
Popliteal artery entrapment syndrome

• PAES is a clinical syndrome resulting from the compression of the 
popliteal artery within the popliteal fossa due to extrinsic anatomic 
entrapment by muscular or ligamentous structures. In young, athleti-
cally fi t patients presenting with intermittent claudication, PAES may 
account for as many as 60% of cases [1]. Although several subtypes 
of PAES have been described, the majority of cases are a result of an 
anatomic abnormality resulting in malpositioning of the popliteal 

Atherosclerosis is the most common cause of vascular 
insuffi ciency to the lower limbs. In addition to athero-
sclerosis, uncommon nonatherosclerotic vascular disor-
ders may present with exercise-induced limb discomfort, 
including popliteal artery entrapment syndrome (PAES), 
cystic adventitial disease (CAD) of the popliteal artery, 
fi bromuscular dysplasia (FMD) of the lower-extremity 

arteries, and endofi brosis of the iliac artery. Careful 
attention to presenting features, clinical examination, 
and diagnostic testing can help differentiate these 
unusual causes of claudication from atherosclerosis 
(Table 1). Treatment and prognosis are specifi c to each 
syndrome. These entities are described in detail in the 
following text.
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Opinion statement
In the general population, vascular causes of exercise-induced limb discomfort are 
most often the result of peripheral artery disease (PAD) due to atherosclerosis. How-
ever, several other clinical entities can often mimic the symptoms of atherosclerotic 
PAD of the lower extremities, particularly among younger patients with fewer risk 
factors for atherosclerosis, who often are more athletically fi t than patients with 
PAD. Treatment for these entities often requires percutaneous or surgical interven-
tion. This article reviews four uncommon vascular causes of exercise-induced limb 
discomfort: popliteal artery entrapment syndrome, cystic adventitial disease of the 
popliteal artery, fi bromuscular dysplasia of the lower-extremity arteries, and endo-
fi brosis of the iliac artery.

Introduction
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artery with respect to the gastrocnemius muscle, popliteus muscles, or 
a fi brous band. The prevalence of these anatomic abnormalities was 
reported to be as high as 3.5% in a postmortem study [2], but the in-
cidence of the clinical syndrome was 0.165% in a series of young men 
entering the Greek military [3].

• In general, patients are young, healthy, athletic males, but those with 
other anatomic variants may present later in life or with sedentary 
lifestyles [4]. In type I PAES, the popliteal artery is displaced medially 
to the normally located medial head of the gastrocnemius muscle. In 
type II, the medial head of the gastrocnemius muscle arises from an 
abnormal lateral origin as the popliteal artery passes medially. In type 
III, the artery is compressed by an accessory muscle slip arising from 
the gastrocnemius head. The type IV variant results from a fi brous 
band across the popliteus muscle compressing the popliteal artery. Any 
involvement of the popliteal vein in combination with the previous 
types is considered type V or popliteal venous entrapment syndrome 
[5]. A subgroup of patients with functional PAES (type VI) has been 
described with normal anatomy and a hypertrophied gastrocnemius, 
soleus, or popliteus muscle. In contrast to those with types I through 
V, these patients are younger (mean age 24 years), more commonly 
female, and almost exclusively well-conditioned athletes or highly 
physically active [4].

• PAES usually presents with intermittent claudication of the calf with ex-
treme exertion in an athletically fi t patient. However, with time, repeated 

Table 1. Diagnosis and management of unusual causes of claudication

Parameter
Popliteal 
artery entrapment

Cystic 
adventitial disease

Fibromuscular 
dysplasia Endofi brosis

Demographics Usually < 60 years old
Male > female

40–50 years old 
Male > Female

Female > male 
(extrapolated from 
renal FMD)

30- to 50-year-old 
competitive athletes

Clinical presentation Distal calf claudication
Rarely critical limb 
ischemia or distal 
embolization

Sudden onset of claudi-
cation, may be waxing 
and waning

Claudication Proximal limb claudica-
tion in cyclists or 
other high-perfor-
mance athletes

Physical diagnostic 
maneuvers

Diminished pulses with 
plantar/dorsifl exion

Ishikawa’s sign: loss of 
pedal and/or popliteal 
pulses with knee fl exion

None Iliac fossa bruit after 
provocative exercise

Diagnostic testing Exercise PVR or ABI
PVR or duplex ultrasound 
with foot plantar and 
dorsifl exion

