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CHAPTER 27

Critical Ischemia of the Lower Limb Associated
with Popliteal Artery Aneurysms

Giulio Illuminati, Francesco G. Caliod, Antonio D’Urso, Francesco Vietri

hrombosis and distal embolization are the

mechanisms by which popliteal artery

aneurysms may lead to ischemia of the lower

limbs. Thrombosis usually proceeds slowly and
is anticipated by multiple embolic events that reduce the
distal run off, thereby increasing resistance to outflow
within the aneurysmal sac and finally precipitating
occlusion. The incidence of distal embolization is esti-
mated of about 25% of the patients bearing popliteal
aneurysms (1-3). This figure, however, probably undere-
stimates its real incidence, as this latter varies with the
care paid to the interpretation of angiograms.

In a few patients the slowly occurring process of
thrombosis allows a collateral circulation to develop,
thus avoiding the clinical picture of acute ischemia of the
limb. It should be remembered that aneurysms of the
popliteal artery are often associated, up to 40% of the
cases, with aneurysms in other arterial sites, including
the infrarenal aorta, which should be looked for and
subsequently treated (4,5).

The great majority of popliteal aneurysms is non
specific in its aetiology, as they are improperly called
atherosclerotic aneurysms. Septic, dysplasic, and false
aneurysms are rare: the present chapter will deal exclu-
sively with critical ischemia associated with non specific
popliteal aneurysms.

The typical patient with critical limb ischemia due to
a complicated popliteal aneurysm is a man in the
seventh-eight decade of life, with sometimes a history of
leg swelling and local pain, and an incidence of risk fac-
tors, which is superposable to that of atherosclerotic
arterial diseases at other sites. At physical examination
ipsilateral popliteal pulse is obviously absent, whereas
the contralateral may be aneurysmal, the leg is ischemic,
with rest pain, often with swelling and cyanosis, and/or
distal trophic lesions. Motory and sensory loss is absent.

Although critical ischemia is a severe condition, it
still leaves enough time for a thorough study of the
patient, in order to plan optimal treatment. Intravenous
heparin should be started immediately, in order to
achieve a PTT twice the normal values, and a complete
arteriogram of the abdominal aorta-and the lower limbs
should be obtained, with non longer than a couple of
days delay. Although Duplex Ultrasound alone already
enables correct diagnosis to be made, arteriography is
the key in planning treatment. Nevertheless, Ultrasound

remains a useful diagnostic tool, as it can reveal a con-
comitant thrombosis of the popliteal vein, to be kept in
mind, for the risk of possible pulmonary emboli, due to
mobilization during lytic therapy or surgical manipula-
tion.

When a patient with popliteal aneurysm presents
with critical ischemia, corresponding to grades Il and 1Il,
categories 4 and 5 (6,7), angiographic aspects may be
different.

A narrow-lumen popliteal artery with one outflow
vessel to the leg may be present, with a scarce or absent
outflow below the ankle. A thrombosed above/below
knee popliteal artery with late opacification of the pero-
neal or a tibial artery may also be the case. Thrombosis
of the popliteal artery, with absence of leg outflow ves-
sels and more or less developped collaterals may be evi-
dent. This latter situation is more frequently associated
with acute, sensory-motor ischemia, than with critical
ischemia. When angiography demonstrates a tiny popli-
teal artery, with an outflow vessel, whose origin is
abnormal, kinked or stenosed, by-pass grafting to this
vessel should be performed immediately below its ori-
gin, as in this case the popliteal artery aneurysm invol-
ves the origin of the anterior tibial artery and tibio-pero-
neal trunk. This condition occurs in nearly 40% of the
popliteal aneurysms (8). In this case, dissection and
excessive manipulation beginning from the distal
aneurysmal popliteal artery down to the outflow vessel
beside being unuseful may expose to further dislodge-
ment of fresh thrombus from the artery to distality, and
from an eventually partially thrombosed vein to the
lungs. When the aneurysm is thrombosed and no distal
run off can be visualized on arteriogram, intraarterial
catheter directed thrombolysis is the best alternative to
blind surgical exploration. The rationale for intraarterial
preoperative thrombolysis is restoration of limb perfu-
sion and arterial run off, in order to identify the best
recipient axis for bypass grafting. As patients in critical
ischemia do not require immediate revascularization, but
can withstand an additional period of ischemia, they are
particularly fit for a staged treatment, namely preopera-
tive thrombolysis/surgical revascularization (9). In a
recent series, of 13 patients presenting with acute
thrombosis of a popliteal aneurysm, thrombolysis was
successful in restoring outflow and directing appropria-
te grafting in 77% of the patients (9).
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Several large series are available on the overall clini-
cal features and surgical treatment of popliteal
aneurysms (1,2,4,10-17). On the other hand, series
dealing with management of thrombosed popliteal
aneurysms and the ensuing ischemia are limited to a
relatively small number of patients (9,18). Overall, graft
patency and limb salvage rate are respectively of 50-
70%, and aver 90% at 5 years in the largest series
(1,2,4, 10-20). In the acute or critical setting results are
less encouraging, with an amputation rate reaching
30% (5).

