
© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2021;11(5):1104-1111 | http://dx.doi.org/10.21037/cdt.2020.03.07

Introduction

May-Thurner syndrome (MTS), also known as ilio-caval 
compression syndrome or iliac vein compression syndrome 
or Cockett syndrome is a clinical condition resulting from 
compression of the ilio-caval anatomical unit against the 
underlying bone by the overlying arterial system. The most 
common lesion is the compression of the left common iliac 
vein (LCIV) between the overlying right common iliac 
artery (RCIA) and the fifth lumbar vertebra. Other forms 
of compression also exist, such as the right sided MTS and 
caval compression (1,2). Most commonly presenting in adult 
women in their 3rd to 5th decade, the clinical presentation 
of MTS is variable and diverse. The management revolves 
around improving venous outflow from the affected limb. 
Minimally invasive endovascular procedures form the 
mainstay of treatment.

Pathophysiology

The occurrence of iliac vein compression is known from 
a long time. As early as 1851, Virchow noted that the 
compression of the LCIV by the RCIA was the cause of 
increased incidence of deep venous thrombosis (DVT) in 
the left lower limb (3). McMurrich, in his study of autopsied 
patients in 1908 noted that left sided iliac veins were more 
commonly obstructed than the right and deemed it to be 
congenital (4). Many years later, in a large study published 
by Ehrich and Krumbhaar, the congenital nature of this 
lesion was challenged, and they attributed the obstruction 
to an acquired venous valve defect (5). 

The landmark study by May and Thurner in 1957 
attributed this pathology to a thickening of the iliac vein 
wall by continuous irritation by pulsation of the overlying 
artery and they coined the term “spur” (6). In 1965, 
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Cockett and Thomas studied 29 patients for proximal vein 
thrombosis by per-trochanteric venography augmented by 
direct femoral vein venography and observed the stenosis/
flattening of LCIV. They also confirmed surgically the 
venous strictures and found that simple decompression 
does not re-canalize the vein. They also found that patch 
venoplasty was the best treatment for these patients (7).

The classical lesion is an extrinsic compression of the 
LCIV by the RCIA against the lumbar vertebra. Many 
authors address to this as May Thurner anatomy and do not 
associate it with any hemodynamic component (8). Though 
many people may harbor this anatomy, only a few people 
become symptomatic.

The term MTS is reserved for the symptomatic MT 
anatomy with symptoms of chronic venous insufficiency and 
a venous stenosis or obstruction accompanied by collaterals 
with or without DVT. The RCIA is considered to cause 
this partial obstruction by direct mechanical compression 
of the LCIV and also, the intimal hyperplasia in the LCIV 
due to the shear stress on the anterior and posterior walls 
of the LCIV secondary to the pulsation of the overlying 
RCIA contributes to venous obstruction and subsequent 
thrombosis (9).

Clinical presentation

MTS commonly affects women in their third to fifth 
decades of life, though is not confined to this group (6). 
The commonest presentation of these patients is that of 
venous hypertension. Patients may present with acute 
episodic (activity related) heaviness and swelling of left 
lower limb or venous claudication which is relieved with 
rest and leg elevation. This progresses to chronic venous 
insufficiency presenting with features of varicose veins, leg 
pigmentation or venous ulcers. A high degree of suspicion 
must be maintained to investigate these patients for iliac 
vein compression (10,11). 

Many a times, patients are investigated for iliac vein 
compression after standard ablative treatment for varicose 
veins such as saphenous vein ablation or perforator ablation 
fails to give the satisfactory results.

Sometimes, the first presentation may be that of DVT 
with painful left lower limb swelling. There may be no 
precipitating cause or the disease may first present during 
or after pregnancy (12,13). A history of recent use of oral 
contraceptive pills may be elicited (14).

