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Popliteal artery entrapment syndrome: an approach to diagnosis and management.
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WHAT IS POPLITEAL ARTERY ENTRAPMENT SYNDROME?
Popliteal artery entrapment syndrome (PAES) is an anomaly resulting in symptomatic extrinsic compression of the popliteal artery by the surrounding musculo-tendinous structures; most frequently the medial head of the gastrocnemius muscle. This may be congenital, or acquired through muscular hypertrophy. PAES can be further classified by anatomical type (I-VI, Table 1). It may exist alone or in combination with popliteal vein and/or tibial nerve compression as part of popliteal entrapment syndrome. 

PAES is a frequent cause of intermittent claudication in an otherwise healthy, often athletic cohort, with potentially severe adverse sequelae, and can represent a diagnostic challenge.

Table 1: Popliteal entrapment syndrome classification (Popliteal Vascular Entrapment Forum)[1]
	Type I
	The popliteal artery passes medially and then deep to the normal medial head of gastrocnemius

	Type II
	The medial head of gastrocnemius inserts more laterally than usual. The popliteal artery descends normally but passes medially to the muscle

	Type III
	The medial head of gastrocnemius has an accessory slip arising more laterally that compresses the popliteal artery

	Type IV
	The popliteal artery is compressed by running deep to the popliteus muscle or by an anomalous fibrous band. 

	Type V
	Primary popliteal vein entrapment

	Type VI
	Functional entrapment with no anatomical abnormality. 


CASE
A 38-year-old female competitive ‘Ironman triathlete’ athlete with no previous medical history presented with exertional left calf pain. On examination, the patient had a full complement of lower limb pulses. 

A lower limb arterial duplex scan detected bilateral popliteal artery occlusion on forced plantar flexion. As there were unilateral symptoms, a CT angiogram was performed which detected no abnormality. A bilateral lower limb angiogram initially demonstrated normal arterial anatomy. However, upon forced plantar flexion, complete occlusion of both popliteal arteries was evident (Figure 1).

The patient was diagnosed with bilateral PAES and underwent staged popliteal artery releases. At one year of follow up, there has been complete resolution of symptoms with patent popliteal arteries on ultrasound examination.
WHY IS PAES MISSED?
The median delay before diagnosis of PAES has been reported as 12 months (range, 4 hours-120 months).[2] However, there are reports of misdiagnosis and inappropriate management for up to 15 years.[3] The diagnosis may be missed due to young patient age, often a lack of atherosclerotic risk factors, and difficultly in distinguishing from other causes of lower limb pain.[2]
Furthermore, unless popliteal artery occlusion has occurred, distal pulses will be normal on physical examination. 
WHY IS TIMELY DIAGNOSIS IMPORTANT?
If left undiagnosed, progressive popliteal artery injury can occur and chronic sequelae include, arterial occlusion and critical limb ischaemia, post-stenotic dilatation or aneurysm formation (median prevalence 24% and 13.5% respectively), and need for amputation.[2,4]
The misdiagnosis of PAES as chronic exertional compartment syndrome has resulted in erroneous operative intervention in the form of four compartment fasciotomies with resultant adverse functional outcomes including loss of occupation.[2]
Early treatment is likely to consist of musculotendinous release of the popliteal artery, rather than a lower limb bypass which may be required once severe popliteal artery stenosis has occurred, with inferior outcomes.[5]
HOW IS PAES DIAGNOSED?
Clinical features
· Important history

Key diagnostic features include, young, athletes with absent vascular risk factors. Mean age has been reported as 32 years with a median male proportion of 83%. Most patients present with exertional leg pain. More acutely, patients present with arterial occlusion and limb-threatening ischaemia. Bilateral PAES is reported in approximately 40% of cases.[2]
· Physical exam

It is important to note that lower limb arterial pulses are likely to be normal in the absence of severe popliteal artery stenosis or occlusion and so this should not preclude further investigation when there is a high index of suspicion for PAES.

Regarding bedside clinical tests, the ankle-brachial pressure index (ABPI) may be within normal limits at rest. A fall in ABPI during plantar flexion or post-exertion is indicative of underlying vascular pathology. 
· Additional investigations

PAES presents a diagnostic challenge with lack of consensus on an optimal imaging protocol. A median of three diagnostic investigations has been reported as being required to reach a diagnosis.[2]
Lower limb arterial angiography is the most common imaging modality utilised. Popliteal artery occlusion, compression and medial deviation can be appreciated and diagnosis may be aided when combined with provocation manoeuvres, e.g. ankle plantar flexion (Figure 1). 
Non-invasive duplex ultrasound (DUS) is commonly employed during initial investigation. Like angiography, popliteal artery compression may be elicited by provocation manoeuvres (Figure 2).  
Figure 2: Tips for ultrasound diagnosis of PAES
If initial DUS is indicative of vascular pathology, this may be followed by cross-sectional imaging. In addition to demonstrating arterial compression, magnetic resonance imaging or angiography can aid operative planning by delineating the underlying anatomical subgroup of PAES. CT angiography and plethysmography are alternative diagnostic modalities available.[2]
WHAT MANAGEMENT OPTIONS ARE AVAILABLE?
Acute limb ischaemia requires urgent vascular intervention, whereas timely musculotendinous release of the popliteal artery has superior outcomes for symptoms resulting from intermittent occlusion.[5] Outcomes after treatment may be assessed by popliteal artery patency rates (most commonly with DUS), complications of arterial reconstruction and relief of symptomatology, although no objective clinical scoring system is currently available.
There is recent long-term outcome data for revascularisation surgery; the 10-year cumulative patency of 13 limbs treated with bypass was 100%. Two limbs showed occlusion at 23 and 12 years.[6] Resolution of symptoms has been shown to occur in a median of 77% (range, 70%-100%) of patients.[2]
PRACTICAL TIPS
· Consider PAES as a cause of intermittent claudication in an otherwise healthy, athletic, patient group.

· Patients may present in a variety of settings with symptoms which have a broad differential. In particular, there is considerable overlap in symptomatology and patient demographic with chronic recurrent exertional compartment syndrome.

· Dynamic testing is an important adjunct in the imaging diagnosis of PAES. Indeed, in our case popliteal artery entrapment was only apparent on plantar flexion.

· Based on the significant incidence of asymptomatic occlusion in healthy individuals, there is a risk of unnecessary intervention with reliance purely on imaging. 

· Prompt referral and timely management is imperative; chronic sequelae include, critical limb ischaemia, arterial occlusion, aneurysm formation, and amputation.
Image legend; Figure 1: Lower limb arterial angiogram at rest (left) and during forced plantar flexion demonstrating bilateral popliteal artery occlusion (right).
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Lie the patient prone with their feet off the end of the bed and pressed against a wall.


Assess the popliteal artery for normal triphasic flow


Use a lower frequency curvilinear probe in the popliteal fossa whilst asking the patient to plantar flex. It is crucial to examine the popliteal artery proximal to the sural artery branch.


 The diagnostic sonographic finding is absolute obstruction of flow within the popliteal artery.


A dampened, low velocity arterial waveform is considered equivocal.


Coexisting popliteal vein entrapment may be assessed for by squeezing the calf to look for normal augmentation of venous flow.








