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ABSTRACT: Objectives: There is no standardized endovascular technique for treatment of
popliteal artery entrapment syndrome (PAES). We retrospectively evaluated technical aspects and
results of endovascular treatment with surgical releasing of popliteal artery for PAES. Methods:
Five patients (all male; mean age, 33 years; range, 21 to 55 years) who underwent endovascular
recanalization combined with surgical releasing of popliteal artery for PAES in a 3-year period were
reviewed retrospectively. Balloon angioplasty was used for all patients, and manual aspiration
thrombectomy was used when required to remove thrombus to restore blood flow in the popliteal
artery. Musculotendinous resection and popliteal artery release was performed surgically in all patients
after the endovascular treatment. Results: Endovascular techniques and surgical decompression
were successful in all patients with an initial technical success rate of 100%. Primary and secondary
patency rates were 60% and 60% respectively at a median follow-up of 64 months (range, 41-100
months). Three of 5 patients had an uneventful long-term follow-up. After treatment, thrombosis of
the popliteal artery was observed in 2 patients, one of whom underwent endovascular treatment
again at 4 and 18 months. That patient presented with a delayed thromboembolic occlusion in
follow-up. Another patient with rethrombosis of the popliteal artery refused additional endovascular
intervention and underwent bypass surgery. Conclusions: Endovascular treatment with surgical
decompression of popliteal artery is a potential alternative treatment for PAES that is less invasive
and offers an alternative to conventional bypass surgery, especially for young patients.

VASCULAR DISEASE MANAGEMENT 2015;12(5):E77-E83

Key words: popliteal artery, entrapment syndrome, endovascular treatment

Vascular Disease Management® May 2015 77



ORIGINAL RESEARCH

opliteal artery entrapment syndrome (PAES)
1s an uncommon clinical entity resulting from
compression of the popliteal artery by adja-
cent muscle and/or tendinous structures in the popli-
teal fossa. This compression results in repetitive micro-
trauma and early atherosclerosis leading to popliteal
artery stenosis or occlusion."” The different types of
PAES are the most common cause of limb ischemia in
patients younger than 50 years of age.’

The principles of treatment in PAES with popliteal
artery occlusion are to release the entrapped vessel and
restore normal blood flow to the limb. This 1s conven-
tionally achieved by surgical release of the compressing
structure either by a venous bypass or interposition
graft.” Another treatment option is endovascular re-
vascularization followed by surgical decompression to
restore normal blood flow to the limb. However, there
have only been a few reports describing endovascular

revascularization followed by surgical decompression.>*

The aim of this retrospective study is to report the
long-term results of endovascular treatment combined
with surgical decompression of the entrapped popliteal

artery in patients with PAES.

MATERIALS AND METHODS
Between September 2007 and January 2010, 5 patients

(all male; mean age, 33 years; range, 21 to 55 years)
underwent endovascular recanalization and surgical de-
compression of an entrapped popliteal artery and the
files of these patients were reviewed retrospectively. All
of these patients were included in the study. All patients
were symptomatic. Four patients had intermittent clau-
dication (Rutherford category II to III) that ranged
in duration from 1 to 9 years, and 1 patient had acute
leg ischemia that lasted 5 days. Demographic factors,
procedural and angiographic findings, and outcome
variables are shown in Table 1.