Personal experience is limited to 4 cases, all males,
of a mean age of 74 years. All presented with critical
lower limb ischemia as defined above (6,7). At arterio-
graphy, a thrombosis of the popliteal artery at the knee
joint was present in two patients. Both of them under-
went thrombolysis which failed to restore a distal run off
in one patient, who subsequently required an above-
knee amputation. In the other patient thrombolysis
restored a narrowed popliteal artery ending on a good
quality peroneal artery. He underwent a successful
superficial femoral to peroneal artery bypass graft with
a reversed, orthoanatomic saphenous vein, which
remains patent at 23 months (Figure 1).

The remaining two patients presented with a par-
tially thrombosed popliteal artery continuing respecti-
vely with a peroneal and posterior tibial artery in one
case and the anterior tibial artery in the other. In the first
one a reversed saphenous vein was grafted from the
above knee to the below knee popliteal artery.

In the second one aneurysm was excluded and a
reversed saphenous vein was grafted from the superfi-
cial femoral to the anterior tibial artery htrough the inte-
rosseous membrane. Both grafts are patent, respecti-
vely at 44 and 37 months.

In conclusion, crirical ischemia associated with
aneurysms of the popliteal artery is a challengig sondi-
tion for treatment directed to limb salvage.
Arteriography is mandatory for planning appropriate
treatment. Whenever the aneurysm is trhombosed and
distal run off is not clearly opacified, intraarterial throm-
bolysis is the preliminary treatment of choice, in order
to identify a possible, good quality receiving axis for
bypass grafting. Whenever the distal popliteal artery
appears unsuitable for grafting, revascularization should
be directed without hesitating to the best patent distal
axls.

FIGURE 1
Intraoperative view: detail of distal
anastomosis in a superficial femoral
to peroneal artery saphenous by-pass
for thrombosed popliteal aneurysm.
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CHAPTER 28

Popliteal Vascular Entrapment

And Critical Limb Ischemia

Luca di Marzo, Paolo Sapienza, Antonino Cavallaro

opliteal Arterial Entrapment (PAE) was first

reported in 1879 by Stuart, a medical student

at the University of Edinburgh. Mr. Stuart

observed, during the dissection of an amputa-
ted leg of a 64-year-old man, a popliteal artery coursing
around the medial head of the gastrocnemius muscle
and aneurysmal changes in the popliteal artery distal to
the point of external muscular compression (1). The first
case of Surgical Treatment of PAE was reported in
1959, in a 12- year-old boy complaining claudication
after walking 300 meters. At surgical exploration, Dr.
Hamming, at the Leyden University in The Netherlands,
found an occluded artery with an anomalous course
medial to the medial gastrocnemius muscle. He transec-
ted the muscle and performed a successful popliteal
artery thromboendoarterectomy (2).

Many case reports have been published in the follo-
wing vears but the majority of the series comprised a
small number of patients (3,4) and collecting series were
uncompleted for a lack of details and patient follow-up
(5). In 1979 we treated our first case of arterial entrap-
ment in a 15-year old girl. The popliteal artery was
compressed by the soleus muscle, causing intermittent
claudication. Surgical resection of the soleus muscle
relieved symptoms. The patient returned to a normal
life, married and had a child after 7 years. She is still in
good condition and does not complain symptoms rela-
ted to her syndrome. In 1998, in Rome, the Popliteal
Vascular Entrapment Forum, was founded. Surgeons
with the largest experience on this field all over the
world were invited as founding members of the Forum.
Great effort was addressed to collect different series with
comparable criteria. The criteria established by the
Society for Vascular Surgery were reviewed and accep-
ted with enthusiasm and minor changes. Common opi-
nion was to consider both the arterial and venous
entrapment as a common disease defined vascular
entrapment. A large discussion was made on the func-
tional form of entrapment. This was first described by
Rignault et al. (6) in 1985 and describes cases in which
the anatomy of the popliteal fossa is normal. Symptoms
are usually caused by hypertrophy of the muscles deter-
mining a compartment syndrome.

