
© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2016;6(6):582-592cdt.amegroups.com

Introduction

Extrinsic compression of venous structures can be caused 
by a wide variety of anatomical variants throughout the 
body. While this phenomenon can be seen incidentally in 
asymptomatic patients, there are several known syndromes 
that can lead to significant morbidity if left untreated. 
These syndromes are relatively uncommon (less than 1% 
of the general population), and are most commonly seen in 
young and otherwise healthy individuals (1). 

The pathophysiology is similar for all venous compression 
syndromes, with repetitive endothelial injury initiating the 
coagulation cascade, leading to acute thrombus. This may 
eventually progress to chronic deep vein thrombosis (DVT), 
venous occlusion or venous insufficiency (2). 

The clinical features of venous compression syndromes 
vary based on their anatomical location and can include 
pain, swelling, varicosities and hematuria (2). Suspected 
venous compression syndrome can be evaluated with several 
noninvasive imaging modalities including ultrasonography, 
computed tomography (CT) with venography (CTV), 

and magnetic resonance imaging (MRI) with venography 
(MRV) (1). The gold standard in diagnosis is digital 
subtraction venography (DSV) with multiple projections 
and obliquities (1). Intravascular ultrasound (IVUS) is an 
additional imaging technique sometimes performed during 
angiography to aid in both diagnosis and treatment.

Conservative measures are typically first-line treatment 
in the majority of cases, but invasive operative management 
is often necessary to correct the underlying anatomical 
cause of venous compression (2). Endovascular treatment 
options offer a minimally invasive approach to select cases, 
with several reports of long-term efficacy demonstrated in 
the literature (1). 

This article will discuss three of the most commonly 
encountered venous compression disorders, namely Paget-
Schroetter syndrome (PSS), nutcracker syndrome and 
May-Thurner syndrome. The pathophysiology and clinical 
features of each syndrome are discussed, as well as the 
pertinent diagnostic findings seen with a variety of imaging 
modalities. The optimal management of each syndrome 
will be described, with particular emphasis on endovascular 
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therapy based on our institutional experience and review of 
the literature.

PSS

PSS, also known as effort thrombosis, is a rare entity 
(estimated annual incidence of 1–2 cases per 100,000 in the 
general population) primarily seen in the dominant arm 
of young, physically active male patients (1,2). Anatomic 
abnormalities involving the thoracic outlet are thought to 
play a major role in the development of effort thrombosis. 
These include cervical ribs, congenital bands, hypertrophic 
scalene muscles or tendons, callus formation from prior 
fractures and abnormal insertion of the costoclavicular 
ligament (2,3). These conditions invoke a predisposition 
to subclavian vein compression exacerbated by vigorous 
and sustained upper extremity movements (2). As a 
consequence, repetitive microtrauma to the endothelium 
initiates the coagulation cascade and causes thrombosis (2,3).  
In addition, extrinsic compression of the vein directly 
impairs blood flow causing venous hypertension in the 

affected extremity and the development of collateral vessels 
in the neck and upper chest (2). 

Effort thrombosis is usually symptomatic with swelling 
and arm discomfort being the most frequent complaints (3).  
Other symptoms include arm heaviness, erythema, 
cyanosis and varicosities across the shoulder and upper 
arm (3). Symptom onset is usually acute or subacute, and 
patients often report a recent sports-related over-exertion 
of the affected arm (3). Post-thrombotic syndrome is the 
major source of morbidity associated with PSS, leading 
to significant disability caused by pain and swelling of the 
affected upper extremity (3). A recent systematic review 
showed that approximately 15% of all patients with upper 
extremity deep vein thrombosis (UEDVT), regardless 
of cause, develop post-thrombotic syndrome (4). Post-
thrombotic syndrome is more likely to occur with PSS than 
with other causes of UEDVT such as indwelling central 
venous catheters (3,5). Pulmonary embolism (PE) is an 
additional complication that may develop, although the risk 
is significantly higher with catheter-related UEDVT than 
with PSS (6,7).

