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Surgical Treatment for Popliteal Artery
Entrapment Syndrome

Kimihiro Igari, MD,! Norihide Sugano, MD, PhD,? Toshifumi Kudo, MD, PhD,’
Takahiro Toyofuku, MD, PhD,! Masatoshi Jibiki, MD, PhD,!
Yoshinori Inoue, MD, PhD,' and Takehisa Iwai, MD, PhD3

Objective: To evaluate the long-term outcomes of surgical treatment for popliteal artery entrapment
syndrome (PAES).

Materials and Methods: This study was undertaken from a retrospective review of case notes of patients
treated for PAES between August 1974 and July 2013. We examined patients’ characteristics and surgical
procedures, and evaluated long-term outcomes including clinical symptoms and graft or native artery
patency.

Results: Twenty-nine limbs (24 patients, mean age: 32 years) underwent surgery. Popliteal arteries were
occluded (n = 18) stenosed (n = 7) and normal (n = 4). Twenty-five limbs required both revasularization
(interposition [n = 24] and bypass surgery [n = 1]) and myotomy. Four limbs were treated solely with myot-
omy. During the long-term follow-up period, three limbs required reoperation. The overall primary graft and
native popliteal artery patency rates at one and 5 years were 96.3% and 91.9%, respectively.

Conclusion: The treatment of PAES with myotomy and selective revascularization achieves good short- and
long-term outcomes. The use of an interposition vein graft reconstruction is associated with minimal morbid-
ity and good long-term patency.
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Introduction

Popliteal artery entrapment syndrome (PAES) is a
compression syndrome of the popliteal artery caused
by musculotendinous structures in the popliteal fossa
that was first described in 1879 by Stuart.! Various
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anatomic forms are related to either an anomalous
course of the popliteal artery, the anomalous devel-
opment of the medial head of the gastrocnemius
muscle (MHGM) or the presence of an accessory lig-
ament, resulting in ischemia and vascular claudica-
tion.? The vast majority of reported cases have
occurred in males, with over half of the patients being
affected before reaching 30 years of age. PAES is
responsible for symptoms in 60% of young patients
with ischemic pain.?

Recurrent popliteal artery compression causes inti-
mal damage, thrombosis,* distal embolization, post-
stenotic dilatation and true aneurysm formation,®
leading to irreversible ischemic damage and eventual
limb loss. Therefore, making a prompt and accurate
diagnosis and providing effective treatment is
required to prevent the development of severe irrep-
arable vascular lesions, particularly because the con-
dition generally involves younger patients.
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The aim of this study was to review our clinical
experiences of PAES and to evaluate the long-term
outcomes of our surgical treatments.

Patients and Methods

Between August 1974 and July 2013, 29 limbs in
24 patients with PAES were admitted to Tokyo Med-
ical and Dental University Hospital and treated surgi-
cally. All surveys and consent forms were approved
by the Institutional Review Board of Tokyo Medical
and Dental University Hospital. Written informed
consent was obtained from all subjects. All limbs
were affected by vascular ischemia and categorized
according to Rutherford classification® based on
symptoms and clinical presentation at the time of the
surgical procedures. The diagnosis of PAES was made
using various modalities. The ankle-brachial pressure
index (ABI) was calculated at rest. Duplex ultraso-
nography (DUS), computed tomography (CT) and
magnetic resonance imaging (MRI) were performed,
all of which can be used to diagnose PAES, and
CT and MRI are more useful to demonstrate the
popliteal artery and musculotendinous anatomy and
identify other pathologies than US. Conventional ang-
iography was performed however, recently, CT angi-
ography was also used, which is as effective as
conventional angiography with less invasiveness.
Surgical management requires releasing extrinsic
compression and preserving or restoring the arterial
flow. The surgical approach included a posterior
S-shaped incision in the popliteal fossa in most cases.”
We preferred the posterior approach in order to
inspect the origin of MHGM. If the arterial damage
is minimal, myotomy of the MHGM or any abnormal
musculotendinous slips may suffice.®) In the presence
of occlusion or stenosis, revascularization of the
affected popliteal artery in addition to musculoten-
dinous section is required.” Conventionally, revascu-
larization is performed via the interposition of the
affected popliteal artery with a reversed saphenous
vein graft. When the affected segment was extended
beyond the adductor canal or down to the popliteal
trifurcation on preoperative images, bypass surgery
was performed through a medial approach. Long-
term follow-up data were collected to assess postop-
erative symptoms and evaluate the graft or native
popliteal artery patency rates. Graft patency was

evaluated every 3 months during the first postoper-
ative period and every 6 months thereafter using
interviews, physical examinations, ABI and DUS. If
there were abnormal findings on these noninvasive
tests, CT scanning was performed to confirm the graft
patency.