MR or CT angiography 
with foot plantar and 
dorsifl exion

Invasive angiography 
with foot plantar and 
dorsifl exion

MR 
Duplex ultrasound
Angiography may 
demonstrate hourglass 
or scimitar sign

Duplex ultrasound
CT angiography 
Contrast angiography

Duplex ultrasound
Exercise PVR or ABI
CT angiography
Contrast angiography 
with thigh hyperfl exion

Treatment Surgical release of 
entrapment

Surgical bypass with 
interposed saphenous 
vein graft

Percutaneous aspiration 
with CT or ultrasound 
guidance

Surgical excision
Surgical bypass

Percutaneous trans-
catheter angioplasty

Surgical endarterectomy 
and vein patch

Surgical resection or 
arterial shortening

Arterial release
Percutaneous trans-
luminal angioplasty 
with stent

ABI—ankle-brachial indices; FMD—fi bromuscular dysplasia; PVR—pulse volume recording.
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trauma to the artery may result in true stenosis or even complete occlu-
sion of the artery, potentially even resulting in chronic or acute critical 
limb ischemia. Poststenotic dilatation may result in aneurysm formation 
and resultant distal embolization [1]. On physical examination, pulses 
may diminish with plantar or dorsifl exion of the foot, although this fi nd-
ing is not specifi c to PAES.

• Diagnosis may be achieved with pulse volume recording (PVR), ankle-
brachial indices (ABI) with segmental pressures, or duplex ultrasonog-
raphy. These tests should be performed by a skilled vascular technolo-
gist with the patient’s knee extended and his or her foot in the neutral, 
forced plantar-fl exed, and dorsifl exed positions. Symptom-limited 
“stress testing” with ABI or PVR after exercise (eg, treadmill testing at 
2.0 miles/h, 10%–12% grade) may demonstrate an absolute reduction 
in arterial pressure in the affected limb.

• Axial imaging with CT angiography (CTA) or magnetic resonance angi-
ography (MRA) with the knee extended and foot in the neutral, plantar-
fl exed, and dorsifl exed positions will demonstrate arterial narrowing and 
identify the particular PAES anatomy and subtype. However, the gold 
standard for diagnosis remains diagnostic contrast angiography with 
provocative maneuvers. Turnipseed [4] proposed a useful diagnostic 
algorithm based on his evaluation of 240 patients. In patients less than 
55 years of age presenting with intermittent claudication, testing should 
begin with ABI/PVR with exercise. If abnormal, vascular imaging should 
be performed with contrast angiography or MRA with dynamic plantar 
and dorsifl exion of the foot. If initial exercise PVR is normal, duplex 
ultrasound or PVR with dynamic fl exion should be performed, with any 
abnormalities proceeding to vascular imaging with MRA or contrast 
angiography as described earlier.

Surgery
• Surgery is recommended in all patients presenting with types I to IV 

PAES, because the natural history of PAES often results in arterial degen-
eration, occlusion, or distal embolization that necessitates more complex 
surgical intervention [1].

• In patients with functional (type VI) PAES, cessation of strenuous physi-
cal activity generally results in improvement or resolution of symptoms. 
Surgical management for functional PAES is controversial and best 
reserved for patients with severe and classic symptoms [4].

• A few cases of catheter-based embolectomy, catheter-directed throm-
bolysis, and percutaneous transcatheter angioplasty (PTA) have been 
described before muscle release in patients presenting with thrombosis 
or occlusion due to PAES, potentially sparing the use of surgical vein 
grafts [6]. However, this technique has not been adopted widely and is 
not recommended because of a lack of long-term follow-up data and 
concerns over arterial damage persisting despite release.

Standard procedure
In cases of type I, II, or III PAES involving a healthy underlying artery, 
release of the entrapment is achieved with surgical division of the medial 
head of the gastrocnemius muscle with exploration for abnormal muscle 
slips. In these patients, long-term patency is excellent.

If the artery has deteriorated or is thrombosed, or if an aneurysm has 
developed, saphenous vein interposition grafting is advised in addition to 
the release procedure.



      Unusual Causes of Intermittent Claudication     Korngold and Jaff     159

Contraindications
Inability to undergo vascular surgery because of anatomic or comorbid 
medical conditions.

Complications
Complications arising from vascular surgery and anesthesia.

Cost/cost-effectiveness
Surgical treatment is relatively expensive but usually defi nitive. There are 
no acceptable alternatives for comparison.