Compression ultrasonography with color Doppler 
remains the preferred tool for initial evaluation of a patient 
with clinical features suggestive of UEDVT (Figure 1). 
Ultrasonography has the advantages of speed, portability, 
low cost and widespread availability with zero radiation and 
no contraindications that may be encountered with other 
modalities (3,8,9). Sonography is operator dependent and 
has a reported sensitivity of 78–100% and a specificity of 
88–100% for detecting acute DVT involving the axillary 
vein or more distal veins of the arm (10). Evaluation of the 
subclavian vein is often limited by the operator’s inability to 
apply adequate compression (2).

Cross-sectional studies such as CTV and MRV offer 
detailed anatomical evaluation of venous compression and 
can accurately estimate the degree of thrombosis (Figure 2).  
These modalities may also show secondary signs such as 
collateral vessel formation in cases of chronic occlusion 
or inflammatory changes secondary to acute thrombosis. 
Iodinated contrast is an obvious necessity in CTV, so 
a history of allergic reactions and/or renal failure may 
limit its utility. Although MRV is the most sensitive non-
invasive modality, it is not commonly used due to its high 
cost and limited availability (3). Cross-sectional evaluation 
is particularly important for treatment planning and in 
determining the indication for more invasive diagnostic 
work-up. 

The gold standard for diagnosis of PSS is DSV (2,3). 

Figure 1 Compression ultrasonography showing an acute deep 
vein thrombosis (DVT) of the brachial and subclavian vein in 
cross-sectional and longitudinal views. (A) Longitudinal view 
of the brachial vein (v) showing hyperechogenicity and lack of 
color Doppler flow. Adjacent brachial artery (a) demonstrates 
antegrade flow; (B) cross-sectional view of the subclavian vein 
showing hyperechogenicity, lack of color Doppler flow, and lack 
of compression, consistent with acute DVT. Adjacent subclavian 
artery (a) demonstrates normal color Doppler flow. 
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This is usually performed in conjunction with endovascular 
therapy. Positional venography is a specific technique used 
for PSS, which involves manipulating the patient’s affected 
arm in several positions including abduction and adduction 
to determine the extent of subclavian vein stenosis with 
and without compression (2). Venography can also help 
to identify chest wall and neck collaterals, which are 
usually a sign of subacute to long-standing chronic venous 
compression (2). Due to the increased availability of CTV 
and MRV, the role of conventional venography is now 
commonly reserved as an adjunct to endovascular treatment, 
and is not necessarily indicated as a confirmatory step prior 
to invasive surgical management (3).

The goals of treatment for PSS are to relieve the 
patient’s acute symptoms, prevent recurrent thrombosis, 
and avoid complications such as PE or post-thrombotic 
syndrome (2). There is currently no widespread consensus 
on an appropriate treatment algorithm given the low 
prevalence of the disease (3). The mainstays of treatment 
are conservative measures including bed rest, limb elevation, 
warm compresses and anticoagulation (2). However, the 
use of conservative therapy without accompanying surgical 
or endovascular treatment has been shown throughout 
the literature to result in high rates of residual symptoms, 
recurrent thrombosis and long-standing disability (3,11-13). 

Systemic thrombolysis with tissue plasminogen activator 
(TPA) is more effective than standard anticoagulation at 

treating acute thrombosis; however, this treatment carries 
an associated risk of major bleeding (3). Catheter-directed 
thrombolysis is safer and more effective than systemic 
thrombolysis in the treatment of DVT and recommended 
in all patients with acute to subacute presentation (14). 
Catheter-directed thrombolysis should ideally be performed 
in patients with symptoms lasting less than 2 weeks to 
increase the probability of treatment success (3,14,15). 
Most patients require prolonged infusion for 24–48 hours. 
Follow-up venography is typically performed after catheter-
directed thrombolysis to assess clot resolution and the need 
for additional treatment (Figure 3). 

While catheter-directed thrombolysis is effective in 
treating acute DVT, it does not address the anatomical 
compression of the subclavian vein. Because these patients 
remain at risk for recurrent thrombosis, many surgeons 
advocate for operative decompression of the thoracic 
inlet regardless of post-thrombolytic outcome (2,11). 
Other authors have shown successful long-term results 
following catheter-directed thrombolysis without surgical 
decompression (16). Lee et al. reported that less than 25% 
of patients who underwent local thrombolytic therapy 
needed surgical decompression after a mean follow-up 
of 13 months (16). These patients were treated with oral 
anticoagulation for 3–12 months after thrombolysis (mean 
5.2 months) (16). Recurrent thrombosis was more likely to 
occur in patients of younger age (less than 28 years old) and 
those that received stents during initial thrombolysis (16). 
Duration of anticoagulation therapy, history of trauma, 
patient sex, time delay to thrombolysis and degree of 
initial clot burden were not clinically significant predictors 
for recurrent thrombosis (16). Most surgeons agree that 
percutaneous venoplasty should not be attempted prior 
to surgical decompression. This practice can lead to even 
greater endothelial damage and potentially complicate 
further surgical treatment (17-19).

