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Popliteal entrapment syndrome (PES) describes a set of 
symptoms related to compression of the popliteal artery, 
vein, tibial nerve, or any combination of the above in the 
popliteal fossa sufficient to cause neurovascular symptoms. 

Pathophysiology

The popliteal neurovascular bundle normally courses 
between the medial and lateral heads of the gastrocnemius 
muscle. When the knee is fully extended and locked, the 
medial and lateral heads of the gastrocnemius muscle relax, 
increasing their bulk. This increased bulk can result in 
popliteal vein compression, a normal variant, seen in 27% of 
healthy adults assessed with ultrasound (1) and observed as 

an incidental finding in 42% of limbs undergoing ascending 
venography (2). When pathologic, this entity is referred to 
as popliteal vein entrapment. The most common cause of 
popliteal vein entrapment is an anomaly of the medial head 
of the gastrocnemius muscle (2), such as lateral extension of 
the origin of the medial head of the muscle or an anomalous 
third head of the gastrocnemius muscle (3,4). Popliteal vein 
entrapment can be seen in combination with popliteal artery 
entrapment, with 10–15% of patients with popliteal arterial 
entrapment also demonstrating venous involvement (5), 
but less commonly can also occur in isolation. Other causes 
include excess adipose tissue in the popliteal compartment, 
popliteal fossa cyst, popliteal artery aneurysm, fibrous band, 
thickened perivenous fascia, popliteus muscle, muscular 
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hypertrophy without anomalous anatomy, and anomalous 
origin of the short saphenous vein (5-9). 

Historical context

The anatomic basis for entrapment was first described 
in 1879 by medical student T. P. Anderson Stuart, 
describing the popliteal artery as “pass[ing] almost 
vertically downwards internally to the inner head of the 
gastrocnemius. It reaches the bottom of the space by 
turning round the inner border of that head, and then 
passes downwards and outwards beneath it…” (10). In 1959, 
a similar anomaly was described by Hamming, who also 
described successfully surgical exploration and treatment 
for the first time with thrombectomy and repositioning 
of the head of the gastrocnemius muscle (11). The phrase 
“popliteal artery entrapment syndrome” was first used 
by Love and Whelan in 1965 (12) and became widely 
accepted to describe the anomaly. A 1967 case report by 
Rich and Hughes (13) in 1967 reported for the first time 
involvement of the popliteal vein. Unlike prior reports, 
they did not observe medial looping of the popliteal artery, 
but rather lateral attachment of the medial head of the 
gastrocnemius muscle to the mid-femur with resultant 
vascular compression. In 1978 Connell reported the first 
case of isolated popliteal vein entrapment (3). 

As recognition of PES has increased, so have attempts 
to categorize causative anomalies. An early classification 
system proposed by Rich et al. (14) described five types: 
Type 1 was abnormal course of the popliteal artery around 
a normally placed medial head of the gastrocnemius 
muscle; Type 2 was abnormal lateral attachment of the 
gastrocnemius muscle covering the popliteal artery; Type 3 
was due to accessory slips or heads of the medial head of the 
gastrocnemius muscle attached more laterally than normal; 
Type 4 was due to fibrous bands or the popliteus muscle 
causing compression of the popliteal artery; and Type 5 
included Types 1–4 but with popliteal vein involvement.

Clinical presentation

The most common presenting symptom is limb swelling (15),  
which may be in combination with other symptoms of 
chronic venous insufficiency such as below the knee edema, 
leg heaviness, varicosities, pain with ambulation in the 
absence of arterial pathology, dermal hyperpigmentation or 
venous ulceration. Despite these findings of chronic venous 
insufficiency, no superficial venous insufficiency is identified 

on venous duplex examination, or the patient may undergo 
endovenous therapy for superficial venous reflux with return 
of presenting symptoms shortly after the procedure, as 
described by Dijkstra (6). Patients can also present initially 
with venous thrombosis and require treatment before the 
diagnosis can be confirmed (16). 