Functional entrapment was included in the classifica-
tion as type F (Table I).

Embryology and anatomy

The arterial system of the leg develops from two
embryonic arteries, both of which take origin from the
umbilical artery, a branch of the dorsal aorta. The axial
artery is first identifiable in the 5-6 mm embryo (30 days
intrauterine life). The external iliac artery appears in the
8 mm embryo (32 days intrauterine life) and subse-
quently give rise to the femoral artery when the embryo
reaches the 11-12 mm stage (38 days intrauterine life).
The axial artery runs longitudinally within the posterior
compartment of the leg, while the femoral artery elon-
gates in the anterior compartment. In its course behind
the knee, the axial artery lies deep to the developing
popliteus muscle (14 mm embryo, 42 days intrauterine
life). At this stage the axial artery is divided in three seg-
ments: 1-proximal to (termed arteria ischiadica), 2-deep
to (termed arteria poplitea profunda), and 3-distal to
(termed arteria interossea) the popliteus muscle. At this
stage a bridging vessel, the ramus communicans supe-
rius, enters the popliteal fossa through the adductor hia-
tus, acting as a conduit between the femoral artery and
the arteria ischiadica.

At the 18 mm stage (48 days intrauterine life), the
arteria ischiadica gives rise to a branch at a point just
proximal to the upper border of the popliteus muscle.
This vessel runs superficial to the popliteus muscle (ter-
med arteria poplitea superficialis) and distally joins the
arteria interossea. The arteria poplitea profunda oblite-
rates. The adult popliteal artery is therefore the product

TaBLE 1

Classification of compressing structures
causing PAE

Type I:  Popliteal artery running medial to the

medial head of gastrocnemius.

Type Il: Medial head of gastrocnemius laterally
attached.

Type lll: Accessory slip of gastrocnemius.

Type IV: Popliteal artery passing below popliteal
muscle and medial head of gastrocnemius.

Type V: Primary venous.

Type VI: Variants.

Type F:  Functional.
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of fusion of several embryonic elements. Both heads of
the gastrocnemius muscle arise from the femoral
epiphysis. As the infant develops, the origins of this
muscle migrate cranially across the epiphysial plate on
to the femoral metaphysis. As a results of differential
movement of the two heads of gastrocnemius, the
medial head eventually comes to lie in a more proximal
position on the femoral shaft than the lateral head. The
origin of the medial head of gastrocnemius in the adult
lies directly caudal to the adductor hiatus, with the popli-
teal artery lying immediately lateral to it. The embryolo-
gic studies of the popliteal artery entrapment syndrome
pointed to a developmental error in the stage of embr-
yonic life between 14 and 22 mm, consisting of an
abnormal migration of the medial gastrocnemius
muscle, which does not complete its medially and cra-
nially directed course or it catches the popliteal artery,
which sleeps along medially with it. Developmental ano-
malies of the popliteal artery, with persistence of its ven-
tral component, could account for the rare instances of
entrapment caused by the popliteus muscle. However, a
single anomaly can not explain the final situation: often
in fact the abnormalities are complex thus not permit-
ting a complete embryologic explanation (7). The popli-
teal vein is involved more rarely because its embryologic
development happens later as compared to the artery.
The recently proposed modification of the classification
tried to cover the most frequent embryologic anomalies
and to classify the most rare as variants.

Incidence and demographics

Since its first mention in 1879 (1), PAE has been
described with an increasing frequency in the world lite-
rature. Gibson et al. (8) observed an incidence of 3.8%
in a series of 86 postmortem limb examinations.
Bouhoutsos and Daskalakis (9) treated 33 patients
screened out of a series of approximately 20,000 young
vascular patients; the incidence was 0.165%. In a pre-
vious study (10) at our institution we detected a similar
incidence (2 cases out of 1212 patients studied during a
period of 21 months). The real incidence of PAE is still
difficult to calculate precisely because the diagnosis may
be difficult at an early stage of the disease and some
cases may be dismissed. However, all data from the lite-
rature indicate that the syndrome is more prevalent than
has formerly been appreciated (11). In our series, com-
prising a total of 35 patients, PAE usually affected
young males (age range 30-40 years) with a male/fema-
le ratio of 3.2:1. The latter differs from the data of the
literature in which up-to-now a ratio of 10:1 has been
reported. This is probably due to the fact that we are a
referring center for PAE and we see and operated on for
a great number of patients.