Cystic adventitial disease

• CAD is a rare cause of intermittent claudication, usually affecting men in 
the fi fth decade of life. It results in progressive obliteration of the arterial 
lumen by mucoid cysts that form within the adventitia. The exact nature 
and etiology of the cysts are controversial. Four theories have been 
proposed: the synovial or ganglion hypothesis, developmental or embryo-
logic theory, local trauma, or systemic disease. The fi rst two theories have 
received the most support in the literature [7•]. The synovial hypothesis 
derives from the histologic and biochemical similarities to ganglia, and 
holds that these cysts arise from synovial structures that enlarge and 
track during development or later to involve the adventitia of nearby 
arteries [8]. The embryologic theory proposes that mesenchymal-derived, 
mucin-secreting cells from nearby joint structures become incorporated 
into the adventitia of nearby vessels during development [8].

• The popliteal artery is affected in 85% of cases. Other reported sites of 
involvement include the external iliac, femoral, radial, and ulnar arteries 
[5]. Clinically, patients presenting with CAD do not have typical risk fac-
tors for peripheral artery disease (PAD) due to atherosclerosis, and they 
often describe sudden onset of limb discomfort after vigorous athletic 
activity. Symptoms may be waxing and waning in nature and may even 
transiently resolve, only to reappear months later [9]. The classic fi nding 
on physical examination is Ishikawa’s sign, which is the loss of palpable 
pedal and/or popliteal pulses with knee fl exion [7•]. Diagnosis is made 
by duplex ultrasound or MRI, which shows arterial stenosis with adven-
titial cysts in the vessel wall [5]. Angiography may demonstrate arterial 
stenosis; however, the classic arteriographic fi nding is the “hourglass” 
or “scimitar” sign within the lumen. Without this fi nding, arteriography 
cannot distinguish CAD from other causes of arterial stenosis.

Interventional procedures

Percutaneous transcatheter angioplasty
• Because stenosis results from external compression due to a localized, high-

pressure cystic structure, PTA is reported to be minimally effective in treat-
ing CAD and is not recommended if other alternatives are available [10,11].

Standard procedure
In the case of popliteal CAD, contralateral retrograde femoral access 
or ipsilateral antegrade femoral access is obtained. The stenotic area is 
crossed with a guidewire, and angioplasty balloons are infl ated at the 
area of stenosis.
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Contraindications
Inability to lie fl at for the procedure, coagulopathy, renal insuffi ciency.

Complications
Rupture of cyst contents, resulting in thrombus and distal embolization; 
failure to improve stenosis and distal arterial fl ow; arterial dissection or 
embolization; access site complications including bleeding, hematoma, 
pseudoaneurysm formation, and arteriovenous fi stula formation.

Cost/cost-effectiveness
Given the expense of PTA and the low likelihood of its success, it is not a 
cost-effective option.

Percutaneous aspiration
• A series of nine patients treated with ultrasound-guided cyst aspira-

tion resulted in technical success and improvement in clinical symp-
toms in all patients, with no reported complications. Follow-up for a 
mean of 14.8 months with a maximum of 32 months demonstrated 
no cases of recurrence [12].

• Recurrence after percutaneous aspiration has been reported, therefore 
requiring close ultrasonographic follow-up [13].

Standard procedure
Ultrasound- or CT-guided percutaneous aspiration of popliteal CAD may 
be performed with the patient in the prone position, and yields a gelati-
nous material. Doppler ultrasound may be used to confi rm resolution of 
the cyst and normalization of arterial fl ow in real time.

Contraindications
Inability of the patient to lie prone for the procedure.

Complications
Damage to the popliteal artery is a concern, although it has not been 
reported in the literature. The cyst may recur, with reaccumulation of the 
mucoid contents.

Special points
Surveillance duplex ultrasonography is recommended at 3, 6, and 12 
months after the procedure. Aspiration does not preclude future surgery 
if there is recurrent disease.

Cost/cost-effectiveness
Aspiration is less expensive than open surgical procedures but is balanced 
with a higher recurrence rate, requiring greater monitoring and possibly 
repeat procedures. Ultrasound guidance is signifi cantly less expensive than 
CT guidance. There are no direct comparisons with surgical management.

Surgery

Standard procedure
If the artery is not totally occluded, the preferred technique is open 
evacuation with excision of the adventitial cyst and preservation of the 
vessel intima and media. In the case of total occlusion or arterial degener-
ation, autologous vein bypass grafting is performed [7•]. Some surgeons 
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prefer bypass grafting in all patients because it is more defi nitive and may 
be associated with a lower recurrence rate [14].

Contraindications
Inability to undergo vascular surgery because of anatomic conditions or 
serious medical comorbidities.

Complications
Complications arising from vascular surgery and anesthesia.

Special points
The recurrence rate for open cystic evacuation with excision is reported 
to be 10% [7•].

