliographies of published studies, as well as previous reviews of 
MTS and DVT. Anatomical description of MTS was provided in au-
topsy studies, and later in case reports and case-control studies that 
utilized venography or other imaging methodologies. Information re-
garding diagnosis and endovascular treatment was provided in case 
reports, case series, and reviews of the literature.

3  | HISTORY OF UNDERSTANDING

In 1851, Rudolf Virchow first proposed that the increased incidence 
of venous thrombosis within the left lower extremity was a result 
of the right common iliac artery compressing the left common iliac 
vein.54,55 In the early 1900s, McMurrich56 reported that 32.7% of 
107 cadavers from an unselected population exhibited obstructions, 
or adhesions, within the left common iliac vein (Table 1). In 1943, 
Ehrich and Krumbhaar57 studied the iliac venous system among 399 
cadavers, and reported that left iliac vein obstruction occurred in Re
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33.8% of cadavers that were over 10 years old. Unlike McMurrich, 
who proposed that such obstructions at the site of the compression 
on the left common iliac vein were congenital in origin,56 Ehrich and 
Krumbhaar57 concluded these obstructions were acquired because 
they were composed of elastin and collagen, and were more com-
mon with increasing age.

It wasn't until 1957 that this syndrome was anatomically described, 
when the researchers May and Thurner2 reported that 22% of 430 
cadavers exhibited this anatomical variant with localized intraluminal 
fibrous bands, referred to as spurs, on the left common iliac vein. May 
and Thurner2 further postulated that these spurs were acquired from 
the chronic compression on the left common iliac vein via the over-
riding right common iliac artery. The pulsatile compression from the 
right common iliac artery was thought to cause increased irritation of 
the endothelium, which subsequently caused cell proliferation and the 
development of spurs within the left common iliac vein.2 In a different 
autopsy study, Negus et al58 reported that these fibrous bands, or ad-
hesions, joined the anterior and posterior wall of the left common iliac 
vein, and occurred among 14% of the 100 cadavers. Despite the fact 
that 54 cadavers had normal venous smooth muscle and did not have 
collateral veins, 29 (53.7%) of the 54 cadavers with normal iliac veins 
exhibited compression via the right common iliac artery, as evidenced 
by the presence of a partially translucent groove at the proximal end of 
the left common iliac vein.58

While initial research on MTS was based on autopsy studies from 
unselected populations, in 1965 Cockett and Thomas were the first re-
searchers that studied living patients symptomatic of an acute iliofem-
oral DVT from iliac vein compression syndrome, and used venography 
to describe the nature of the compression. These patients exhibited 
pigmentation, induration, and ulceration, as well as swelling and wide-
spread pain of the entire left leg.3 The average age of the patients with 
MTS was 23 years old, and half of the cases were under 20 years at 
onset.3 The mode of onset of DVT occurred following a brief immo-
bilization period, either postoperative, postpartum, or subsequent to 
a minor injury.3 The most common location of compression occurred 
at the mouth of the left common iliac vein where the right common 
iliac artery crossed over it.3 It was also demonstrated by Cockett and 
Thomas that the venous spur is an irreversible process, because the 
surgical repositioning to relieve the compression did not induce iliac 
vein recanalization.3 Cockett further postulated that patients could 
remain asymptomatic for an extended period of time, due to the devel-
opment of collateral veins that facilitated the bypass of the narrowed 
left common iliac vein.3,4,59

4  | DIAGNOSIS OF MAY-THURNER 
SYNDROME

Physical examination is insufficient to diagnose MTS, and the accu-
racy of Doppler ultrasound in imaging venous spurs among patients 
with suspected MTS is not convincing;6,29,30,60 it is technically dif-
ficult to image venous compression and stenosis via ultrasound due 
to the deep location of the iliac veins.61 Given the widespread use 

of ultrasound to confirm the presence of an acute DVT,60,62,63 many 
iliofemoral DVT cases associated with MTS could potentially go un-
diagnosed. As such, a challenge of MTS, which has likely hampered 
attempts to quantify prevalence of this condition, is related to the 
necessity of invasive imaging for accurate diagnosis.