Surgical techniques for thoracic outlet decompression 
involve resection of the first rib with division of the 
scalene muscles and the costoclavicular ligament from 
either a transaxillary or infraclavicular approach (3). The 
infraclavicular approach is preferred by many due to 
the improved access to the costoclavicular ligament and 
subclavius tendon, two structures that are directly involved 
in compression of the subclavian vein (15). Both surgical 
approaches are complex operations that have significant 
risks such as pneumothorax, hemorrhage, or injury to the 
adjacent arteries and/or nerves (3). This underscores the 
need for further evaluation of endovascular options as first-

Figure 2 Axial contrast-enhanced computed tomography (CT) 
of the chest showing an enlarged left axillary vein (arrow) with 
a large amount of surrounding fat stranding. The engorged 
vessel with surrounding inflammatory changes indicates an acute 
development of venous hypertension as a result of more central 
venous obstruction and thrombosis, in this case at the level of the 
thoracic inlet. The lack of collateralized vessels also suggests an 
acute presentation. The contralateral axillary vein (arrowhead) is 
shown for comparison.
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line treatment in appropriate candidates.
Interventional radiologists play an important role in 

the immediate or delayed post-operative setting in certain 
cases of PSS. Molina et al. described a standardized 
treatment protocol for management of acute and chronic 
subclavian vein thrombosis secondary to thoracic outlet 
compression (15). In acute cases, catheter-directed 
thrombolysis is initiated immediately upon diagnosis and 
continued until clot resolution is demonstrated on next-
day venography. This is followed by surgical decompression 
with the application of a saphenous vein patch to the 
stenotic segment of subclavian vein (15). Ultrasonography 
is performed the day after surgery to assess for residual 
stenosis, followed by venography in equivocal cases (15). 
Balloon venoplasty, with or without deployment of a self-
expanding stent, can then be performed if there is evidence 
of residual stenosis on venography (15). In the case of 
chronic obstruction, a long saphenous vein graft is used to 
bypass the unsalvageable segment of fibrosed subclavian 
vein (15). This may be followed by venoplasty and possible 
stenting of the implanted graft (15). 

Stent implantation should never be performed without 
first ensuring adequate surgical decompression. Repetitive 
trauma in the setting of chronic compression invariably 
leads to irreversible stent occlusion, fracture, and fibrosis, 
potentially limiting future surgical options (15). Stenting 
after transaxillary resection of the first rib has also been 
suggested to cause re-occlusion due to the inadequate 
decompression provided by this surgical approach (15). 
Additionally, stenting should not be performed in a partially 
or completely thrombosed subclavian vein due to the risk of 

clot propagation into the pulmonary vasculature (20).

Nutcracker syndrome

The nutcracker phenomenon refers to compression of 
the left renal vein (LRV) between the aorta and superior 
mesenteric artery (SMA) due to an abnormally acute takeoff 
of the SMA (21). Nutcracker syndrome describes signs and 
symptoms related to renal venous hypertension secondary 
to aortomesenteric compression. A less commonly seen 
“posterior nutcracker syndrome” has also been described 
in patients with similar symptoms caused by a retro-
aortic renal vein being compressed between the aorta and 
vertebral column (22). Rarely cases of combined anterior 
and posterior nutcracker syndrome have been described in 
patients with a circumaortic LRV (23). 

Nutcracker syndrome is most commonly seen in young 
and middle-aged adults, particularly females with low 
body mass index (2). Increased pressure within the LRV, 
whether due to aortomesenteric compression or retro-
aortic compression, can manifest itself in a variety of 
presentations ranging from asymptomatic microhematuria 
to severe pelvic congestion syndrome (24). The most 
commonly reported symptom of nutcracker syndrome is 
hematuria, caused by rupture of thin-walled varices into the 
renal collecting system (25). Gonadal vein pain syndrome 
is another common manifestation, characterized as left 
flank pain radiating to the posteromedial thigh and buttock 
exacerbated by sitting, standing or walking (24). Left flank 
pain may also be due to renal colic, as a result of blood clots 
passing down the left ureter (24). 