Diagnosis

Unilateral swelling of the lower limb is commonly 
interrogated by physical examination aided by a venous 
duplex ultrasound of the affected limb. While color 
Doppler ultrasound is adequate and sensitive for the 
diagnosis of deep vein thrombosis and evaluation of varicose 
veins and venous incompetence, it is woefully inadequate 
to study the pelvic veins, especially the ilio-caval region. 
If the ultrasound is able to visualize the proximal CIV, it 
may demonstrate the lack or reduction of phasic variations 
of blood flow distal to the stenosis and turbulence (color 
mosaic) at the site of stenosis (Figure 1). The opposite 
side serves as a control. Venous collaterals, an important 
component of the diagnostic findings are poorly identified 
by ultrasound.

If MTS is suspected, given the right clinical setting, 
cross sectional imaging is necessary to evaluate the ilio-
caval region to identify the stenotic lesion. Multi-detector 
computed tomography (MDCT) venography or magnetic 
resonance (MR) venography are excellent imaging 
modalities to detect MT anatomy and demonstrate the 
presence of collaterals. Both, CT and MR venography 
have greater than 95 percent sensitivity and specificity 
for diagnosing MTS (15-17). Both the modalities have 
the added benefit of detecting spinal degeneration and 
anomalies of bone and vascular structures and other pelvic 
pathologies. 

MDCT venography demonstrates the compression 
of the LCIV by the RCIA, presence of bony spurs, deep 
vein thrombosis, and pelvic venous collaterals and helps in 
the exclusion of other compressive pathologies (Figure 2). 
Patients with suspicion of pulmonary embolism can also 
undergo a CT pulmonary angiogram in the same sitting. 
Jeon et al. (18) proposed a morphological classification 
based on CT venography which included 3 types—type 1 
was focal compression of the iliac vein by the artery, type 2 
was diffuse atrophy of the iliac vein up to its formation, and 
type 3 was a thin, cord-like iliac vein in its entire length. 
This classification has a bearing on the treatment strategy 
as the fibrotic ones pose a challenge for balloon dilatation 
prior to stent placement. 

MR venography, though uncommonly done for 
diagnosing MTS, is as accurate as CT in diagnosing the 
vascular compression, deep vein thrombosis and pelvic 
venous collaterals. In addition to the post contrast MR 
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Figure 1 A 51-year-old male with left leg swelling and prior history of recurrent left leg DVT. USG color Doppler showed normal respiratory 
variation in right common femoral vein (A) and diminished respiratory variation in left common femoral vein suggesting proximal obstructive 
lesion (B). Post contrast MR venogram (C,D) demonstrated compression of left common iliac vein (C, arrow) by right common iliac artery (C, 
arrowhead) and cross pelvic collaterals (arrow) (D). Axial MIP time-of-flight MR image (E) showed hemodynamically significant left common 
iliac vein compression (arrow) with non-visualized left internal iliac vein suggesting flow reversal in left internal iliac vein. Intravascular 
ultrasound (F) showed small caliber left common iliac vein at the site of crossing by right common iliac artery. Post stenting intravascular 
ultrasound (G) showed restoration of lumen of the left common iliac vein. Catheter venogram (H) showed significant narrowing of left 
common iliac vein with cross pelvic collaterals. Post deployment of VICI (Boston Scientific, USA) stent (I), there was restoration of lumen 
with absence of pelvic collaterals. Three months after stenting, axial (J) and coronal (K) reformatted images of MDCT venography showed 
widely patent stent (arrow) with normal lumen of the left common iliac vein. The patient’s symptoms of left leg swelling resolved at 3 months. 
DVT, deep venous thrombosis; USG, ultrasonography;  MR, magnetic resonance; MIP, maximum intensity projection.

venography study (Figure 1), a time-of-flight (TOF) 
sequence (Figure 1) may identify flow reversal in the 
internal iliac vein (as such, no signal on 2D TOF) ipsilateral 
to common iliac vein compression and enlarged ascending 
lumbar vein in case of a tight iliac stenosis (19). Newer 
techniques like 4D flow MR venography may provide 
interesting insights into the flow dynamics like velocity 
and direction with superior temporal resolution in these 
patients; however there is lack of comprehensive evidence 