In all patients, the diagnosis of popliteal artery stenosis

Table 1. Patients’ Demographics, Procedure Details, Outcomes, and Follow-up

Age Site PAES Distribution of Arterial Endovascular Timing of  Successful Primary Secondary Patency on
9 Type Disease Treatment Surgery Recanalization = Patency Patency  Follow-up
Occlusions of popli- .
1 R I I teal and proximal parts LG, popllteal_ 1 week Yes 41 - Patent
. and crural arteries months
of crural arteries
Occlusion of popliteal MAT and PTA of 62
2 L m artery with patent cru- popliteal and cru- 2 weeks Yes - Patent
. . months
ral arteries ral arteries
Stenosis of popliteal
and femoral arter- Stenting of SFA 4
3L m num ies and occlusions of and PTA of popli- 1 week Yes 53 months Occluded
g months
distal part of all crural teal artery
arteries
Occlusion of popliteal .
4 R I I artery with patent Al @ ZE e 2 weeks Yes e - Patent
. artery months
crural arteries
Occlusion of popliteal .
5 R I ! artery with patent FUNCUGLRINE 2 weeks Yes 1 month - Occluded
. artery
crural arteries
Abbreviation: PAES, popliteal artery entrapment syndrome; R, right; L, left; PTA, percutaneous transluminal angioplasty; MAT, manual
aspiration thrombectomy; SFA, superficial femoral artery.
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Table 2. Classification of Popliteal Artery Entrapment Syndrome According to Whelan and Rich Classification

Type 1 Aberrant course of the popliteal artery medial to a normal MHG

Type 2 Abnormal lateral insertion of the MHG and medial deviation of the popliteal artery

Type 3 Compression of a normally positioned popliteal artery by an accessory slip of the MHG

Type 4 Abnormal location of the popliteal artery, deep in the popliteus muscle or beneath fibrous bands in the popliteal fossa
Type 5 Any form of the entrapment that involves both the popliteal artery and vein

Abbreviation: MHG, medial head of gastrocnemius muscle.

or occlusion was established with color Dopplerultraso-
nography (CDUS) or magnetic resonance angiography
(MRA) and confirmed with angiography during the
endovascular procedure. Compression of the popliteal
artery secondary to PAES was established with magnetic
resonance imaging (MRI) 1n all patients. MRI images
were obtained using one of two 1.5-T scanner units
(Vision Plus or Avanto; Siemens) containing a standard
knee coil. MRI images were examined for abnormal
deviation of the head of gastrocnemius muscle, an in-
sertion abnormality of the gastrocnemius muscle, the
presence of aberrant fibrous bands, and aneurysm and/
or thrombosis of the popliteal artery in each patient.
Subtypes of PAES were determined using MR I accord-
ing to the Whelan and Rich classification (Table 2).>°

ENDOVASCULAR PROCEDURE

All endovascular treatments were performed in the
angiography unit (Multistar; Siemens or Innova 3100
IQ; General Electric) under local anesthesia supple-
mented with intravenous sedation and analgesia using
midazolam and fentanyl citrate.Access to the artery was
obtained through the common femoral artery using the
antegrade approach in all patients.Additional retrograde
tibial artery access was obtained when recanalization
of the occlusion was not possible from the antegrade

approach. Heparin was administered intra-arterially at

a dose of 5,000 IU after placement of a vascular sheath.
The occlusion or stenosis of the popliteal artery was
traversed using hydrophilic guide wires (Glidewire;
Terumo). The lesions were then dilated using 5-mm
to 6-mm balloons (Sterling or Ultrathin; Boston Sci-
entific).Percutaneous manual aspiration thrombectomy
(MAT) using 5 Fr to 6 Fr Envoy guiding catheters
(Cordis) was performed when there was an associated
thrombus after balloon dilatation in order to eliminate
thrombotic and/or embolic material in the popliteal
or crural arteries. If there were additional lesions of the
superficial femoral or crural arteries, balloon dilatations
were performed. A self-expanding nitinol stent (Pro-
tege; ev3) was deployed if there was residual stenosis of

more than 30% in the superficial femoral artery.

SURGICAL PROCEDURE

The patients in the study group were surgically op-
erated using a decompression procedure after the en-
dovascular intervention. All patients were given low
molecular weight heparin after endovascular treatment
until surgical decompression. The patient was placed
on the operating table in prone position. In surgery,
the posterior approach with general anesthesia and S-
shaped incision in the popliteal fossa, which enables
complete exposure of the popliteal artery and its sur-

rounding structures, was used to enter the popliteal
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Figure 1. A 29-year-old male with popliteal artery occlusion (popliteal artery entrapment syndrome type 1).
Selective right limb angiography shows medial deviation and occlusion of the popliteal artery (arrow) (A). Axial
T2-weighted MR image reveals lateral location of the medial head of the gastrocnemius muscle (white arrow)
crossing the popliteal artery (black arrow) (B). After balloon angioplasty, control angiography shows recanalization

of popliteal artery (C),

fossa. A constricting band formed by the medial head of
the gastrocnemius muscle was excised.

