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For acute limb ischemia, there are generally three treatment
options: the catheter-directed thrombolysis, anticoagulation
with observation, and surgical thromboembolectomy.1–5

Catheter-directed thrombolysis is less invasive than surgical
thromboembolectomy, and is known to be effective for the
treatment of acute limb ischemia.1,2 However, catheter-di-
rected thrombolysis needs special facilities such as radiologi-
cal intervention roomor C-arm radiological equipment, and it

also needs trained personnel to operate the radiological
machines. In some cases, the patients cannot undergo radio-
logical intervention due to impaired renal function or allergy
to radio-contrast dye. So, catheter-directed thrombolysis is
not always available for all patients. Sometimes, surgical
thromboembolectomy may be the only option for the pa-
tients with acute limb ischemia, when anticoagulation alone
is ineffective and catheter-directed thrombolysis is not
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Abstract Surgical thromboembolectomy for acute limb ischemia using Fogarty catheter is
basically a blind procedure. Therefore, the complete removal of thromboemboli in all
calf arteries is difficult even if completion angiography or radiological intervention is
performed. The purpose of this study is to identify whether limb salvage could be
achieved if at least one ankle artery was revascularized by surgical thromboembolec-
tomy. We also observed the effectiveness of below-knee popliteal approach. Over
1 year, surgical thromboembolectomy via below-knee popliteal artery was performed
on 18 acutely ischemic limbs in 14 consecutive patients. All patients were diagnosed
based on clinical symptoms and computed tomography (CT) angiography. Surgical
thromboembolectomy was terminated when a pulse was detected by a handheld
vascular Doppler device in at least one ankle artery after closing the arteriotomy.
Patients were observed during postoperative anticoagulation therapy. Of the 14
patients, 1 died and 1 underwent amputation due to the already necrotized lesion in
the foot. After 1 week of anticoagulation therapy, two or more arterial pulses were
detected at the ankles in all 15 limbs from the remaining 12 patients. During the 6 to
18 months of follow-up, all 15 limbs were salvaged successfully. In acute limb ischemia,
successful limb salvage could be achieved by the revascularization of at least one ankle
artery by surgical thromboembolectomy with concomitant anticoagulation therapy.
Below-knee popliteal approach is an effective method and is worth for further study
compared with other approaches.
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applicable. The portable handheld vascular Doppler device
can be used for measuring arterial pulseswithout any specific
restriction or medical hazard.6 In this study, we investigated
whether limbs could be salvaged if at least one ankle artery
was revascularized by surgical thromboembolectomy. During
the operation, thehandheld vascular Doppler devicewas used
for detecting arterial pulses at ankle, and completion angiog-
raphy or radiological intervention was not done. We per-
formed surgical thromboembolectomy via the below-knee
popliteal artery and observed the clinical result.

Methods

BetweenMarch 1, 2011, and February 28, 2012, we treated 18
acutely ischemic limbs in 14 consecutive patients (10 male
and 4 female) who presented at our hospital. All consecutive
patients, who were diagnosed to have arterial occlusion by
computed tomography (CT) angiography, were included in
this study, and there were no inclusion or exclusion criteria.
The differentiation between embolic and thrombotic occlu-
sion is based on clinical features and CT angiographic find-
ings.7 Embolic occlusion was suggested by the presence of
clinical symptoms such as arrhythmia, sudden onset, severe
signs and symptoms, no history of claudication or rest pain,
no risk factors for peripheral vascular disease, normal con-
tralateral pulse exam, and no physicalfindings of chronic limb
ischemia. Whereas, the thrombotic occlusion was suggested
by the clinical findings of no arrhythmia, sudden or slower
onset, less severe signs and symptoms, history of claudication
or rest pain, risk factors for peripheral vascular disease,
abnormal contralateral pulse exam, and physical findings of
chronic limb ischemia. The vascular occlusion that has the
characteristics of both embolic and thrombotic occlusion is
regarded as thromboembolic occlusion. The final differentia-
tion was based on clinical symptoms and CT angiographic
findings. This study was approved by the IRB of Haeundae
Paik Hospital, Inje University, and written consent was ob-
tained from each patient. The age of the patients ranged from
36 to 83 (mean, 63) years. All 14 patients underwent surgical
thromboembolectomy via the popliteal artery below the
knee, under general anesthesia.

In this study, even for isolated common femoral arterial
lesion, popliteal approach was adopted to avoid the distal
embolization of the fragments of thromboemboli into the
below-knee arteries during the surgical manipulation of the
common femoral artery.