Cost/cost-effectiveness
There are no direct comparisons with percutaneous aspiration. Although 
surgical management may entail more initial costs than aspiration, this 
expense is offset by lower recurrence rates.

Fibromuscular dysplasia

• FMD is an idiopathic, nonatherosclerotic, noninfl ammatory process of the 
peripheral, abdominal, and cerebrovascular arteries. The renal arteries and 
extracranial cerebrovascular arteries are most commonly affected. Rarely, 
FMD may affect other vascular territories, including the iliac, femoral, or 
popliteal arteries, and result in intermittent claudication and critical limb 
ischemia, largely as a result of distal embolization. Histopathologically, 
FMD is routinely subdivided into four subtypes based on the location of 
the lesion: medial fi broplasia (Fig. 1), perimedial fi broplasia, intimal fi bro-
plasia, and adventitial (or periarterial) hyperplasia [15].

Figure 1. Medial fi broplasia variant of fi bromuscular dysplasia 
of the right external iliac artery. Note the bilateral common iliac 
artery aneurysms.
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• Within the renal arteries, the vast majority of cases are of the medial fi bro-
plasia variant, consisting of multiple alternating stenotic and aneurysmal 
segments, resulting in the classic “string of beads” appearance on angiog-
raphy [16•]. In the medial fi broplasia variant, the beads are larger than the 
arterial lumen. Perimedial fi broplasia is characterized by one or multiple 
focal stenoses, often with a robust collateral network [17]. The intimal 
fi broplasia variant appears as a focal stenotic segment or tubular stenosis. 
Adventitial hyperplasia may have several different morphologies, including 
focal or tubular stenoses [17]. There are no data regarding the distribution 
of histologic subtypes within the lower-extremity arteries. Likewise, epide-
miologic and demographic data are limited in patients with FMD affecting 
the lower extremities. However, most patients with symptoms related to 
FMD are younger, are female, and do not classically possess the risk factors 
commonly associated with atherosclerotic PAD.

• The diagnosis of FMD should be entertained in a patient presenting with 
symptoms consistent with claudication but without classic atherosclerotic 
risk factors, particularly in a female patient. FMD has been associated 
with Ehlers-Danlos syndrome (type IV), Alport’s syndrome, pheochromo-
cytoma, Marfan’s syndrome, and Takayasu’s arteritis [17]. Although the 
gold standard for diagnosis of FMD remains invasive contrast angiog-
raphy, duplex ultrasonography and multidetector CTA may provide 
adequate images to confi rm the diagnosis. MRA may not have suffi cient 
spatial resolution to allow a defi nitive diagnosis of FMD. It is generally 
accepted that patients with renal artery FMD be evaluated for potential 
treatment benefi t. However, in patients with carotid FMD, there is a risk 
of intracranial aneurysms; therefore, imaging of the intracranial arterial 
circulation should be strongly considered.

Interventional procedures

Percutaneous transluminal angioplasty with or without stent placement
• Although FMD in the iliac and popliteal arteries is a rare condition with 

few published clinical reports of treatment with PTA, PTA is considered 
the fi rst-line therapy. Largely, this is because of PTA’s reported effi cacy as 
primary therapy for FMD involving the renal arteries, which has demon-
strated low recurrence rates with long-term follow-up [18].

• In the renal arteries, treatment with PTA alone yields excellent results. 
Stent placement in the renal and extrarenal arteries should be reserved 
for cases with elastic recoil causing severe residual stenosis, or PTA 
resulting in fl ow-limiting arterial dissection.

• Recurrent stenosis after PTA may be treated with repeat PTA with or 
without stent placement.

Standard procedure
Usually performed via ipsilateral femoral arterial access. In the case of 
dissection, recoil, or persistent gradient, a balloon-expandable stent may 
be deployed at the site of stenosis.

Contraindications
Inability to lie fl at for the procedure, coagulopathy, renal insuffi ciency.

Complications
Inability to dilate the artery because of elastic recoil, perforation, dissection, 
and restenosis; access site complications including bleeding, hematoma, 
pseudoaneurysm formation, and arteriovenous fi stula formation.
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Cost/cost-effectiveness
Although no direct comparisons with surgery are available, PTA likely is 
signifi cantly less expensive, with a shorter hospital stay.

Surgery
• Given the excellent short- and long-term success rates for PTA, 

surgery for FMD should be reserved for rare cases in which PTA is 
technically impossible.