Clopidogrel and acetylsalicylic acid were administered
to all patients after decompression surgery. Only 1 patient
needed warfarin sodium after the second intervention
when he presented with thrombotic occlusion. Follow-
up examinations were done at 1, 6, and 12 months and
then every year and consisted of clinical evaluation and
CDUS. Contrast-enhanced MR A was also obtained at
the yearly follow-up appointments. A last follow-up was

performed for all patients on March 2013.

RESULTS

Type 1 PAES was diagnosed in 2 limbs, Type 2 in 1
limb and Type 3 in 2 limbs using MRI according to
the Whelan and Rich classification.”® Arteriography

revealed popliteal artery occlusion in four patients and
stenosis in 1 patient (Figure 1).Additionally, the occlu-
sive lesion in the popliteal artery extended to the distal
femoral artery in one patient, and crural arteries in 2
patients.Angiograms of the patients were examined one
by one.All patients, except patients with acute ischemia,
developed many collateral arteries. Furthermore, 1 pa-
tienthad asmall popliteal artery aneurysmatic dilatation.

Technical success, defined as successful negotiation of
the occlusion and patency after balloon dilatation using
the endovascular method, was achieved in all patients.
The antegrade approach via the femoral artery was suc-
cessful in 4 patients, but 1 patient required a retrograde
approach via the anterior tibial artery when the occlu-
sion could not be negotiated from the antegrade ap-

proach. Balloon angioplasty of the popliteal artery was
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Figure 2. MR angiography at 2 years after the
treatment reveals a patent popliteal artery with a
mild dilatation.

performed in all patients. Additional treatments such as
MAT in 1 patient to eliminate thrombus in popliteal
and crural arteries,balloon angioplasty of crural arteries
in 2 patients, and stenting of distal femoral artery in 1
patient were required.

Musculotendinous resection and popliteal artery re-
lease was performed in all patients. The time interval
between endovascular treatment and decompressive

surgery varied from 1 to 2 weeks. After decompres-

sion surgery, all patients were discharged within 2 days.

All patients were asymptomatic immediately after the
endovascular and surgical treatments.

The surgical and endovascular outcomes were good

and there were no intraoperative or postoperative com-
plications. The patients had a median follow-up of 64
months (range,41-100 months). Three of 5 patients had
an uneventful, long-term follow-up and did not need
any further intervention. Follow-up CDUS or MRA
revealed patent popliteal arteries in these patients, but
1 patient had a small popliteal artery aneurysm visual-
ized by MRA at 2 years (Figure 2). Two patients had
recurrent thrombosis of the popliteal artery after treat-
ment. One of these patients had repeated endovascular
treatments at 4 and 18 months because of rethrombosis
of the femoral and popliteal arteries. This oldest patient
had the worst distal run-oft (distal embolic occlusions
of all crural arteries) and concomitant atherosclerotic
stenosis of the distal femoral artery treated by stent-
ing. After repeated endovascular treatments, he was
asymptomatic. However he presented with a delayed
thromboembolic occlusion in his follow-up, therefore
below-knee amputation was performed in another
institution 30 months after the first intervention. In
another patient, recurrent thrombosis of the popliteal
artery was observed 1 week after the decompressive
surgery. This patient refused endovascular reinterven-

tion and underwent bypass surgery.