Contrast venography using transvenous pressure measurements 
is the gold standard test used to diagnose MTS;64 the formation of 
collateral veins and a pressure gradient that is >2 mm Hg across the 
iliofemoral stenosis at rest are hallmarks of MTS.24,41,65 However, 
venography is typically not performed unless thrombolysis is antici-
pated, owing to its invasive nature and postprocedural complications 
(eg, phlebitis).66 Besides venography, other imaging techniques, 
such as multidetector computed tomography (CT) scans,15,41,67-83 
magnetic resonance venography (MRV),23,60,84-87 and intravascular 
ultrasonography,16,88-93 have been used to image iliac venous com-
pression and are described in Table 2.

5  | POSSIBLE UNDERESTIMATION 
OF CONTRIBUTION OF MTS TO THE 
POPUL ATION BURDEN OF DV T

Clinically recognized MTS accounts for only 2% to 5% of all 
DVTs.6,55,94 This is despite evidence that venous spurs on the left 
common iliac vein are present in one half to two thirds of patients 
with left-sided iliofemoral DVT.23,69,71 It has been speculated that 
the percent of DVTs due to MTS may be much higher than clinically 
recognized. This suspicion is supported by the disproportionately 
greater incidence of left-sided DVT,95-97 clinical studies that report 
significant iliac venous compression occurs in the majority of pa-
tients with left DVT,3,23,55,57 and presence of fibrous spurs in 22% to 
33% of cadavers.2,57 However, no population-based studies have yet 
been conducted to document the prevalence or incidence of MTS.

One possible reason for underdiagnosis of MTS is that it may 
be overshadowed by other more easily recognized risk factors. For 
instance, individuals with MTS may not be symptomatic until pro-
voked during instances of increased hypercoagulability, such that 
may occur during immobilization following surgery, after prolonged 
travel, during pregnancy, or during the postpartum period.

Another potential reason for the underdiagnoses relates to the 
relative difficulty in diagnosing this condition. As detailed above 
and in Table 2, although contrast venography is the gold standard 
for diagnosing MTS,65 it is time and resource intensive, invasive, re-
quires contrast, and can result with postprocedural complications.98 
Because of these limitations, venography has never been used as 
a systematic screening tool, and is only implemented during situa-
tions in which follow-up thrombolytics treatment is anticipated.64 
Doppler ultrasound, though widely used in the initial diagnosis of 
DVT because it is non-invasive and does not require radiation or 
contrast,99 is not a candidate for MTS screening because it is not 
sensitive enough to detect non-occlusive thrombosis and intralu-
minal spurts within the iliac veins. When weighting the strengths 
and limitations of various options that could be used to obtain 
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population-level estimates of the incidence and prevalence of MTS, 
clear contenders include using either pelvic CT scans, CT venogra-
phy, or MRV. Though expensive, they are noninvasive, do not require 
contrast and are low burden.

6  | UNCERTAINT Y IN THE DEGREE OF 
VENOUS COMPRESSION THAT LE ADS TO 
DV T

The reference standard for diagnosing MTS has been venography 
depicting narrowing of the left common iliac vein secondary to ex-
ternal compression, with intraluminal changes that are suggestive of 
spur formation.71 An issue with this diagnosis is that it lacks a pre-
cise definition for the degree of compression that may designate a 
patient at high risk for developing a DVT. Furthermore, it has been 
postulated that left common iliac venous compression may be a nor-
mal anatomic variant.68,71,79,84 Table 3 presents comparisons of the 
degree of iliofemoral venous compression between MTS patients 
and controls. As an example, in a case-control study, Carr et al74 re-
ported an average stenosis of 68% among 21 patients with a DVT 
due to MTS, while the 26 age-matched controls had an average ste-
nosis of 52%. The odds of DVT were increased by a factor of 2.18 
for each 10% increase in left iliac venous stenosis.74 This strongly 
suggests that greater iliofemoral venous stenosis is associated with 
increased DVT risk; but, the wide range of compression between 
patient groups suggests that the degree of stenosis alone is but one 
determinant in the development of a DVT.