Imaging and diagnosis

The initial test of choice is typically ultrasound. The popliteal 
vein should be evaluated with the knee flexed, and then 
with the knee extended with plantar flexion of the foot to 
evaluate for significant compression, indicated by decreased 
diameter of the vessel and/or decreased phasicity (17).  
However, as noted previously, changes in vessel caliber may 
be physiologic. CT venogram can be used to evaluate for 
compression and surrounding anatomy which may cause 
compression, but is limited by ionizing radiation exposure 
and more difficult timing for bright venous opacification (18).  
More recently, MRI with MRV has become an important 
modality for evaluation of venous compression. Like CT, 
MRI can characterize anomalous anatomy which may cause 
venous compression. Additionally, flow-sensitive sequences 
allow for assessment of venous flow direction, which 
can suggest hemodynamic significance of compression. 
Additionally, the availability of blood-pool contrast agents 
such as gadofosveset trisodium (Vasovist; Bayer Schering, 
Berlin, Germany) extends the window in which vascular 
images can be acquired up to 1 hour (19). When evaluating 
suspected venous disease, steady state imaging with this 
contrast agent has the advantage of increased vessel 
enhancement and potential to perform imaging in both 
the neutral position and with provocative maneuvers. The 
gold standard confirmatory test is ascending venography 
with provocative maneuvers, on which compression should 
be demonstrated with the knee fully extended and the foot 
plantar flexed (16,20). Popliteal compartment pressures or 
popliteal vein pressures can also be measured (2,6). 

Treatment and outcomes

Management is based on severity and type of symptoms. 
Patients presenting with thrombosis should be treated 
with anticoagulation, and possible catheter-directed 
thrombolysis as indicated. Mild symptoms can be managed 
with compression stockings. In those with concomitant 
popliteal arterial entrapment or more severe symptoms, 
surgical decompression with or without popliteal vein 
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reconstruction can be considered. Endovascular treatment 
such as angioplasty or stenting is also reported (21). 

Raju and Neglen (2) analyzed 30 patients undergoing 
surgical popliteal vein decompression with severance of 
the medial head of the gastrocnemius and release of any 
muscular and fibrous compression bands. After surgery, 
pain improved in 76% of patients and was completely 
resolved in 48%. Swelling improved in 63% and was 
completely resolved in 41%. Clinical outcome was 
considered excellent in 41% of patients and improved 
in 38% of patients. Hirokawa et al. (22) reviewed 11 
patients who underwent partial or total resection of the 
medial or third head of the gastrocnemius muscle under 
venographic and venous pressure measurement guidance for 
symptomatic popliteal vein entrapment and found 57% had 
symptom resolution and 21% had symptom improvement.  
Milleret (23) also reviewed a series of 11 cases of popliteal 
vein entrapment treated with surgical muscle/band 
section and aponeurectomy and demonstrated symptom 
improvement in 9/11 patients (82%). 

Garrie et al. described endovascular treatment of 14 
patients (21), with 5 patients undergoing angioplasty alone, 
4 treated with angioplasty and stenting in the same initial 
procedure, and 5 undergoing angioplasty only initially 
but requiring subsequent re-intervention. In total, 50% 
of patients underwent stenting. All patients demonstrated 
immediate improvement of symptoms in the first 1–2 weeks. 
Nine out of 14 (64%) remained asymptomatic throughout 
the follow-up period, which averaged 5 months. The other 
5 patients reported recurrence of symptoms and underwent 
secondary intervention, 2 with repeat angioplasty alone and 
3 with stenting. All reported resolution of symptoms after 
secondary intervention. No patient in this study underwent 
open surgical decompression within the follow-up period. 

Conclusions

Popliteal vein entrapment is a rare entity which can easily 
go undiagnosed. However, with improving awareness, it 
is a condition which should be increasingly considered 
in patients presenting with unexplained lower extremity 
swelling or other symptoms of thrombosis. Venography 
is the gold standard for diagnosis, but MRI offers a 
noninvasive option for both diagnosis and evaluation 
of etiology and should be considered in the work-up of 
popliteal venous entrapment.
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