DISCUSSION

Popliteal artery entrapment syndrome is an unusual
but important cause of acute or chronic lower limb
ischemia. Symptoms usually develop over time, but
acute onset may occur due to acute thrombosis of the
lower limb arteries. Abnormal position of the popliteal
artery and/or the adjacent structures may cause repeti-
tive compression or microtrauma to the popliteal artery

and may result in popliteal artery stenosis or occlusion,
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leading to foot or calf claudication. Additionally, pop-
liteal artery aneurysm, pseudoaneurysm, early athero-
sclerosis, thrombosis, or distal embolism may occur.”®

Early diagnosis, prior to the occurrence of irreversible
changes,including premature atherosclerosis,aneurysm
and/or thromboembolism, is important. If diagnosed
and treated early, the outcome of PAES after treatment
1s generally good,but any delay in treatment when there
is extensive arterial occlusion may result in perma-
nent claudication or even limb loss.”” The conventional
treatment consists of surgical revascularization of the
occluded artery and/or release of entrapped popliteal
artery. Although early surgical treatment has a good
outcome, definitive diagnosis is usually delayed because
PAES is often seen in young patients in whom tradi-
tional cardiovascular risk factors are not evident, and
thus vascular disease typically is not considered.*?

The standard surgical treatment consists of release of
the abnormal muscle, tendon or fibrous bands, throm-
bectomy by incision with or without patch angioplasty
(in case of longitudinal incision). Another treatment
option after decompressive surgery 1is arterial recon-
struction using a venous interposition bypass graft or
arterial bypass.'”'* Early diagnosis may permit treat-
ment with musculotendinous release alone, without
arterial bypass. It has been reported that treatment at
an early stage by simple division of the musculotendi-
nous tissue leads to a 94% patency rate of the popliteal
artery after a mean follow-up of 46 months. However,
the long-term patency rate in patients who required
arterial grafting was only 58% after a mean follow-up
of 43 months.”

Endovascular treatment of popliteal artery occlusion

due to PAES has only been reported in small case series.

In most of those studies, endovascular treatment such
as catheter-directed thrombolysis was reported as an
adjunctive therapy to avoid arterial bypass, decrease the
extent of the vascular reconstruction, or improve distal
run-oft.»" Thus there are limited data concerning the
use of endovascular treatment of PAES as primary treat-
ment. Hence, the safety and efficacy of endovascular
treatment have not been well established. In a study of
3 patients with PAES with thrombotic and/or embolic
complications treated by a combination of endovascular
treatment and surgical release, the procedures proved
successful in all patients with continued patency at the
1-year follow-up appointment.’ In another study con-
sisting of 3 patients receiving endovascular treatment, 1
patient was asymptomatic at the 1-year follow-up, and
the second patient had a popliteal artery aneurysm 4
months after the index procedure. The third patient had
restenosis of the popliteal artery, which was successtully
treated with angioplasty at 2 years. The same patient
had occlusion of the artery due to a small aneurysm 4
years later.* Three of 5 patients in our study had an un-
eventful follow-up at 3-8 years. Two patients had early
rethrombosis of the popliteal artery,and of them one had
successful repeat endovascular treatments. However that
patient presented with a delayed thromboembolic oc-
clusion in follow-up, therefore below-knee amputation
was performed after the third intervention. The second
patient who had rethrombosis of the popliteal artery
refused reintervention and underwent bypass surgery.
After successful endovascular treatment of patients, one
small popliteal artery aneurysm without any complica-
tion was observed. According to these small case series
and our results, the main advantage of recanalization of

the native popliteal artery by endovascular treatment
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1s that it avoids bypass surgery in these patients, many
of whom are young.

In conclusion, early diagnosis and surgery with
musculotendinous release alone in patients who do
not need arterial grafting results in a good outcome,
so this should be the first-line treatment option in
such patients. However, it 1s known that vessels of
patients with advanced disease that require arterial
grafting have poor long-term patency, so endovascu-
lar recanalization of the popliteal artery with surgical
decompression may be an alternative treatment to
conventional bypass surgery, especially for young pa-
tients. Careful follow-up of these patients is necessary
because reocclusion is a possibility. Even if restenosis
or rethrombosis of the popliteal artery is observed,
repeated endovascular interventions or surgical bypass

may provide successful recanalization. ll
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