The data are expressed as the mean + SD (standard
deviation). The statistical analyses were performed
using the Stat View™ version 5 software program
(Abacus Concept Inc., Berkley, California, USA). The
cumulative patency rates were determined according
to the Kaplan-Meier method.

Results

Patient characteristics (Table 1)

During the study period, 29 limbs in 24 patients with
PAES were treated surgically. Eighteen patients were
male and 6 patients were female. The mean age at
the time of the surgical procedures was 32 + 17 years
(range, 7-67 years). The mean duration of symptoms
before surgical treatment was 37.5 months (range,
2-216 months). The affected side of the limb was the
right side in 19 limbs and the left side in 10 limbs.
Five patients (20%) had bilateral PAES and were
treated on both sides. The chief complaints were as
follows: asymptomatic (Rutherford category 0) in
four limbs, intermittent claudication (category 1-3)
in 22 limbs, rest pain (category 4) in two limbs and a
foot ulcer (category S) in one limb. All four asymp-
tomatic patients were with bilateral PAES. Among
the patients with claudication, three limbs exhibited
sudden onset of symptoms.

The mean preoperative ABI value at rest was
0.83 + 0.15 (range, 0.60-1.07). The diagnosis of
PAES was made using DUS and/or CT and/or MRI
and/or conventional angiography. According to the
radiologic findings, four popliteal arteries were intact,
seven popliteal arteries were stenotic and 18 popliteal
arteries were occluded. Among the seven stenotic
popliteal arteries, three exhibited poststenotic dilata-
tion and/or aneurysmal changes. Furthermore, four
limbs demonstrated distal embolization of the crural
artery in the radiologic findings. The PAES cases
were classified according to Rich’s classification'?
(Table 2) based on the radiologic and intraoperative
findings: type I in seven limbs, type II in 10 limbs,
type III in four limbs, type IV in three limbs and
unclassified in five limbs.
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Table 1 Summary of patients characteristics

Patient number Age (years) Affected Rutherford Rich’s Morphology of
limb classification®) Classification popliteal artery
1 15 Bilateral, L 2 | Stenosis with dilatation
Bilateral, R 0 | Stenosis
2 17 Bilateral, L 4 | Stenosis
Bilateral, R 0 | Normal
3 33 R 2 Il Stenosis with dilatation
4 40 R 3 1l Occlusion
5 16 Bilateral, R 2 Il Occlusion
Bilateral, L 0 1l Normal
6 7 R 2 1] Occlusion
7 23 R 1 | Occlusion
8 24 R 4 \% Occlusion
9 29 R 3 Unclassified Occlusion
10 18 R 2 | Occlusion
11 54 L 3 Unclassified Occlusion
12 41 L 2 | Occlusion
13 57 R 2 \Y Occlusion
14 45 L 5 \Y Occclusion
15 49 R 2 Unclassified Occlusion
16 16 L 1 1] Occlusion
17 67 R 3 Unclassified Stenosis
18 12 R 2 1] Stenosis with
aneurysmal change
19 21 Bilateral, R 2 1] Normal
Bilateral, L 1 Il Occlusion
20 63 R 3 1] Stenosis
21 33 L 2 Unclassified Occlusion
22 33 R 2 1] Occlusion
23 63 R 3 1] Occlusion
24 42 Bilateral, R 3 1] Occlusion
Bilateral, L 0 1] Normal
L: left; R: right

Table 2 Classification of the PAES according to Rich'?

Type | : PA has an aberrant medial course around the MHGM, which has a normal insertion above the femoral condyle.
Type Il : MHGM is inserted more laterally on the distal femur, with medial displacement of PA.

Type Il : An aberrant accessory slip of MHGM slings around and surrounds the PA normally positioned.

Type IV : PA is located deep in the popliteal fossa and entrapped by the popliteus muscle or fibrous bands.