(20,21). One disadvantage of extracellular MR contrast 
agents is that they behave like iodinated contrast media 
with limited time window for imaging and need for repeat 
contrast administration if the initial imaging is suboptimal. 
This apparent glitch can be overcome by using blood-pool 
contrast agents (BPCA) which can remain in circulation for 
prolonged periods and thus allow a reliable and repeatable 
examination (22). Gadofosveset trisodium (Ablavar®, 
Lantheus Medical Imaging, North Billerica, MA) is the 
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Figure 2 Axial (A) and coronal (B) reformatted images of MDCT venography of a 37 years old female with left lower limb swelling showing 
compression of left common iliac vein (arrow) by right common iliac artery (arrowhead) with thrombus in left common iliac vein. Suction 
thrombectomy was performed using Angiojet (Boston Scientific, USA). Catheter venogram (C) performed after suction thrombectomy 
showed proximal left common iliac vein stenosis. Balloon dilatation (D) was performed using 8mm balloon. Self- expanding stainless steel 
stent (Wallstent, Boston Scientific, USA) (E,F) was deployed with restoration of caliber and flow across left common iliac vein. MDCT, 
multi-detector computed tomography.
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most commonly used BPCA for venous imaging. Another 
agent that has been used as a blood-pool contrast off-
label is Ferumoxytol, a superparamagnetic intravenous 
iron supplement, FDA approved for patients with anemia 
of renal failure. The contrast effect is due to the strong 
shortening of T1 and T2* by the iron supplement. 
Circulation times are longer owing to its larger size and 
carbohydrate coating, making it suitable as a blood pool 
agent.

The finding of iliac vein compression in a solitary CT/
MR examination should be interpreted with caution and 
corroborated with a prone scan if feasible, as the volume 
status of the individual influences the degree of compression 
of the iliac vein. Hence, it is recommended that the patient 
is well hydrated to achieve optimal volume status before 
any cross sectional imaging (23). Hydrating the patient 
with 1–2 litres orally within one hour prior to imaging has 
been shown to improve the specificity of diagnosis (24). It is 
estimated that iliac vein compression of 65% or less may be 

seen in normal individuals (25). As such, demonstration of 
pelvic venous collaterals and identification of iliac vein spur 
are important to assess the hemodynamic significance of 
iliac vein compression.

In the past decade, intra-vascular ultrasound (IVUS) 
has steadily found increasing use in the diagnosis and 
management of MTS. During the interventional procedure, 
IVUS can help in documenting and localizing the cause of 
iliac venous obstruction—spurs and intimal lesions from 
chronic adherent thrombus. It can also show the dynamic 
compression by the overlying artery (Figure 1). In addition 
to helping in re-canalizing the chronic occlusion, it can 
assess response of MT lesion to angioplasty and stent 
placement (Figure 1) and presence of residual thrombus thus 
aiding in continuation of lysis.

Catheter venography has traditionally been considered 
the gold standard for diagnosis of MTS. However due 
to its invasive nature, it is nowadays reserved for cases in 
which endovascular intervention is planned or diagnosis 
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by non-invasive modalities is equivocal. Venography can 
demonstrate acute thrombosis within the iliac vein or the 
ilio-femoral veins. Chronic cases are associated with stenosis 
or occlusion of LCIV with pelvic and retroperitoneal 
collaterals (Figure 1) and flow reversal in ipsilateral internal 
iliac vein. Hemodynamic pressure gradient measurement is a 
valuable adjunct in confirming presence of significant stenotic 
lesion associated with MTS. May and Thurner (6) advocated 
measurement of pressure difference between the iliac veins 
(2 mmHg at rest, 3 mmHg during exercise), whereas Ferris 
et al. (26) advocated any gradient between the IVC and 
left iliac vein for diagnosis of hemodynamically significant 
obstruction.

Management

Patients with May-Thurner anatomy largely remain 
asymptomatic or do not seek medical advice for mild or 
non-troubling symptoms. In the minority of patients with 
symptoms, who are branded as MTS, there are two patient 
groups. The first group manifests with acute or recurrent 
proximal DVT, commonly involving the left lower limb, 
often unprovoked or with trivial triggers. The second group 
has a spectrum of clinical presentations of chronic venous 
insufficiency. 

