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INTRODUCTION
If promptly diagnosed, a popliteal artery entrapment synd

rome (PAES) is the most common surgically correctable cause of 
leg claudication in young adults [1,2]. A high index of suspicion 
and the aggressive use of screening tests facilitate the diagnosis 
of this condition [3,4]. Although the prevalence and natural 
history of popliteal impingement remains uncertain, it has 
been proposed that anatomical derangement of the popliteal 
muscle should be the target of treatment, irrespective of the 
presence or absence of symptoms because of concerns about 

the future development of an arterial occlusion [5].
Recent advances in cross-sectional imaging of the knee joint, 

such as CT and MRI, have yielded a detailed understanding of 
the anatomy and underlying mechanism of popliteal artery 
entrapment, allowing the discovery of a new type of PAES 
associated with an anomaly in the lateral head of the gastro
cnemius muscle [6,7]. We have experienced cases of anatomical 
PAES not related to a gastrocnemius medial head (GNM) 
anomaly, which have been confirmed to be caused by an 
aberrant plantaris muscle. Based on this observation, the aim 
of our present study was to analyze anatomical PAES and to 
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Purpose: The aim of this study was to analyze anatomical popliteal artery entrapment syndrome (PAES) and to individualize 
the treatment of this condition according to the anatomical status of the artery and the adjacent structure.
Methods: A total of 35 anatomical PAES legs in 23 consecutive patients treated within the Asan Medical Center, Seoul, 
Korea between 1995 and 2011 were analyzed retrospectively. Anatomical PAES was diagnosed by MRI and/or CT scans of 
the knee joint, and CT or conventional transfemoral arteriography of the lower extremities.
Results: We noted a type II gastrocnemius medial head (GNM) anomaly, a type III GNM anomaly, or an aberrant plantaris 
muscle in 51.4%, 20%, and 28.6% of PAES legs, respectively. In assessments of the arterial lesions, popliteal or tibial 
artery occlusion was noted in 19 of 26 symptomatic PAES legs. For cases without popliteal artery lesions, myotomy of the 
anatomically deranged muscle was performed in 5 of 7 symptomatic and 4 of 9 asymptomatic PAES legs. For occluded 
popliteal arteries, we performed ten direct repairs of the pathological popliteal artery and 4 femoro-below the knee 
popliteal bypass surgeries. As a result of the arterial Surgery, 9 direct procedures with myotomy yielded a patent artery, 
while 3 graft failures were noted in the bypass group. The median follow-up period was 84 months (range, 12–206 months).
Conclusion: We recommend that treatment of PAES should be individualized based on pathology, symptoms, and various 
imaging studies.
[Ann Surg Treat Res 2018;94(5):262-269]
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individualize the PAES treatments according to the anatomical 
status of the artery and its adjacent structure.

METHODS
We retrospectively analyzed 35 PAES legs from 23 consecutive 

patients who were treated at the Division of Vascular Surgery, 
Asan Medical Center, Seoul, Korea between 1995 and 2011. 
This study and the review of patient medical records were 
approved by the Institutional Review Board of Asan Medical 
Center (approval number: 2016-0191). MRI or CT scans of the 
knee joint were used to evaluate musculotendinous anomalies 
around the popliteal artery. Doppler pressure studies, CT 
angiography, and/or conventional transfemoral arteriography 
of the lower extremities were used to evaluate the presence 
of arterial lesions. In patients with clinically suspected PAES 
but no demonstrable arterial occlusion upon examination, a 
provocation test by a forced plantar flexion of the ankle was 
performed routinely during the Doppler pressure studies, 
Duplex scans, and conventional angiographic studies.

Patient medical records, Doppler pressure studies, imaging 
studies of the popliteal artery and adjacent structures (including 
CT, MRI), and CT angiography or conventional transfemoral 
arteriography were completely reviewed. We classified the 
gastrocnemius muscle anomaly, as modified by Rich et al. [3]. 
Occlusive lesions were classified by their arterial pathology as 
a segmental occlusion, diffuse occlusion, or distal embolization 
without popliteal artery occlusion. Nonocclusive lesions were 
classified as either provocation-positive or -negative based 
on conventional transfemoral arteriogram findings (Fig. 1). 
Follow-up with a median duration of 84 months (range, 12–206 
months) for all patients was performed at the outpatient clinic 
and/or by telephone.