Type V : Any form of entrapment that involves both PA and PV.

PAES: popliteal artery entrapment syndrome; MHGM: medial head of the gastrocnemius muscle; PA: popliteal artery; PV: popliteal vein

Surgical management

To be free from compression, all but one procedure
had been undertaken by myotomy of the MHGM or
abnormal musculotendinous slips via a posterior
approach. Remaining one limb, which had been pre-
viously treated with musculotendinous section at
other hospital, was treated with a revascularization
procedure only due to occlusion of the prior inter-
posed vein graft. Among the 28 limbs treated with
myotomy, four without arterial damage were man-
aged solely with myotomy. Revascularization proce-
dures were performed in 25 limbs. Twenty-four limbs

were treated with interposition of the damaged pop-
liteal artery with saphenous vein grafting via a poste-
rior approach. In most cases of a posterior approach,
the contralateral great saphenous vein was harvested
in the supine position, and the patient’s position was
changed to prone for the revascularization procedure.
The one revascularization case that had already been
treated at another hospital with the interposition of
the popliteal artery and musculotendinous section
was treated with a superficial femoral artery — below
the knee popliteal artery bypass with autogenous
vein grafting (Table 3).

30

Annals of Vascular Diseases Vol. 7, No. 1 (2014)



Surgery for Popliteal Artery Entrapment Syndrome

Table 3 Summary of surgical procedure and the outcomes

Patient number

Surgical procedure

Graft or native artery patency

Adjunctive procedure

1 MTS + Interposition Patent
MTS + Interposition Patent
2 MTS + Interposition Patent
MTS Patent
3 MTS + Interposition Patent
4 MTS + Interposition Patent
5 MTS + Interposition Occluded Bypass surgery
MTS Patent
6 MTS + Interposition Patent
7 MTS + Interposition Stenosis Myomectomy
8 MTS + Interposition Patent
9 MTS + Interposition Patent
10 MTS + Interposition Patent
11 MTS + Interposition Patent
12 MTS + Interposition Patent
13 MTS + Interposition Patent
14 MTS + Interposition Patent
15 MTS + Interposition Patent
16 MTS + Interposition Patent
17 MTS + Interposition Stenosis Myomectomy
18 MTS + Interposition Patent
19 MTS Patent
SFA-PPA bypass Patent
20 MTS + Interposition Patent
21 MTS + Interposition Patent
22 MTS + Interposition Patent
23 MTS + Interposition Patent
24 MTS + Interposition Patent
MTS Patent

MTS: musculotendinous section; SFA: superficial femoral artery; PPA: below the knee popliteal artery

Early postoperative period

There were no severe morbidities, including nerve
palsy, in the early postoperative period. In addition,
there were no mortalities or amputations, and the
foot ulcer healed in approximately two months. The
mean postoperative ABI value was 1.00 £ 0.10 (range,
1.10-0.90).

Long-term follow-up

During the long-term follow-up period (mean, 68
months; range, 1-120 months), three limbs required
reoperation. Two limbs developed stenosis of the
interposed vein graft due to hypertrophy of the rem-
nant musculotendinous slips, and further resection of
the musculotendinous slips was performed at 10 and
40 months after the previous operation, respectively.
One limb exhibited occlusion of the interposed graft
at 84 postoperative months and was treated with a
superficial femoral artery — below the knee popliteal
artery bypass with autogenous vein grafting. The
overall primary graft and native popliteal artery
patency rates at one and five years were 96.3% and
91.9%, respectively (Fig. 1).

Discussion

The clinical diagnosis of PAES relies on the recogni-
tion of a history of calf claudication in young and
often athletic individuals that is sometimes accompa-
nied by paresthesia of the foot. Although a positive
stress test consisted of an ABI drop of greater than
0.50 by active plantar flexion is used for diagnostic
screening,'? it is not a reliable diagnostic test'? and
was not performed in this study. The symptoms of
PAES occur due to arterial wall degeneration, which
depends on the degree of compression, the magnitude
of the forces exerted on the popliteal artery and the
duration of compression.'? Left untreated, the com-
pression mechanism frequently results in the deterio-
ration of the popliteal artery, which may progress to
eventual occlusion. Sinha, et al.’® reported that
PAES occludes the popliteal artery in 24% of patients
and changes the popliteal artery to poststenotic dila-
tation or aneurysmal formation in 13.5% of patients.
In our cases, 62% of the affected popliteal arteries
were occluded, and 10.3% of the popliteal arteries had
changed to poststenotic and/or aneurysm formation.
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Fig.1 Primary graft or native popliteal artery patency
rates. There are 96.3% and 91.9% at 1 and
5 years, respectively. SE: standard error.