Figure 3 Digital subtraction venography (DSV) of the left upper extremity and chest following local injection of iodinated contrast material 
through a sheath within the left brachial vein. (A) Prior to thrombolysis, there is abrupt termination of flow within the axillary vein at the 
level of the thoracic inlet (arrow), with redistribution of flow towards a multitude of collateral vessels within the neck (arrowhead); (B) 
following 24 hours of catheter-directed thrombolysis, there is restoration of flow within the subclavian and innominate veins extending to 
the superior vena cava. There is persistent stenosis (*) at the thoracic inlet, prompting referral to vascular surgery for decompression.
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Chronic renal venous hypertension may cause reflux 
into the left gonadal vein leading to dilation of the gonadal 
vein and the formation of paraovarian/parauterine varices 
in women or scrotal varices in men (26). A left-sided 
varicocele is commonly seen in men with nutcracker 
syndrome, who may present with scrotal pain or infertility. 
Enlarged paraovarian and parauterine varices causing 
chronic pelvic pain, pelvic pressure, dyspareunia, dysuria, 
and/or dysmenorrhea is seen in females with pelvic 
congestion syndrome. Orthostatic proteinuria is another 
common sign of nutcracker syndrome, with a relatively 
high incidence among pubertal-age patients (26). Unilateral 
left-sided abdominal varices are a somewhat specific finding 
sometimes seen with nutcracker syndrome. This sign may 
indicate a high degree of clinical significance, and should 
prompt the clinician to consider more invasive treatment.

Doppler ultrasonography is the preferred modality for 
initial assessment of suspected nutcracker syndrome, with a 
sensitivity of 78% and specificity as high as 100% (27). Peak 
velocity at the renal hilum and the point of aortomesenteric 
compression are often used in addition to measurements 
of the inner diameter of the LRV at these points (Figure 4). 
An anteroposterior (AP) diameter ratio of 5.0 and a peak 
velocity ratio of 5.0 are often used as general cutoff criteria, 
although this is not strictly followed if clinical presentation 
and other imaging characteristics are strongly suggestive (28).  
Ultrasound is also helpful in evaluating secondary 
manifestations of renal vein entrapment including enlarged 
gonadal veins, pelvic varices and varicoceles (29). 

Cross-sectional venography with CTV or MRV is often 
recommended as a next step in the workup of patients with 
clinical and sonographic findings suspicious for nutcracker 
syndrome (23). Cross-sectional imaging is useful in 

evaluating the anatomical course of the LRV and its related 
structures, as well as establishing the degree of pelvic varices 
and extrapelvic collateral vessels (2). Measurement of the 
aortomesenteric angle on sagittal images is often helpful 
for diagnosis. This should be approximately 90 degrees 
in normal patients, while most symptomatic patients 
affected by nutcracker syndrome have an angle of less than  
35 degrees (Figure 5) (24). Often a split-bolus technique may 
be used with CT in order to ensure optimal opacification 
of both the aortomesenteric angle and the LRV in the same 
imaging phase. CT venography is often preferred due to its 
lower cost and higher availability, although MRV may be 
offered as a radiation-free alterative for young or pregnant 
patients (23).

The gold standard in diagnosis of nutcracker syndrome 
is retrograde venography with reno-caval pressure gradient 
measurements (2). DSV accurately demonstrates the LRV 
at the point of compression and may show secondary signs 
of compression such as perirenal or periureteral collateral 
vessels, stagnation of contrast in the renal vein, and reflux of 
contrast into the adrenal or gonadal veins (22,23). A pressure 
gradient between the LRV and the inferior vena cava (IVC) 
measuring greater than 3 mmHg has historically been used 
for confirmatory diagnosis of nutcracker syndrome (2,23,25). 
However, in the era of advanced noninvasive cross-sectional 
imaging, conventional venography is usually not necessary 
for diagnostic confirmation. 