Considering the prior text, anatomic compression on the left iliac 
vein may not be sufficient for diagnosing MTS; compression even 
in excess of 50% may be a common finding in patients that are as-
ymptomatic of venous thrombosis.71 Oguzkurt et al71 proposed that 
a threshold of 70% iliofemoral compression demonstrates severe 

constriction and underlying MTS among patients with a left iliofem-
oral DVT. Conversely, DVT can also occur when there is <70% iliac 
venous compression, and it is difficult to decipher whether or not 
there is underlying MTS at these compression levels. In sum, given 
the relatively high incidence of this anatomic finding in the general 
population and the relatively low incidence of lower extremity DVT 
in the general population, it has been suggested that mild venous 
compression alone may not represent an increased risk of develop-
ment of DVT. The current lack of knowledge of the degree of venous 
compression and stenosis that precipitates a DVT has complicated 
attempts to quantify the extent to which iliofemoral compression is 
a risk factor for DVT.

7  | NEED GRE ATER UNDERSTANDING OF 
THE EPIDEMIOLOGY OF MTS

Given that MTS may be an underappreciated contributor to DVT, fu-
ture research should quantify the prevalence of left iliac venous com-
pression and intraluminal venous spurs among apparently healthy 
adults (ie, 18-50 years old) in a population-based study. CT venogra-
phy may be an appropriate imaging technique for such a study. If the 
prevalence is determined to be reasonably high, it would be interest-
ing to prospectively (over the course of several years) repeat measure-
ments of the iliac veins, as this would provide insight of how venous 
compression and intraluminal spur formation changes with age. This 
information may be useful in identifying high-risk individuals that are 
predisposed to venous thrombosis in the context of MTS. Concurrent 
measurements of D-dimer could also be conducted in order to as-
sess whether concentrations of this biomarker of hypercoagulability 
correlates with the degree of iliac venous compression. Were that 
the case, D-dimer may have predictive value in estimating DVT risk 
among individuals with MTS. Studying racial and ethnic differences 

TA B L E  3   Comparisons on the degree of iliofemoral venous compression and stenosis between May-Thurner syndrome patients and 
controls

Reference Subject population Results

Oguzkurt et al70 MTS patients (n = 10), and controls (n = 14) The average percent stenosis of the left common iliac vein was 68% in the 
MTS patient group. Average diameter of the origin of the left iliac vein 
(3.5 mm) in patients with MTS was significantly smaller relative to that of 
the control group (11.5 mm)

Oguzkurt et al71 MTS patients (n = 34), and age- and sex-
matched controls (n = 34)

Average iliofemoral venous compression was 74% and 28% among patients 
with MTS and controls, respectively. Among the 34 patients with MTS, 
32.3% (n = 11) had <70% compression and 67.6% (n = 23) had >70% 
compression

Carr et al74 Patients with a left-sided DVT (n = 21), and 
age-matched controls (n = 26)

Average compression on the left iliac vein was 68% and 52% for DVT pa-
tients and controls, respectively. The odds of a DVT increased by a factor 
of 2.18 for each 10% increase in left iliac venous compression

Chen et al79 DVT patients (n = 79), and controls (n = 218) Patients with a left-sided DVT (n = 60) had an average compression on 
the left iliac vein of 77%. In comparison, patients with a right-sided DVT 
(n = 19) and control patients had an average venous compression of 38% 
and 49%, respectively. The odds of a DVT increased by a factor of 2.78 for 
each 10% increase in left iliac venous compression

Abbreviations: DVT, deep vein thrombosis; MTS, May-Thurner syndrome.
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in the prevalence of iliac venous compression and MTS might help 
explain why African Americans are at elevated risk of DVT.100 A case-
crossover analysis could also be conducted among individuals that 
developed an iliofemoral DVT due to MTS, as this study design may 
identify additional risk factors (eg, oral contraception, recent surgery, 
immobilization) that trigger DVT in the context of MTS.

In sum, many uncertainties exist regarding the prevalence of 
MTS and its pervasiveness in DVT, and it is possible that MTS under-
lies a greater proportion of DVT events than commonly perceived. 
As we await findings from studies that would shed light on the ques-
tions raised above, we hope to raise awareness about MTS as a po-
tential underlying factor for DVT, especially in young adult women 
symptomatic of an extensive left iliofemoral DVT with no previous 
history of hypercoagulability.
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