The incision was performed at the medial calf, 1 cm behind
the posterior border of the tibia. The crural fascia was incised
1 cm posterior to the tibia, and the popliteal artery was
exposed below the knee between the space made by the
soleus, gastrocnemius, and semitendinosus muscles. We
used Fogarty catheters sizes 2 and 3 Fr for distal thromboem-
bolectomy, and sizes 4 and 5 Fr for proximal thromboembo-
lectomy. Distal thromboembolectomy was performed first,
and the procedure was stopped once the back flow blood
was bright red in color and no more thromboemboli could be
removed with the Fogarty catheter. After completion of the
distal procedure, the distal arteries were filled with a heparin

solution and clamped to prevent embolization from the proxi-
mal arteries during proximal thromboembolectomy. The prox-
imal thromboembolectomy was continued until the
appearance of strong active bleeding from the proximal artery
and until no further thromboemboli could be removed via the
Fogarty catheter. After the completion of thromboembolec-
tomy, the popliteal artery was closed either by primary suture
or by patch angioplasty using the branch of autogenous
saphenous vein. After closing the arteriotomy, arterial pulses
at the anklesweremeasured intraoperatively using a handheld
vascular Doppler device (bidirectional Doppler ES-100V3;
Hadeco Inc., Kawasaki, Japan). Measurements were made at
the dorsalis pedis, posterior tibial, and peroneal arteries of the
ankle. The handheld vascular Doppler device detects the
frequency shift, amplifies it, and sends it to speakers for
audible interpretation.8,9 The normal waveform pattern of
Doppler signal appearing on the LCD panel of the device
typically is triphasic or biphasic, but changes into monophasic
when a significant stenosis is present upstream. In this study,
the positive pulse was defined when pulse sound was audible
andDoppler signalwas detected on the LCDpanel of the device
regardless of its waveform pattern. We stopped surgical
thromboembolectomy when a pulse was detected on at least
one ankle artery after closing the arteriotomy. If there was no
pulse detected, the closed arteriotomy was reopened and the
thromboembolectomy was repeated. Then, the progress of
arterial revascularization was observed by daily measure-
ments of arterial pulses at the ankle using the handheld
vascular Doppler device. In this study, CT angiography was
routinely performed for all patients pre- and postoperatively.

Even though limb salvage was successful, CT angiography
was routinely performed at 1 week postoperatively to detect
any newly developed thromboembolic lesion or vessel change
(►Fig. 1).

Anticoagulation therapy with heparin and warfarin was
continued during the whole period of treatment. Heparin-
ization was started immediately after the diagnosis of acute
limb ischemia. Initially, 80 U/kg of unfractionated heparin
was injected intravenously, and continuous intravenous hep-
arinization was performed keeping the activated partial
thromboplastin time (aPTT) between 60 and 100 seconds.
Warfarinwas administered orally and overlapped theheparin
treatment. Heparin was stopped when the international
normalized ratio (INR) reached levels between 2.0 and 2.5.
Aspirin was also given. For patients with acute limb ischemia
and heart problems, warfarinwas continuously administered
during the whole period of follow-up keeping the INR levels
between 2.0 and 2.5. However, for those with no heart
disease, warfarin was stopped after 6 months of follow-up
and aspirin was given continuously.

Results

Of the 14 patients, 10 (71%) had heart disease: 8 of them (57%)
had atrial fibrillation and 2 (14%) had a history of previous
myocardial infarction, 2 and 4 years earlier, respectively.
Among the 10 patients with heart disease, 3 patients (21%)
also had hypertension, 2 (14%) had hypertension and diabetes
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mellitus (DM) simultaneously, and 1 (7%) had coexisting DM.
Among the remaining 4 patients without heart disease, 1 had
history of surgery for stomach cancer 6 years earlier, and 1
had a history of ureteral stone; the remaining 2 patients had