Patients with mild hematuria often benefit from a trial 
of conservative management. This is especially effective in 
patients younger than 18 years, as complete resolution of 
hematuria within 2 years has been reported in as many as 
75% of patients in this cohort (30). Conservative measures 
include modest weight gain for thin patients, elastic 

Figure 4 Axial ultrasonography with color Doppler of the left renal vein (LRV). (A) Greyscale ultrasound demonstrating significant decrease 
in caliber of the LRV as it crosses between the aorta (Ao) and superior mesenteric artery (SMA) towards the inferior vena cava (IVC). Liver, 
portal vein (PV) and vertebra are notated for anatomic reference; (B) color Doppler of the same anatomic region shows normal antegrade 
flow proximal to the aortomesenteric region shows significant turbulence (*) and elevated peak velocity.
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compression stockings for patients with pelvic or flank pain, 
and angiotensin inhibitors for patients with orthostatic 
proteinuria (2,31). 

In patients with significant hematuria, severe flank/pelvic 
pain or renal functional impairment, endovascular or open 
surgical treatment is often indicated (2). Several surgical 
options have been described in the literature, including 
medial nephropexy, gonadocaval bypass, transposition of 
the SMA and renal autotransplantation (2). Transposition 
of the LRV is currently the preferred approach due to its 
relative efficiency and low risk profile (2,32,33). In general, 
surgery is associated with a high rate of morbidity compared 
to less invasive methods. Complications include DVT, PE, 
retroperitoneal hematoma, paralytic ileus and adhesion-
related small bowel obstruction (32,34). 

Definitive surgical decompression is still the preferred 
treatment for young and healthy patients; however, those 
of greater surgical risk may benefit from a less invasive 
endovascular approach. Endovascular stenting of the renal 

vein has been reported for nutcracker syndrome with a 
promising safety and efficacy profile (34). Typically, a 
self-expanding nitinol or stainless steel stent is used. The 
distal end of the stent is deployed within the first major 
branch of the LRV in order to achieve adequate fixation 
(34,35). This can be performed with or without preceding 
balloon venoplasty (34). Patients are often treated with oral 
anticoagulation for at least 6 months after the procedure to 
prevent venous in-stent thrombosis (34). Complications of 
LRV stenting include stent occlusion due to fibromuscular 
hyperplasia, proximal migration of thrombus, and PE 
(2,23). Mid-term stent patency rates are encouraging but 
convincing long-term data has yet to be reported (34).

IVUS is an evolving technique used during endovascular 
treatment of nutcracker syndrome. This approach 
offers superior visualization of cross-sectional detail and 
assessment of venous stenosis (36). IVUS can also be used 
to optimize stent deployment and assess post-stenting 
treatment success (37). 

In men with left-sided varicocele, metallic coil 
embolization of the left gonadal vein can be performed 
in conjunction with LRV stenting (34). Embolization of 
the left gonadal vein and pelvic varices with coils and/or 
chemical sclerosants is an alternative approach for relieving 
pelvic congestion syndrome in as little as 24 hours, although 
data on its long-term efficacy is lacking (2,38). 

May-Thurner syndrome

Virchow first described iliofemoral DVT secondary to 
venous stasis in 1851, noting a 5-fold left-sided predominance 
in lower-extremity deep venous thromboses (39).  
It was not until 1956, however, that May and Thurner 
first illustrated the anatomical basis of iliac compression 
syndrome, defining the disease as left common iliac vein 
(CIV) compression by the right common iliac artery (CIA) 
against the spine and pelvic brim (40). The syndrome 
is seen in as many as 18–49% of patients with left-sided 
lower extremity DVT, predominantly affecting young to 
middle-aged females (2,41).

The pathogenesis of May-Thurner syndrome is unique 
to other venous compression syndromes due its direct 
relation to the CIA. In addition to the obvious extrinsic 
compression leading to stasis and hypercoagulability within 
the vein, there are intrinsic factors specifically resulting 
from the chronic pulsatile force of the overlying right CIA 
(40,42). This leads to endothelial damage and local intimal 
hyperplasia, which subsequently results in the formation 

Figure 5 Axial and sagittal computed tomography angiography 
(CTA)/computed tomography venography (CTV) with three-
dimensional (3D) reconstruction at the level of the aortomesenteric 
angle. A split-bolus technique was used to opacify both the arterial 
and venous structures in the same phase. (A) Axial CTA/CTV 
shows significant decrease in diameter of the left renal vein as 
it crosses between the aorta and superior mesenteric artery (*); 
(B) sagittal CTA/CTV shows a very acute aortomesenteric angle 
(arrow) measured at 15 degrees, with resultant compression of the 
left renal vein (arrowhead); (C) left anterior inferior oblique view of 
the nutcracker phenomenon using 3D reconstruction of the same 
CTA/CTV. The celiac axis has been removed from the viewing 
plane to facilitate evaluation of aortomesenteric compression.
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of webs, bands or spurs within the vein (43). These 
internal synechiae further exacerbate venous stasis and 
predispose to the development of acute and chronic 
DVT (2,40).