Bilateral PAE has been described during the years
more and more often. In our experience we found 20
(57.1%) patients having a bilateral PAE. Two limbs were
left untreated because they were asymptomatic and
were followed-up. One patient was surgically explored
but vascular reconstruction was felt at risk of early
thrombosis because of the poor run-off status. The
patient is still claudicant with a walking distance of 300
meters. The popliteal vein was concomitantly involved
in 9 (15.8%) limbs of our series.

Signs and symptoms

Symptoms and signs in patients affected with PAE
may be extremely variable. We categorized (12) two sta-
ges of this disease: 1-early and 2-advanced. A grading
scale of symptoms was also proposed. According to the
following classification symptoms should be categorized:
class 0, asymptomatic; class 1, pain, paresthesia, and
cold feet after physical training (jogging and heavy work)
in nonprofessional athletes; class 2, claudication (> 100
meters) while walking; class 3, claudication (< 100
meters) while walking; class 4, rest pain; class 5, necro-
sis. In addition, all tests proposed by the Society for
Vascular Surgery/North American Chapter should be
adopted to better categorize the disease (13). At an
early stage symptoms may range from the absence of
them to pain, paresthesia and cold feet after physical
training (jogging or heavy work) in nonprofessional ath-
letes. In the advanced stages, the popliteal artery may
undergo the typical changes seen in the advanced athe-
rosclerotic process with the occurrence of post-stenotic
aneurysmal dilatation or thrombosis. In such cases the
usual presenting symptoms range between intermittent
claudication to rest pain and necrosis. Because of the
richness of the collateral circulation at the knee level
through the superior, middle and inferior genicular arte-
ries when the popliteal artery is occluded, complaints
may be limited to mild claudication while walking.
Prolonged disease with a supra-imposed atherosclerotic
process may progress to a stable degeneration of the
distal branches (tibioperoneal trunk and anterior tibial)
with a deterioration of the run-off. The occurrence of
post-stenotic aneurismal dilatation is rare (in our series
8 limbs out of 57). In such cases the popliteal aneurysm
may be a source of embolization with the consequent
risk, if left untreated, of limb loss and aneurysm compli-
cation. It is well known that complication occurs in 18%
to 31% of all patients with popliteal aneurysm who did
not undergo operation and that the incidence of limb
loss increases dramatically once complications of the
aneurysm have occurred, even with operative interven-
tion (14). Overall in our experience we observed 26
(45.6%) limbs having symptoms of class 1, 20 (35.1%)
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ween the popliteal artery and
its surrounding musculotendi-
neous  structures.  Others
(15,16) described a compart-
ment syndrome resembling a
popliteal entrapment in well-
conditioned athletes. Athletes

can, in fact, complain of deep

calf muscle cramping, rapid
limb fatigue, and occasional
paresthesia on the plantar sur-

MANEUVER

face of the foot. Akkerdijk et
al. (17) showed that in healthy,
highly trained subjects, popli-
teal artery compression or

occlusion can be provoked by
active plantar flexion of the
foot (up to 72% of the arteries
investigated).

Diagnosis

o

FIGURE 1

Doppler CW during maneuvers.

of class 2, 8 (14.1%) of class 3 and 1 (1.7%) of class 5.
Two (3.5%) limbs were asymptomatic and none were
professional athletes, but 7 (20%) patients participated
in sports such as soccer, volleyball, and horseback
riding. The occurrence of moderate to severe symptoms
accounts for less than 16% of all patients affected with
PAE, these data support the finding that the progression
of the atherosclerosis in PAE is a rare phenomenon. We
recommend the careful investigation of a PAE in all
young patients regardless the sex presenting with signs
and symptoms of pain, paresthesia, cold feet and calf
claudication after intensive physical training to avoid
more dramatic clinical presenting symptoms such as
aneurysmal changes and arterial atherosclerotic chan-
ges. An other important aspect we should stress to bet-
ter understand PAE, are the differences between the
anatomic popliteal vascular entrapment and the functio-
nal form. Several Authors describe the two forms of
entrapment as the same entities. Rignault et al. (6) first
described a form of functional entrapment in an athletic
subject who presented with hypertrophied gastrocne-
mius muscle without an anomalous relationship bet-