no identifiable disease. There were 10 patients (71%) with
embolic, 2 (14%) with thrombotic, and 2 (14%) with throm-
boembolic occlusions. Ten patients had unilateral occlusion,
and 4had bilateral occlusion, presenting a total of 18 occluded
limbs. The most common anatomical site of arterial occlusion
was the left popliteal artery (5 limbs, 28%), followed by the
right common femoral artery (4 limbs, 22%), the left common
femoral artery (4 limbs, 22%), the right superficial femoral
artery (2 limbs, 11%), the right popliteal artery (2 limbs, 11%),
and the left superficial femoral artery (1 limb, 6%). The
duration of ischemic symptoms varied between 4 and 120
hours. By the clinical staging of acute limb ischemia,4 three
patients initially presented with class I symptoms (viable),
eight with class IIA (marginally threatened), twowith class IIB
(immediately threatened), and one with class III (irreversible)
symptoms. An 82-year-old manwith unilateral occlusion and
symptom duration of 120 hours showed class III lesion on his
right foot, and eventually underwent below-knee amputa-
tion. A 77-year-old woman with bilateral occlusion died
6 days after surgery (►Table 1). The decision to perform
fasciotomy was based on the clinical symptoms including
pain and paresthesia in the distal extremity.10 But there was
no patient who was indicated for fasciotomy. Initially, we
were unable to detect the ankle pulse by handheld vascular
Doppler device in any of the patients. Immediately after
surgical thromboembolectomy, pulses were detected at the
dorsalis pedis in 3 out of 18 limbs, at the peroneal arteries in
10 out of 18 limbs, and at the posterior tibial artery in 7 out of
18 limbs. The total revascularization rate at the 3 arteries
below the knee, immediately after surgical thromboembolec-
tomy, was 37% (20 out of 54 arteries). After 1 week from the
surgery, viable pulseswere detected by the handheld vascular
Doppler device in the remaining 12 patients on two or more

Fig. 1 Preoperative and postoperative CT angiography of a repre-
sentative patient with embolic occlusion. (a) Preoperative CT angi-
ography shows complete occlusion of left popliteal artery with poor
collaterals. (b) Postoperative CT angiography shows the restoration of
flow at left popliteal and anterior tibial arteries.

Table 1 Demographics and clinical characteristics of the patients

Patient
number

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Sex M F M M M M M F M F M M F M

Age (y) 75 77 49 40 49 36 62 83 72 81 46 69 64 82

Causes of
occlusion

TE T E E E E E E T E E E E TE

Site of
obstruction

R.P
L.P
(bilat)

R.P
L.SFA
(bilat)

L.P R.CFA
L.CFA
(bilat)

L.P L.P R.CFA L.P R.SFA R.SFA L.CFA L.CFA R. CFA
L.CFA
(bilat)

R.CFA

Symptom
duration (h)

48 8 4 6 24 72 7 12 18 26 8 6 6 120

Clinical
stage

IIA IIA I IIA IIA IIB IIA I IIA IIB IIA IIA I III

Heart
disease

AF MI AF AF MI AF AF AF AF AF

Other
disease

HT, DM History
ureteral
stone

HT History
stomach
cancer

DM HT HT HT,
DM

Abbreviations: AF, atrial fibrillation; bilat, bilateral; CFA, common femoral artery; clinical stage: class I (viable), class IIA (marginally threatened), class
IIB (immediately threatened), class III (irreversible); DM, diabetes mellitus; E, embolism; F, female; h, hour; HT, hypertension; L, left; M, male; MI,
previous myocardial infarction; N, no; P, popliteal artery; R, right; SFA, superficial femoral artery; T, thrombosis; TE, thromboembolic; Y, yes.
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ankle arteries. Leg pain improvedmarkedly in the 12 patients,
and there was no tissue loss in their feet. We detected pulses
in 10 out of 15 limbs at the dorsalis pedis, 11 out of 15 limbs at
the peroneal artery, and 13 out of 15 limbs at the posterior
tibial artery. The total revascularization rate 1 week after
surgery and anticoagulation therapy was 76% (34 out of 45
arteries) (►Table 2). All 15 limbs in the 12 patients were
salvaged successfully, and during the 6 to 18 months of
follow-up, there was no residual complication or tissue loss
in the legs.