Standard procedure
Surgical revascularization may be performed with interposed saphe-
nous vein graft or synthetic material (likely reserved for cases in which 
the distal anastomosis will be in the femoral or above-knee popliteal 
arteries). Other options, such as patch angioplasty or arterial dilation, 
may be available on an individual case basis depending on the location 
and extent of involvement.

Contraindications
Inability to undergo vascular surgery because of anatomic abnormalities 
or serious comorbid medical conditions.

Complications
Complications arising from vascular surgery and anesthesia.

Cost/cost-effectiveness
There have been no direct comparisons with PTA or stent placement; 
however, surgery likely has signifi cantly higher procedural costs and a 
longer length of hospital stay.

Endofi brosis of the iliac artery

• Endofi brosis, a rare condition resulting in iliac artery stenosis, classi-
cally occurs among competitive cyclists aged 30 to 50 years. It has been 
reported in other athletes, including runners [19,20•,21]. Endofi brosis is 
caused by intimal hyperplasia, which is similar histologically to the intimal 
fi broplasia variant of FMD. However, in contrast to FMD, endofi brosis 
often is bilateral, is more diffuse in nature, and almost exclusively involves 
the external iliac arteries [17]. 

• A recent report of 19 histopathologic specimens of endofi brosis dem-
onstrated loose connective tissue with moderate to high cellularity, 
loose collagen fi bers, and a dearth of infl ammatory cells compared 
with atherosclerotic specimens [22]. Endofi brosis is thought to be 
a result of repeated trauma to the vessel caused by stretching and 
compression of the external iliac artery at the level of the hip, com-
pression by the psoas muscle, tethering from psoas muscle arteries, 
and shear forces due to enhanced blood fl ow to the lower extremities 
[23]. Patients often complain of claudication, a sensation of swelling, 
or neurologic symptoms in the proximal lower limb at the point of 
maximal exertion [24]. 

• Although physical examination is frequently normal, a bruit may be 
audible in the iliac fossa after exercise. As an initial screening test, 
exercise ankle-brachial indices appear to have good sensitivity for 
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endofi brosis but provide limited information about the specifi c level 
or type of arterial lesion. Patients with endofi brosis of the iliac artery 
typically have normal rest ABI with a signifi cant decrease in ABI after 
exercise [24]. Duplex ultrasonography performed by an experienced 
ultrasonographer may be useful in confi rming the diagnosis of endo-
fi brosis, and is best used in concert with exercise ABI, pulse volume 
recordings, and segmental pressures [20•]. Contrast angiography 
long has been considered the gold standard for diagnosis, and the 
sensitivity of this test has been reported to be as high as 100% when 
the patient is imaged with thigh hyperfl exion in the “racing position” 
[25]. CT and MRA may prove to be useful modalities, particularly if 
imaging can be performed with thigh fl exion; however, data on diag-
nostic accuracy are limited.

Interventional procedures

Percutaneous transcatheter angioplasty with or without stent placement
• Because the affected patient population involves highly trained and often 

competitive athletes, the appeal of PTA as a minimally invasive thera-
peutic modality is evident.

• Several authors have raised concerns about the ability to acutely dilate 
the fi brotic artery, the possibility of dissection resulting from PTA, and 
the long-term durability of angioplasty. Cases have been reported of suc-
cessful PTA, with short- and medium-term follow-up showing symptom-
atic improvement without recurrence [19,24].

• One case of balloon-expandable stent deployment was reported with 
symptomatic improvement and patency as determined by duplex ultra-
sonography to 3 months [20•]. However, because of the risk of fracture 
with stent deployment in an area subject to mechanical stress, the rou-
tine use of stenting for endofi brosis is not recommended.

Standard procedure
For iliac artery involvement, ipsilateral retrograde femoral access is 
obtained. The stenotic area is crossed with a guidewire, and angioplasty 
balloons are infl ated at the area of stenosis. In the case of dissection, 
recoil, or persistent gradient, a balloon-expandable or self-expanding 
stent may be deployed at the site of stenosis.

Contraindications
Inability to lie fl at for the procedure, coagulopathy, renal insuffi ciency.

Complications
Inability to dilate the artery because of elastic recoil, dissection, and 
restenosis; access site complications including bleeding, hematoma, 
pseudoaneurysm formation, and arteriovenous fi stula formation.

Cost/cost-effectiveness
Although no direct comparisons with surgery are available, PTA likely is 
less expensive, with a shorter hospital stay.

Surgery
• Despite the concerns over subjecting a high-performance athlete to a 

surgical procedure that at minimum requires a signifi cant recovery time, 
most cases in the literature have been treated surgically.
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