RESULTS

Patients
A total of 23 patients who experienced muscular derange

ment of the knee joint and complained of claudication of the 
leg were identified (Table 1). All patients were physically active 
with a median age of 28 years old (range, 16–53 years). There 
were 26 symptomatic PAES legs in 23 patients with a rate of 
incidence of symptomatic bilaterality of 13.0%. While studying 
the contralateral symptomatic legs, we also incidentally iden
tified asymptomatic PAES legs with muscular derangement 
in nine patients (Table 2). Therefore, the rate of incidence of 
anatomical bilaterality of PAES was 52.2% (12 of 23 patients). 
Regarding the arterial lesions, either popliteal or tibial artery 
occlusion was noted in 19 of 23 patients (82.6%) and 19 of 26 
symptomatic PAES legs (73.1%). The symptoms appeared insi
diously and repeatedly, but after their symptoms worsened all 
of the patients visited the hospital within a median duration 
of 12 months (range, 1–240 months). Although they had visited 
local clinics or hospitals prior to visiting our hospital, only 4 of 
23 patients (17.4%) visited before occlusion of the popliteal or 
tibial artery of the affected leg occurred.

Classification
Among the 26 symptomatic PAES legs, a GNM anomaly 

was noted in 19 (73.1%), while an aberrant plantaris muscle 
was identified in 7 (26.9%). When we applied the proposal of 
Rich [3] to classify the lesions, 14 of 19 GNM anomaly legs 
were classified as type II (73.7%), and the remaining5 legs 
(26.3%) were classified as a type III anomaly. No cases of type 
I or IV anomalies were identified in our series. If we included 
asymptomatic legs with anatomical derangements, the type 
II anomaly, type III anomaly, and aberrant plantaris muscle 
frequency in our patients were 51.4% (18 of 35), 20% (7 of 35), 
and 28.6% (10 of 35), respectively.

Yong Jae Kwon, et al: Anatomical popliteal artery entrapment syndrome

Medial head of
gastrocnemius muscle

A B C

Fig. 1. Ultrasonography (A, B: 
upper panel) and/or conventional 
transfemoral arteriography (A, B: 
lower panel) were used in PAES 
legs with a patent popliteal artery 
to evoke popliteal artery steno-
occlusion using routine plantar 
flexion of the ankle (the provocation 
test). The popliteal artery was 
patent at rest (A), but occlusion of 
the popliteal artery (white arrow) 
on plantar flexion of the ankle (B) 
could be noted in this type II PAES 
case, which was diagnosed by a 
MRI of the left knee joint (C) and 
was determined to be provocation-
positive. PAES, popliteal artery 
entrapment syndrome.
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Regarding arterial pathology and the mechanism of popliteal 
artery entrapment, an occlusion was noted in 13 of 14 type II 
GNM anomalies (92.9%), 1 of 5 type III GNM anomalies (20%), 
and 5 of 7 aberrant plantaris muscle cases (71.4%). Therefore, 
a type II anomaly appeared to be significantly more complex 
in its course than any other type (P = 0.007) (Table 3). We 
observed no differences in findings for patients who underwent 
CT or MR arteriography versus transfemoral arteriography of 
the lower extremities (Fig. 2).

Description of PAES caused by an aberrant plantaris 
muscle
All aberrant plantaris muscles were higher and more medially 

located than a normal plantaris muscle, and these abnormal 
muscles ran along or across the popliteal artery in the upper 
portion of the popliteal fossa in both CT and MRI scans of the 
affected knee joints. This location can cause occlusion of the 
popliteal artery during forced plantar flexion of the ankle, and 
an occlusion was demonstrated by a provocation study during a 
transfemoral arteriography of the lower extremity that revealed 
a patent popliteal artery at rest but occlusion of the popliteal 
artery during plantar flexion of the foot. We confirmed this 
finding by passive plantar flexion of the foot during the opera
tion (Fig. 3).