May-Thurner syndrome most frequently presents as 
acute left-sided iliofemoral DVT, characterized as sudden-
onset severe lower extremity pain and swelling (2). The 
risks of acute DVT are greater in patients with additional 
risk factors such as prolonged immobility, recent surgery, 
obesity and pregnancy (2). It is not uncommon for May-
Thurner syndrome to present as an acute PE without 
any history of lower extremity symptoms (44). Patients 
may alternatively present with chronic symptoms such as 
varicosities, hyperpigmentation, venous eczema or venous 
stasis ulcers (1,43). Phlegmasia cerulean dolens is a rare but 
lethal complication of severe iliofemoral vein thrombosis 
characterized as acute limb ischemia in the setting of 
near-total thrombosis of venous outflow (43). This entity, 
characterized as a massively swollen, blue, and mottled 
lower extremity, progresses to venous gangrene in as many 
as 40–60% of cases and carries a mortality of 20–40% (45).

Doppler ultrasonography is the most common modality 
used in the initial evaluation of lower extremity DVT; 
however, its utility in evaluating the iliac veins is limited due 
to their location deep within the pelvis (2,43). Assessment 
of the common femoral vein (CFV) can often provide clues 
to the interpreting radiologist if May-Thurner syndrome 

is suspected. Even if CFV patency without thrombus is 
demonstrated, a lack of respiratory variations or absence of 
response to Valsalva maneuver should prompt clinicians to 
consider a more proximal compression or obstruction (2). 

Cross-sectional venography with CTV or MRV has 
demonstrated both excellent sensitivity and specificity 
in the evaluation of lower-extremity DVT (2). These 
modalities are imperative for evaluating thrombosis within 
the deep pelvis due to the limitations of ultrasound in this 
location (Figure 6). MRV has particular advantages over 
CTV in May-Thurner syndrome, including the ability to 
demonstrate retrograde flow in the ipsilateral iliac vein 
and collateral veins, as well as superior differentiation 
of intraluminal thrombus from contrast mixing when 
compared to CT (2). 

DSV is the gold standard for diagnosis of May-Thurner 
syndrome and is usually performed in conjunction with 
endovascular treatment. Typical findings include reversal 
of flow within the left internal iliac vein, tortuous venous 
collaterals crossing the pelvis, and an enlarged ascending 
lumbar vein (Figure 7) (1,2,46). Assessment of the pressure 
gradient between the left CIV and IVC may also be 
performed, with a gradient of >2 mmHg indicating 
hemodynamic significance (2,41). IVUS is sometimes 
used as an adjunct to conventional venography, allowing 
real-time visualization of intraluminal abnormalities such 
as mural spurs, webs or intramural venous channels (2). 

Figure 6 Axial computed tomography venography (CTV) images of May-Thurner syndrome, with acute left common iliac vein thrombosis 
extending to the left external and internal iliac veins. (A) Axial CTV at the level of the common iliac vein confluence, demonstrating the left 
common iliac vein (long arrow) to be unopacified and enlarged compared to the right common iliac vein (short arrow). The proximal aspect 
of the left common iliac vein is severely compressed and barely visualized, directly posterior to the right common iliac artery (arrowhead) 
and anterior to the vertebral body; (B) axial CTV on the same patient acquired inferior to the iliac bifurcation demonstrates an enlarged, 
heterogeneously hypodense left external iliac vein (long arrow) and a normal right external iliac vein (short arrow). The external iliac arteries 
can be seen directly anterior to their respective external iliac veins. The left internal iliac vein (curved arrow) is enlarged and hypodense, 
with a significant amount of perivenous inflammatory fat stranding.
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Similar to its utility discussed in nutcracker syndrome, 
IVUS can also be used during endovascular stenting to 
facilitate accurate placement across the stenosed vessel.

