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ABSTRACT
Objective: In this study the long term results of infrapopliteal arterial revascularization
procedure was evaluated. The efficiency of distal revascularization was also searched for the
treatment of critical limb ischemia.
Methodology: From 1999 to 2009 32 patients underwent infrapopliteal revascularization
procedure in our hospital for the treatment of critical limb ischemia. Demographic data of
patients are: 23 male, 9 female and mean age was 60.5. Hypertension (n:15, 46.3%), diabetes
mellitus (n:16, 50%), smoking (n:29, 90.6%) were the risk factors. The patients were classified
in Fontaine III (n:25) and Fontaine IV (n:7). Extremity viability and long term patency was
detected with limb examination, Doppler Ultrasonography and angiography. The cases were
evaluated for post operative mortality, morbidity and primary graft patency for one year.
Results: Mean follow up period was 21.3-/+15.9 monthes (12-60 monthes). Two patients died
in early post operative period. Eight patients underwent re-operation. Re-operations were
performed on six patients for the treatment of acute graft thrombosis and two patients for the
control of surgical bleeding. The long term graft patency was 38% and extremity recovery rate
was 46%. In post operative early period two minor and one major amputation was performed.
Conclusion: Infrapopliteal arterial revascularization procedure is an efficient method for the
treatment of critical limb ischemia and high rate of long term patency is the main advantage of
this procedure.
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INTRODUCTION

Thirty two patients in whom by-pass was done to
the infra-popliteal region for revascularization and
extremity saving purposes at our clinics in 10 years
period between 1999 and 2009 were evaluated. In-
formation about patients were obtained directly and
indirectly (from their files). Peripheral artery diseases
are important morbidity causes that have significant
impact on quality of life of the patients. For more
than 90% of the lower extremity vascular problems
the cause is atherosclerosis.1,2

Cardiovascular death rates were found to be higher
for cases with peripheral artery disease than normal
population. For cases with peripheral artery disease
risk of death is four times higher even in the absence
of cardiovascular risk factors.3 Fontain classification
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should be considered when deciding surgery at
infra-popliteal arteries.

In our series clinical evaluation was also done
according to the Fontaine classification. Fontaine I:
asymptomatic, Fontaine IIa: intermittent claudication
at distances more than 100m, Fontaine IIb: Intermit-
tent claudication at distances less than 100m,
Fontaine III: Pain at rest, Fontaine IV: Presence of
ulceration or necrosis at extremity. According to this
classification surgery is considered absolute for 3rd

and 4th stages in order to save the extremity and is
planned at 2nd stage for functional improvement for
the patients who have active and quality life
expectations.4,5

METHODOLOGY

Patient Characteristics: Nine of the 32 patients
included in the study were women and 23 were men.
Mean age was 60.5±4.1 years. According to Fontaine
classification 25 of the patients were at third stage
and 7 were at fourth stage. Accompanying diseases
to peripheral artery disease were diabetes mellitus
in 16 patients, coronary artery disease in 11 patients
(2 patients underwent coronary by-pass surgery),
hypertension in 15 patients (Table-I).
By-pass Localizations: Main femoral artery, super-
ficial femoral artery and popliteal artery were used
respectively in 8, 11 and 12 patients as proximal anas-
tomoses regions in patients in whom infra-popliteal
saphenic by-pass was performed and in one patient
proximal posterior tibial artery was used. As distal
anastomoses region anterior tibial artery, posterior
tibial artery, peroneal artery and tibioperoneal trunk
were used respectively in 19, 8, 2 and 3 patients
(Table-II). As regards graft material reverse saphenic
vein graft (SVG) was used in all patients.
Surgical Technique: Region in which the distal anas-
tomoses were planned was explored firstly. Popliteal
artery was found by classical methods by a medial
incision on the femoral region and then retraction of
sartorius muscle through the posterolateral. Deep
muscle fascia was also cut in order to expose the
popliteal space through the knee. Proximal popliteal
artery was released from neighboring tissues at just
behind the femur. In order to reach posterior tibial