Arterial pathology and provocation test
Assessment of the pattern of occlusion revealed that seg

mental occlusion of the popliteal artery was the most common 
with an incidence of 63.2% (12 of 19). The rates of incidence 
of diffuse occlusion and distal embolization were 26.3% (5 
of 19) and 10.5% (2 of 19), respectively. The popliteal artery 
was explored during an operation in 14 of 26 affected legs, 
including 9 occluded and 5 patent arteries. For the 9 occluded 
lesions, a chronic occlusion with an organized thrombus 
was noted in 5 lesions and was the most common pattern. 
Additionally, operative findings revealed acute thrombosis, 
stent failure with thrombosis, luminal ulceration with distal 
embolization, and a thrombosed popliteal artery aneurysm in 
one leg each. Using a provocation test involving conventional 
transfemoral arteriography to evoke symptoms for legs with a 
patent popliteal artery, 5 provocation-positive legs (71.4%) and 
2 provocation-negative legs (28.6%) were noted among the 7 
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Table 3. Arterial pathology of the popliteal artery according 
to the type of popliteal artery entrapment syndrome (PAES) 

Type of 
PAES 

Aberrant plantaris 
muscle (n = 7)

Type II  
(n = 14)

Type III  
(n = 5) P-value 

Occlusion 5 (71.4) 13 (92.9) 1 (20.0) 0.007
Patent 2 (28.6) 1 (7.1) 4 (80.0) 

Values are presented as number (%). 
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symptomatic legs. In contrast, among nine asymptomatic legs, 
4 legs (44.4%) were provocation-positive, and 5 legs (55.6%) 
were provocation-negative. When we analyzed the associations 
between symptoms and provocation positivity or negativity, 
4 of 9 provocation-positive legs (44.4%) legs with muscular 
derangement were asymptomatic, while 2 of 7 provocation-
negative legs (28.6%) with muscular derangement were symp
tomatic. These findings indicated that not all cases that were 
positive by the provocation test showed symptoms, and, sur
prisingly, cases that were negative by the provocation test can 
still exhibit symptoms.

Treatments
Treatments were selected according to the arterial pathology 

and symptoms. Within the seven symptomatic PAES legs with a 
patent popliteal artery, myotomy of the anatomically deranged 
muscle was performed in all cases that were provocation-
positive, and the 2 individuals who refused treatment were 

provocation-negative. We routinely used a posterior approach 
for the myotomy. The symptoms of intermittent claudication 
disappeared in all of the patients with PAES legs with a patent 
popliteal artery who underwent myotomy of the anatomically 
deranged muscle. The typical symptoms and no arterial 
pathologies appeared during the study period in any of the 
patients who refused myotomy. Among the nine asymptomatic 
but incidentally identified PAES legs, we performed myotomy 
only when the provocation study showed a positive result 
(4 legs). Moreover, no leg symptoms or arterial pathologies 
appeared during the study period in any patient in this asymp
tomatic group.

For occluded popliteal arteries, arterial surgery was per
formed in 14 of 19 PAES legs, while conservative treatment 
was conducted in 5 legs. We performed direct repair of the 
pathological popliteal artery via a posterior approach in 10 legs, 
which consisted of 6 cases of thromboendarterectomy with 
saphenous vein patch angioplasty, 3 cases of graft interposition 

A B

Fig. 2. MRI and CT scan of the 
knee joint. There was no discre
pancy in the findings from the CT 
scan (A) and the MRI (B). Medial 
ahead of gastrocnemius muscle 
with arterial occlusion could be 
observed in the left leg (A, B: 
circle).