Conservative methods such as compression stockings and 
systemic anticoagulation are appropriate initial treatments 
for early signs of May-Thurner syndrome. These are 
aimed at preventing or decreasing the symptoms of post-
thrombotic syndrome; however, conservative therapy 
alone is not adequate for long-term management due to 
its inability to address the underlying cause of venous 
compression (47). 

Several surgical decompression techniques have been 
described, including saphenous vein bypass, placement of 
the right CIA into a peritoneal sling, reimplantation of 
the left CIV onto the vena cava, venotomy with excision 
of intraluminal adhesions, and vein patch venoplasty (48). 
Surgical treatment has an overall success rate, defined as 
patency of the left CIV or venous bypass, of 40–88% (49).  
The current standard of care for treatment of acute 
iliofemoral DVT is, however, primarily reliant on minimally 
invasive endovascular therapy. Operative decompression is 
typically reserved as second-line treatment in cases where 
endovascular methods fail.

May-Thurner syndrome is perhaps the most well-

documented venous compression syndrome in regards 
to endovascular management. The current standard of 
care in acute iliofemoral DVT is urgent catheter-directed 
thrombolysis with mechanical thrombectomy, venoplasty 
and common iliac venous stenting (45). Many authors 
advocate emergently placing a retrievable IVC filter via 
transjugular approach prior to endovascular thrombolysis in 
order to prevent embolization of the significant clot burden 
from the CIV (45,50,51). This is followed by popliteal 
venous access from the prone position in order to gain 
access to the CIV (45). 

Early thrombolytic therapy, whether achieved through 
pharmacologic or mechanical methods, is thought to play a 
major role in preserving valve function and preventing post-
thrombotic syndrome (49,52). Pharmacologic thrombolysis 
is performed by direct infusion of TPA into the thrombosed 
vein 12 to 48 hours (45,48,53). Some authors prefer primary 
treatment with mechanical thrombectomy or pulsed 
infusion of TPA prior to stenting, followed by an additional 
12 to 48 hours of catheter-directed thrombolysis (45,54). 

Following thrombolysis, venoplasty with stent placement 
is the mainstay of endovascular treatment (45). This 
is typically performed with a large (10 to 16 mm) self-
expanding nitinol or stainless-steel stent across the stenosis 

Figure 7 Digital subtraction venography (DSV) of the left common iliac vein prior to and following stent placement for May-Thurner 
syndrome. (A,B) Transjugular venography prior to stent placement demonstrates abrupt termination of flow (arrow) within the left common 
iliac vein just prior to the inferior vena cava (IVC) confluence. A large ascending lumbar vein (arrowhead) is seen as well as deep pelvic 
varices (*). There is no flow within the IVC (location indicated by the descending transjugular venous catheter). Incidental note is made of a 
Greenfield IVC filter; (C) repeat venography following stent placement (arrow) shows restoration of patency to the left common iliac vein, 
with normal flow of contrast into the IVC and right common iliac vein.

A B C
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and into the IVC (45,48,49,51). All patients in whom stents 
are placed are typically treated with oral anticoagulation 
for at least 6 months (2). These patients are typically re-
evaluated in clinic with duplex sonography at 3 and/or  
6 months intervals following the initial procedure to ensure 
stent patency (49). In the event of stent occlusion or in-stent 
stenosis, attempts at revascularization are often performed 
successfully (51). Several studies have demonstrated long-
term primary and secondary patency rates as high as 78% 
and 95%, respectively, at 2-year follow-up evaluation (49,51).

In the absence of thrombus, patients with May-Thurner 
syndrome may be treated with venoplasty and stenting 
alone. This is typically non-emergent and aimed at 
relieving the anatomical compression to prevent or decrease 
symptoms. These patients may be managed post-stenting 
with anti-platelet therapy rather than anticoagulation, 
although evidence to support this practice is mainly 
theoretical and based on pre-existing data from arterial 
interventions (55).

In summary, endovascular stenting with catheter-directed 
thrombolysis is a well-documented initial treatment for 
May-Thurner syndrome. Endovascular therapy is currently 
the standard of care, and surgery is often reserved for cases 
of stent failure not amenable to additional endovascular 
treatment.
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