Among patients presenting with acute proximal DVT 
(<14 days duration), MTS should be suspected if there are 
risk factors such as young age, female sex, oral contraceptive 
intake, left lower limb involvement, etc. Careful evaluation 
with non-invasive imaging (Doppler,  CT or MR 
venography) should be performed prior to consideration of 
endovascular therapy. Secondary causes such as pelvic mass 
or pregnancy have to be looked for, apart from assessing the 
extent of DVT. 

The results of ATTRACT trial (27) suggested that 
catheter directed thrombolysis was not superior to systemic 
anticoagulation in patients with acute lower limb DVT. 
However, in the subgroup of DVT patients with MTS, 
clearing the thrombus load and establishing an outflow still 
forms the cornerstone of management (24-26). Patients 
who are eligible for thrombolysis should be strongly 
considered for pharmaco-mechanical thrombolysis for 
maximal thrombus clearance and assessment of underlying 
iliac stenosis, followed by angioplasty and stenting of 
the underlying stenotic lesion. Isolated catheter directed 
thrombolysis or mechanical thrombectomy can be chosen 
based on individual patient factors, expertise and availability 
of the devices. Newer techniques such as rheolytic 

thrombectomy with Angiojet (Boston Scientific, USA) or 
rotational thrombectomy (Cleaner-XT, Argon medical, 
USA) are additional options.

All patients of MTS with acute DVT should be started 
on anticoagulation at the first instance. The choice of initial 
anticoagulation is an intravenous infusion of unfractionated 
heparin titrated against activated partial thromboplastin 
time (aPTT). The use of a prophylactic IVC filter before a 
definitive clot removal procedure is not recommended (28).  
Some authors suggest use of IVC filters in the presence of 
large volume or free floating IVC thrombus, resistance or 
contraindication for anticoagulation or history of recurrent 
pulmonary embolism. If needed, an IVC filter is placed 
through the contralateral femoral access or jugular venous 
access. However, the incidence of pulmonary embolism 
is very low in MTS due to the protective effect of venous 
stenosis (29). 