and peroneal arteries a dissection was done through
the distal from the tibioperoneal branching. Poste-
rior tibial artery was reached near posterior tibial
muscle and at medial of soleus muscle. Proximal of
peroneal artery was reached at deeper regions and
by lateral direction; distal of peroneal artery was
reached by a lateral incision on the distal fibula.
Anterior tibial artery was reached by a longitudinal
incision to anterior compartment from distal 1/3
segment of the leg. Incision was done to femoral
arteries at classical inguinal ligament level. Before
starting anastomoses and applying anticoagulation,
appropriate tunnels were prepared at required re-
gions for the by-passes of patients. For by-passes
below knee tunnel is prepared by finger in popliteal
fossa and between upper segments of gastroknemius
muscle. A separate tunnel was not formed for poste-
rior tibial and proximal peroneal arteries, however
for distal peroneal and anterior tibial arteries a
separate tunnel was formed from popliteal space
through mid-anterior compartment via interosseos
membrane.

Below knee arterial segments by-pass operations
performed on 32 cases due to low extremity chronic
occlusive artery disease at our clinics between 1999
and 2009 were evaluated retrospectively. Diagnoses
were established by color Doppler ultrasonography
and digital substraction angiography. Patients with
Buerger disease, patients who were operated due to
acute artery thrombosis on chronic basis, patients on
whom distal tibial and/or peroneal arteries was by-
passed and patients with aorto-iliac lesions were not
included in evaluation. Reversed saphenic vein was
used as by-pass material. Proximal anastomoses were
done to superficial femoral artery, common femoral
artery, proximal popliteal artery and proximal pos-
terior tibial artery. Distal anastomoses after the sound
outlet channel for the Hunter branch of the popliteal
artery was preferred (Figure-1, 2). All anastomoses

Table-II: Locations of the bypass grafts.
Location of the proximal anastomosis No Location of the distal anastomosis No
Ana femoral artery 8 Anterior tibial artery 19
Superficial femoral artery 11 Posterior tibial artery 7
Popliteal artery 12 Peroneal artery 2

Tibio peroneal trunkus 3
Proximal posterior tibial artery 1 Distal posterior tibial artery 1

Table-I: Accompanying diseases or risk factors.
No. of patients

Diabetes mellitus 16
Coronary artery disease 11
Hypertension 15
Tobacco use 29
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were done with end-to-side continuous suture
technique. Low molecular weight heparin was used
in all patients until the oral feeding was started. Then
oral anticoagulant and anti-aggregating drugs were
added to the treatment.

RESULTS

Twenty three of cases in our study were male
(71.9%) and nine were female (28.1%) and age range
was between 45 and 79 years. Mean age was 60.5.
Smoking, systemic hypertension and diabetes were
found respectively in 29 (77.5%), 15 (43.8%) and 16
(50%) as risk factors. In our study 25 cases (78.1%)
were at Fontaine III and 7 cases were at Fontaine IV.
Critical coronary artery disease was diagnosed in 12
(37.5%) of the patients who had cardiac complaints
an on whom coronary angiography was performed.
Peripheral vascular intervention was done after
PTCA for five (16.3%) of the patients in whom criti-
cal coronary artery disease was diagnosed and for
three (10.8%) after coronary by-pass. One case did
not accept coronary operation. For one case LIMA-
LAD by-pass was performed in the same session.

For all of the 32 patients included in the study,
reversed saphenic graft technique was applied. Two
patients (6.2%) died during early period. One of these
patients died due to cardiac and one due to cere-
brovascular events. Eight patients were re-operated
at early period due to acute occlusion or bleeding
and thrombectomy and re-anastomoses were applied
on these patients, as a result patency achieved again.

At long term follow-up 6 years cumulative graft  pa-
tency was found to be 38% and ratio of saved ex-
tremities was found to be 46%.