Medial head
Lateral head

Medial head
Lateral head

A B C

Fig. 3. T1-weighted axial (A) and coronal section (B) of the knee joint showed aberrant plantaris muscle which originated more 
medially and higher than normal position, that we confirmed on operation (C).
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using a reverse saphenous vein graft followed by myotomy of 
the anatomically deranged muscle, and 1 case of thrombectomy 
with a saphenous vein patch angioplasty. Femoro-below the 
knee popliteal bypass surgery using a reverse saphenous vein 
graft, which was subcutaneously placed, was performed in 
four PAES legs. All 9 direct procedures with myotomy yielded a 
patent artery during the study period, while 1 direct procedure 
without myotomy resulted in a thrombotic reocclusion of the 
popliteal artery in a pattern similar to the original lesion. 
Bypass surgery was associated with 3 graft failures, including 2 
early graft failures and 1 limb loss (Fig. 4).

DISCUSSION
The actual rate of incidence of anatomical PAES is unknown 

but it appears to be more common than previously appreciated 
[8]. There is a growing awareness that PAES can be a cause of 
claudication, and the use of noninvasive diagnostic techniques, 
including stress tests, have contributed to its increasing inci
dence [9]. In our present study series, patients had visited local 
clinics or hospitals prior to visiting our hospital, but only 4 of 
23 patients (17.4%) and 7 of 26 legs (26.9%) presented prior to 
the onset of occlusion of the anatomically entrapped popliteal 
artery. Thus, this series emphasizes the importance of a high 
index of suspicion and aggressive screening tests for the early 
diagnosis of PAES.

A provocation test can aid the diagnosis of patients with less 
apparent manifestations. In suspected cases of PAES, the provo
cation test can help differential diagnosing of PAES. According 
to the current understanding of PAES pathogenesis, recurrent 
compression of the popliteal artery causes physical damage 
to the vessel wall, which can lead to luminal narrowing, the 
formation of aneurysms, thrombosis, or distal embolization 
[10]. Through performing surgery, we have encountered all of 
the arterial pathologies that can result from entrapment of the 

popliteal artery by an anatomically deranged muscle during 
passive plantar flexion of the ankle.

We also found that we could classify the arterial lesions in 
our current study series based on their imaging characteristics. 
Occlusive lesions were classified as a segmental occlusion, 
segmental occlusion with distal extension (diffuse), or a 
patent popliteal artery with distal embolization. Additionally, 
nonocclusive lesions were divided into provocation-positive or 
-negative categories by a transfemoral arteriogram.

Anatomical PAES has been previously classified into 
various types based on the abnormal relationship between 
the GNM and popliteal artery in the popliteal fossa [3]. 
Advances in understanding of the developmental embryology 
and mechanism of impingement of the popliteal artery have 
resulted in modifications to this classification [11]. However, 
MRI and CT scans of the knee joint have recently provided 
more precise anatomical details of the popliteal region, and 
new types of PAES have been introduced as a consequence [12]. 
Anomalies of the lateral head of the gastrocnemius muscle can 
play a role in the development of PAES, and Kim [7] classified 
such anomalies into 2 types—an abnormal insertion type and 
an aberrant accessory slip type. We experienced some cases of 
PAES that were related to an aberrant plantaris muscle rather 
than a gastrocnemius muscle anomaly. At the time when PAES 
was introduced, many authors had reported encountering the 
plantaris muscle in PAES in their operative findings [13]. Indeed, 
the plantaris muscle is a rudimentary structure in humans and 
can be considered to be an accessory to the lateral head of the 
gastrocnemius muscle. However, when the plantaris muscle 
develops abnormally, it can entrap the popliteal artery upon 
contraction, which occurs upon plantar flexion of the ankle [14]. 
In our present case series, 26.9% of anatomical PAES limbs were 
associated with an aberrant plantaris muscle, a more frequent 
occurrence than we expected before initiating this study. 
All aberrant plantaris muscles originated more medially and 
superior than the normal position, ran obliquely, and crossed 
the popliteal artery at the popliteal fossa on both MRI and 
CT scans. Therefore, the importance of the aberrant plantaris 
muscle as a cause of PAES should be emphasized. Although we 
could not extend the classification of GNM anomalies beyond 
the traditionally used criteria, we believe that an alternative 
classification for PAES could be derived that is based on careful 
examination of imaging findings, such as MRI or CT scans.