Signs and symptoms in a
young patient should always
raise the suspicion of a possi-
ble PAE and a careful examina-
tion followed by noninvasive
evaluation should be perfor-
med in each case. The diagno-
stic evaluation of PAE is an
important step in the treatment
of this syndrome (10). Doppler
CW with maneuvers that tigh-
ten the calf muscles, such as active plantar flexion
against resistance, if correctly performed, can permit
diagnosis, although false-positive results may occur
(Figure 1). The pencil probe should be placed on the
posterior tibial artery, avoiding sudden movements
during calf muscle contraction, and the examination
should be repeated at least three to four times. Color
Doppler represents a useful tool in diagnosing PAE and
is best performed when the Doppler CW is positive
(Figure 2). The popliteal artery should be scanned
during calf muscle contraction. During maneuvers calf
muscles push the artery deep into the popliteal fossa.
The color Doppler should be carefully repeated at least
three to four times after the artery displacement, placing
the sample volume in the artery. In fact, if the sample
volume is not correctly placed in the popliteal artery,
there may be false-positive results.

The noninvasive techniques have at times been
found to lack specificity. To minimize their false-positive
rate, computed tomography and magnetic resonance
imaging have been used to confirm PAE, simultaneously
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FIGURE 2

Color Doppler at rest (above) and during maneuvers (below).
Patient with bilateral popliteal aneurysm caused by PAE

(same patient).

revealing detailed anatomic information of the popliteal
fossa. The increasing specificity and sensibility of com-
puted tomography and magnetic resonance in studying
the popliteal fossa could represent a valid alternative to
the more invasive digital angiography. At present we
still continue to study the PAE with angiography during
maneuvers but we are performing at the same time 3D
computed tomography and magnetic resonance angio-
graphy. However, at present a clear and precise preo-
perative characterization of the compressing structure is
not always possible and the visualization of the distal
run-off in the cases of advanced disease is underestima-
ted. Therefore, we still recommend digital angiography
with maneuvers in all cases in whom the occurrence of
atherosclerotic changes at the popliteal artery and its
distal branches are present.

This diagnostic tool permits a better planning of the
reconstructive operation (Figure 3).

Treatment

Management of the PAE syndrome is surgical, an
exception is made in cases diagnosed very late with an
occluded popliteal artery without aneurismal changes in
which collateral circulation is considered satisfactory for
the patient. Current data encourage the identification of
patients with PAE at an early stage, when surgical treat-
ment can be limited to musculotendinous section. In an
our previous study (12) we clearly demonstrated that the
only parameter influencing long-term outcome is age at
presentation. This finding could be interpreted as a pro-
gressive degeneration of the popliteal artery. However,
time can not be considered the only factor causing sta-
ble popliteal degeneration. We treated in fact patients
affected with bilateral PAE in whom arterial reconstruc-
tion was required in one limb and muscolotendinous
section was the treatment of choice in the other. It is

obvious that in these cases, time can not be
the only factor to explain the natural history
of PAE. We considered whether other fac-
tors, such as affected side, musculotendinous
structures, or dominant limb, would explain
our observations. However, no statistical dif-
ferences were recorded.

Reconstructions of the popliteal artery
should be limited in length to the impaired
arterial segment, avoiding anastomoses to
the tibial vessels whenever it is possible. The
presence of aneurysmal changes does not
modify the surgical tactic. We always
approach the popliteal artery through a Z-
shaped posterior incision.

This is useful when more musculotendinous
structures are involved. The medial incision is
more anatomic but does not allow complete
exposure of the popliteal fossa and the identification of
the compressing structures may be difficult. Autogenous
veins should be preferred to prosthetic materials. In our
experience we never dealt with the typical complica-
tions of critical limb ischemia caused by embolizing

FIGURE 3

Arteriography demonstrating a bilateral popliteal
aneurysm caused by PAE
(same patient)
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aneurysms in patients affected with PAE but in 2 (3.5%)
limbs we observed a well compensated peripheral cir-
culation after popliteal aneurysm embolization. In the
presence of critical limb ischemia caused by distal
embolization we recommend the use of thrombolytic
agents (streptokinase, urokinase or tissue plasminogen
activator) if the episode lasts less than 24 hours before
the attempt at surgical resection of the aneurysm.
However, this therapy could create in a small percenta-
ge of the cases serious complications. Reported rates of
stroke and major hemorrhage during thrombolytic the-

rapy are 1 and 5%, respectively (18) and acute deterio-
ration of limb during intrarterial thrombolysis, possibly
secondary to thrombus destabilization, may also occur.
In the other case, an emergent operation to improve
the run-off should be performed. Experiences (19) with
thrombosed popliteal aneurysms and poor vessels run-
off status have clearly demonstrated in these cases a
significantly higher risk of limb amputation. The best
results in popliteal artery management are in fact achie-
ved by elective repair of patent aneurysms with good
run-off vessels.
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