Discussion

In this study, pure thrombotic occlusion was found in 14% of
the patients. Whereas, embolic and thromboembolic occlu-
sions were present in 86% of the patients, and heart disease
was present in 71% of the patients. Thesefindings suggest that
acute limb ischemia is closely associated with heart disease,
and coincides with the previous reports that heart is the
major source of emboli in acute limb ischemia.11,12Acute limb
ischemia requires prompt treatment, because one of the
negative predictive factors for limb salvage is prolonged
duration from symptom onset to surgery.13 In this study, an
82-year-old man with a 120-hour of symptom duration
finally underwent amputation. In general, patients with class
III (irreversible) symptom are not the candidates for revascu-
larization surgery because there are few chances of recovery
of viable tissue and an associated high risk of reperfusion
injury.4However, the 82-year-oldmanhadmixed class I and II
lesions on his right leg, and the class III lesionwas limited to a
small portion of his right foot. So, we considered the risk of
reperfusion injury to be low, and performed surgical throm-
boembolectomy. One week after the operation, the patient’s
right leg above the ankle becamewarmand pinkish, following

which he underwent below-knee amputation without any
complication. A 77-year-old woman with bilateral occlusion
had suffered from atrial fibrillation, hypertension, and poorly
controlled DM. Although revascularization by surgical throm-
boembolectomy was successful, she died 6 days after surgery
due to poor general health and subsequent multiorgan fail-
ure. She had also reported transient myoglobinuria and
hyperkalemia after surgery, indicating the presence of coex-
istent reperfusion injury as an additional cause of death.

If ankle artery is adequately thrombectomized but spastic
after surgical thromboembolectomy using Fogarty catheter,
the Doppler exam may result in negative outcomes.

However, because we tried to investigate the minimally
required conditions to finish the operation, we decided to
stop the surgical thromboembolectomy when a pulse was
detected by a handheld Doppler device on at least one ankle
artery after closing the arteriotomy regardless of the real
number of thrombectomized ankle arteries.

Immediately after surgical thromboembolectomy, we ob-
served thehighest revascularization rate at the peroneal artery
(56%), compared with the posterior tibial (39%) or dorsalis
pedis (17%) arteries. This may be due to the relatively straight
angle of the peroneal artery in relation to the popliteal and
tibioperoneal trunk, which might facilitate easier guiding of
the Fogarty catheter during thromboembolectomy. Approach
through the common femoral artery is a frequently used
method for surgical thromboembolectomy.14 But in our cases,
we attempted the below-knee popliteal approach. We postu-
lated several advantages of thebelow-knee popliteal approach.
First, distal thromboembolectomy is easier due to the shorter
length of the distal arteries. Second, proximal thromboembo-
lectomy is more efficient due to the longer length of the
proximal occluded artery that is aided by blood pressure in
removing clots during surgical thromboembolectomy. Third,

Table 2 Recovery of arterial pulses at the ankles

Patient number

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Preoperative

DP �/� �/� � �/� � � � � � � � � �/� �
P �/� �/� � �/� � � � � � � � � �/� �
PT �/� �/� � �/� � � � � � � � � �/� �
Immediately postoperative

DP �/� �/� þ �/� � þ þ � � � � � �/� �
P þ/þ þ/þ � �/� þ � þ � � þ � þ þ/þ �
PT �/� þ/� � þ/þ � � � þ þ � þ � �/� þ
1 wk postoperative

DP þ/� Death þ þ/þ � þ þ þ � þ � þ þ/� Amputation

P þ/þ Death þ �/� þ � þ � þ þ þ þ þ/þ Amputation

PT þ/þ Death þ þ/þ þ þ � þ þ � þ þ þ/þ Amputation

Abbreviations: DP, dorsalis pedis artery (anterior tibial artery); P, peroneal artery; PT, posterior tibial artery; wk, week.
Note: Results show the presence (þ) or absence (�) of ankle pulse (right/left) as measured by the handheld vascular Doppler device (bidirectional
Doppler ES-100V3; Hadeco Inc., Kawasaki, Japan).
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back flow of blood is therapeutically more significant due to
the presence of fewer collateral vessels in the calf compared
with the thigh, in which there are many collateral vessels
adjacent to the deep femoral artery. In our 14 patients with
acute limb ischemia, except for 1 dead and 1 amputated, all the
remaining 12 patients showed 100% limb salvage in their 15
limbs. This result indicates that the below-knee popliteal
approach is a successful method in terms of limb salvage.
However, there is no comparative data to substantiate this
claim. So further study on below-knee popliteal approach
comparing with other approaches such as common femoral
or above-knee popliteal approaches is needed.

Conclusion

For patients with acute limb ischemia, successful limb salvage
can be achieved by the revascularization of at least one ankle
artery by surgical thromboembolectomy with concomitant
anticoagulation therapy. Handheld vascular Doppler device is
a useful instrument for intraoperative measurement and
postoperative monitor of the ankle pulses. Moreover, be-
low-knee popliteal approach is an effective method in terms
of limb salvage, and is worth for further study comparedwith
other approaches.
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