Patients with isolated iliac vein thrombosis (minority) 
can have an ipsilateral common femoral venous access for 
the procedure. More commonly though, the femoral and 
popliteal veins are simultaneously involved along with the 
iliac vein, requiring a popliteal venous access. The choice 
of sheath size depends on the technique of recanalization. 
Various catheters (e.g., Indigo, Penumbra, USA) and lytic 
agents (Alteplase or Urokinase) can be used based on 
operator preference. During catheter directed thrombolysis, 
the sheath is flushed with heparin as a continuous infusion. 
Once there is near total or reasonable recanalization, 
the underlying stenosis at the iliac venous segment can 
be unmasked (Figure 2). Caution should be exercised in 
grading venous stenosis during venography as the iliac 
vein is compressed or flattened anteroposteriorly leading 
to a “pancake” effect on the angiographic image in the 
frontal projection (29). Various oblique projections may be 
needed for accurate estimation of stenosis. Intravascular 
ultrasound (IVUS) can help in locating and grading the 
stenosis. An appropriately long balloon of 8 mm or 10 mm 
diameter is used to perform an initial angioplasty (Figure 2).  
The results of angioplasty alone are traditionally below 
par when compared with stenting, irrespective of the post 
angioplasty result (30). At this point, an IVUS can help 
assess the response to plain balloon angioplasty and confirm 
the landing zones for the stent if required. Self-expanding, 
Stainless steel stents (Wallstent, Boston Scientific, USA) are 
preferred, because of their higher radial force, long length 
and flexibility (Figure 2). However, these stents come with 
niggles of their own; difficulty in precise placement and 
possibility of foreshortening being a few. As a principle, 
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balloon mounted stents should be avoided as they can be 
deformed by the arterial pulsation. Multiple stents should 
also be avoided as they increase the incidence of in-stent 
stenosis (31). The primary patency rates at 1 year and 5 years  
were 93.2% and 74.5% respectively and the secondary 
patency rates at 1- and 5-year at 100% and 92% respectively 
in one single center experience (31). The 6-year primary 
patency rate of iliac venous stents is close to 79%, which 
exemplifies the role of stenting in this setting (32). The 
distal (downstream) landing zone is still a debatable topic 
(33). The Wallstent, being a braided stent, is weakest 
at its ends and this makes the stent vulnerable to being 
crushed by the culprit RCIA. Hence the interventionists 
overcome this by landing it in the lowermost vena cava 
apposing the right lateral wall. But the problem with this 
technique is it induces a pseudo-intima formation over 
the caged right common iliac vein surface of the stent 
resulting in increased incidence of venous thrombosis on 
the covered side. Newer dedicated laser-cut nitinol venous 
stents such as the VICI (Boston Scientific) (Figure 1) (34)  
and VENOVO (Bard) (35) stents have high patency rates 
and excellent precision at the time of deployment. These 
stents have higher resistive radial strength preventing the 
collapse or crushing of the stent by the right common iliac 
artery and hence can be deployed flush with the ostium of 
the LCIV. Following the procedure, patients are switched 
to oral anticoagulation for a period of 6 months and low 
dose aspirin thereafter. The choice of oral anticoagulation 
post endovenous therapy is not adequately evaluated in 
literature. A systematic review of the studies examining 
endovenous therapy for MTS, revealed that warfarin 
has been the most commonly used anticoagulant (36).  
The newer oral anticoagulants, apart from being equally 
efficacious, certainly have benefits over warfarin including 
reduced bleeding complications and avoidance of periodic 
monitoring. Periodic follow up with ultrasound or CT 
venography at 1, 3, 6 and 12 months and thereafter 
yearly for stent patency and symptomatic recurrence 
is important for early diagnosis of stent occlusion and 
retreatment. Treatment failures are very rare unless 
there is residual stenosis anywhere in the dilated/stented 
segment, incomplete clot clearance, suboptimal inflow 
from femoropopliteal veins or noncompliance to optimal 
anticoagulation. An immediate treatment failure in the 
form of acute stent re-thrombosis is addressed with a relook 
endovenous therapy with correction of the causative factor. 
Delayed presentation with stent occlusion is approached 
according to the clinical findings. If the symptoms are 

subacute or chronic, of mild severity, usually after cessation 
of anticoagulation, with well collateralized stent occlusion, 
then a conservative strategy with reinitiation of lifelong 
anticoagulation is advised. Alternatively, if there is acute 
onset severely symptomatic venous thrombosis, a repeat 
endovenous intervention is preferred. 

MTS pat ients  present ing with chronic  venous 
insufficiency (recurrent edema, dermal changes, and 
superficial venous reflux) will also benefit from angioplasty 
and stenting (26). These patients can undergo non-
invasive imaging (MDCT/MR venography) to establish the 
diagnosis. Superficial venous reflux disease can be treated 
with ablative techniques with simultaneous treatment of the 
iliac venous stenosis (37). After the procedure, the patient 
can be put on dual anti-platelets for a period of 6 months 
and low dose aspirin indefinitely. All patients should be 
advised to wear thigh or knee-high compression stockings 
to prevent recurrence of symptoms. 

Surgical treatment, although feasible, is not preferred, 
as it is associated with morbidity and poor results. Femoral 
venotomy and clot de-bulking can be done if there is 
a contraindication for thrombolysis, but it is seldom 
performed these days with advancements in endovascular 
thrombectomy techniques. 

Conclusions

MTS is an under-diagnosed entity and should be considered 
when evaluating left lower limb DVT. A low threshold 
for cross sectional imaging such as MDCT venography 
and MR venography should be maintained in the correct 
clinical setting. Early diagnosis and appropriate treatment 
with pharmaco-mechanical thrombolysis with angioplasty 
and stenting will minimize the delayed morbidity of post-
thrombotic syndrome.
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