This is why the patients in the study group may suffer
from compression of the popliteal artery during long-
term periods. Intermittent claudication is the most
common presenting symptom. However, PAES results
in acute limb ischemia in 11% of patients because
distal emboli may develop as a consequence of focal
thrombus formation at the site of entrapment or
from popliteal aneurysm formation.'>1¢) In our cases,
three limbs exhibited the sudden onset of symptoms
due to the formation of distal emboli, and four limbs
demonstrated radiographically distal emboli. There-
fore, the sudden onset of severe disabling claudica-
tion in a young adult without atherosclerotic risk
factors is highly suggestive of popliteal artery occlu-
sion due to entrapment. Furthermore, in patients
with PAES, it is helpful to apply diagnostic proce-
dures on the contralateral side, as entrapment occurs
bilaterally in 25% to 80% of patients.”

The primary objective of surgical treatment for
PAES is to free the patient from symptoms. A further
objective is to avoid damage to the arterial wall from
the formation of arterial thrombi and prevent periph-
eral embolization. Various treatment approaches for
PAES have so far been described. Surgical options
include thrombectomy and/or endarterectomy with
patch angioplasty, an autogenous vein bypass graft or
segmental arterial resection with graft interposition
using autogenous or prosthetic grafts.!”) Interposi-
tion of vein grafting outperforms thromboendart-
erectomy and vein patching for stenosis, with a

complication rate of 16.7% compared to 45.5%
(P <0.01).'® The patency rate of bypass surgery using
vein grafts has been reported to be 57%—-65% over a
period of 8-10 years.'>?% Levien, et al.'”) reported a
case series of 66 limbs that underwent musculotendi-
nous section and 16 limbs that underwent segmental
replacement of the occluded popliteal artery with a
reversed saphenous vein. All limbs in the solely mus-
culotendinous section group remained with a patent
popliteal artery during the follow-up period (median,
3.9 years). The limbs treated with interposition with
vein grafts also showed no graft occlusion (median,
4.2 years). On the other hand, di Marzo, et al.??
reported that 15 limbs that underwent revasculariza-
tion procedures exhibited a patency rate of 65% (at
a mean follow-up of 107 + 8 months). The revascu-
larization procedures consisted of nine interposition
procedures with vein grafts and six bypass surgeries
with vein grafts. Kim, et al.?! also reported that
bypass surgery is associated with a worse patency
rate than interposition procedures (5-year, 30.0%
versus 85.9%; P =0.15). Comparing these reports, it
can be presumed that short interposition vein graft-
ing has a better patency rate than long bypass vein
grafting. In our revascularization group, most
patients underwent interposition procedures, and
revascularization procedures for PAES should be
performed using interposition of the popliteal artery
with autogenous vein grafts when possible. In three
failure cases of primary graft patency, two grafts
were occluded due to hypertrophy of the remnant
musculotendinous slips. Therefore, the total resec-
tion not section of the abnormal musculotendinous
slips might be performed for long-term graft patency.
Therefore, most cases have been treated by the resec-
tion of musculotendinous slips in our institute.

There are several limitations to this study, the fore-
most being the small sample size. Although only a
small number of patients were enrolled in the cur-
rent study, our results demonstrated that the out-
comes of surgical treatment for PAES are effective
and feasible. As PAES is not a common disease, these
limitations will need to be examined in the future
with further data collection.

Conclusion

The treatment for PAES consists of releasing the pop-
liteal artery from compression and preserving the

32

Annals of Vascular Diseases Vol. 7, No. 1 (2014)



Surgery for Popliteal Artery Entrapment Syndrome

popliteal arterial flow. The total resection of the abnor-
mal musculotendinous slips might be more effective
to be free from the compression. If a revasculariza-
tion procedure is required, then the interposition of
the affected popliteal artery should be performed
with autologous vein grafting via a posterior approach
to obtain long-term graft patency.
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