Type II anomalies showed a higher incidence of arterial 
occlusion compared to type III anomalies. We suspect that 
when the artery abnormally inserts into the medial head of 
the gastrocnemius muscle, this position results in stronger 
compressive forces on the popliteal artery compared with the 
accessory slip or aberrant head. Additionally, in our analysis of 
the relationship between provocation tests and asymptomatic 
incidentally detected anatomical derangement of the knee 

Yong Jae Kwon, et al: Anatomical popliteal artery entrapment syndrome
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joint muscle the provocation test yielded negative results 
in all 3 aberrant plantaris muscle group cases compared to 
50% positivity in the GNM anomaly group. Specifically, our 
present series included 9 PAES legs that tested as provocation-
positive on the transfemoral arteriogram among 16 legs with 
an anatomically deranged muscle around the knee joint in 
the absence of a popliteal artery occlusion. Murray et al. [13] 
demonstrated that not all cases of anatomical PAES exhibit 
symptoms. This observation is further supported by the 
incidental detection of anatomically impinged popliteal 
arteries in the asymptomatic contralateral limb, which is not 
an uncommon finding. Therefore, the actual prevalence and 
natural history of popliteal impingement remains uncertain 
and should be elucidated in future studies [15].

Surgically, we routinely used a posterior approach for 
myotomy as recommended by many authors. To identify the 
muscle anomaly and any abnormal relationship between the 
popliteal artery and gastrocnemius or other muscles, including 
the plantaris muscle,was important.

Our general principle for the treatment of occlusive arterial 
lesions is that below the knee bypass surgery should only 
be performed in patients with critical limb ischemia. For 
PAES, however, we performed operative interventions for 
segmental occlusion of the popliteal artery while we conducted 
conservative treatment in most cases of diffuse arterial 
occlusion without critical limb ischemia. The result of this 
direct approach was better than bypass surgery. We propose 
that direct repair of a popliteal artery lesion followed by myo
tomy via a posterior approach could have the best chance of 
achieving graft patency. Furthermore, 1 case in our series, in 
whom we conducted only thrombectomy without myotomy 
of the plantaris muscle via a posterior approach, resulted 
ultimately in reocclusion of the popliteal artery in a pattern 

identical to the original lesion at 3 months after the operation. 
Thus, when direct repair of the popliteal artery via a posterior 
approach is performed, myotomy of the anatomically deranged 
muscle should follow.

The optimal treatment of incidentally detected asymptomatic 
popliteal artery entrapment with deranged muscle anatomy 
is controversial. Most authors argue that an anatomically de
ranged muscle should be treated irrespective of the symptoms 
because an arterial occlusion will develop [15]. However, our 
policy is to perform myotomy of the abnormally inserted 
gastrocnemius muscle or aberrant plantaris muscle only in 
cases of provocation-positive legs and to only observe cases 
of provocation-negative legs in asymptomatic patients. We 
have established that our approach is safe because there was 
no relapse during the follow-up period with a median of 106 
months for the 5 provocation-negative legs we treated.

In conclusion, treatment of PAES should be individualized 
based on pathology, symptoms and imaging studies. Imaging 
studies using a CT scan or MRI with various reconstruction 
methods may indicate muscle abnormalities to plan and 
perform proper treatment. Based on our provocation study, 
treating asymptomatic legs with an anatomically deranged 
muscle may be advisable (Fig. 5). When the occlusive lesion is 
confined to the popliteal artery, direct repair of the popliteal 
artery followed by myotomy of the anatomically deranged 
muscle via a posterior approach is recommended.
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Symptomatic
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Fig. 5. Suggestions for the individualized treatment of PAES. Treatment based on provocation tests for patients with asymp
tomatic PAES legs is recommended, and symptomatic PAES legs should be treated based on the arterial pathology. PAES, po
pliteal artery entrapment syndrome.
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