Bilateral by-pass was done in two (6.3%) of the
cases and unilateral by-pass was done in 30 (91.8%).
Patients in whom bilateral by-pass was done were
operated at separate sessions. Firstly extremity with
more complaints was operated and after approxi-
mately one month second operation was done. In two
(6.3%) cases finger amputation was done at the same
session due to necrosis at foot fingers. Major ampu-
tation was done in one of our patients. Mortality was
seen in two (6.3%) at early stage and wound
infections, hematomas and graft thromboses were
observed respectively in six (18.7%), two (6.2%) and
six (18.7%) of the patients.

DISCUSSION

Revascularization procedures at lower extremities
vary and these are conventional methods such as
by-pass, end-arterectomy, patch plasty, balloon
angioplasty and stents.6 Additionally in recent years
some new clinical and experimental procedures such
as arteriovenous fistula (staged arteriovenous rever-
sal technique), omental flap transfer, muscle flap
transfer are being described.7 Despite all these

Table-III: Early postoperative complications.
Complication No %
Mortality 2 6.2
Wound infection 6 18.7
Hematoma 4 12.5
Thrombosed graft 1 3.1
Ischemia 2 6.2
Minor amputation 2 6.2
Major amputation 1 3.1

Fig-1: DSA showing open reverse saphenous vein graft
between popliteal artery and tibioperoneal truncus.

Fig-2: DSA showing bypass graft between proximal
and distal portions of the posterior tibial artery.
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approaches amputation rates have not decreased.8

Because, in some situations amputation of necrotized
extremity becomes only and final solution for sav-
ing the life. There are important factors affecting the
success of revascularization in infra-popliteal by-
passes as all by-pass procedures. These are ideal
proximal and distal anastomoses regions, appropri-
ate graft material and successful anastomoses tech-
nique.9,10 Although pedal by-pass cases are increas-
ing in recent 20 years, we only used pedal by-pass in
only one case.

SVG concept started to be used extensively for
infra-popliteal region after 1981.11 If SVG is used as
graft, short segment advantages are less surgical
incision areas, fast wound healing, low infection risk
as high patency ratios.12,13

SVG and poly tetrafluoro ethylene (PTFE) are used
as graft material. However, patency ratios of PTFE
grafts are quite low for infra-popliteal by-passes.14

Four years patency ratios were found to be 39-59%
for SVG’s.15 Advantages of SVG as a most ideal graft
are flexibility at flexion region, resistance to infec-
tion, resistance to aneurism formation, non-throm-
bogenic blood contact surface, suitability for surgi-
cal manipulation, keeping its aliveness for long times,
feeding with diffusion and to be easy obtainable.16

Graft patency ratio was found as 38% in our follow-
ups and this is comparable with the literature.15

Factors affecting saphenic vein graft patency are
technical issues during preparation and preservation,
varicose structure, thick wall, diameter less than
3.5mm and presence of fibrotic caps.6,16 After
infrapopliteal by-pass mortality is 3-5%. In our se-
ries two patients (6.2%) died at early period. One of
these patients died due to cardiac and one due to
cerebrovascular events. Thus, cardiac system should
be evaluated well pre-operatively and necessary pre-
cautions should be taken in the presence of patho-
logic conditions.5 Following infrapopliteal by-passes
need for re-hospitalization emerges in 2-4 months
duration in 7% ratio due to causes such as gangrene,
infection or perfusion insufficiency.15 Early occlusion
(first 30 days) causes in infrapopliteal by-passes are
defects in anastomoses technique, wrong selection
of proximal and distal placements of anastomoses
and high thrombogenity (flexion of graft, endothe-
lial damage, long graft length). Late occlusion (after
30 days) are intimal hyperplasia, advancement of
atherosclerosis at proximal/distal anastomoses re-
gion and formation of aneurisms.14 Our eight patients
were taken to revision (Table-III). Graft thrombosis
developed in six patients and they were re-operated.
Long term openness rates of infra-popliteal by-passes

are lower when compared to by-passes at other
regions.5,14,16 However infra-popliteal by-passes
brings quite satisfactory results for regaining physi-
cal activity and saving the extremity. Our results are
also pleasing and encouraging with 38% six years
openness ratio and 46% extremity saving ratio.
Although graft was occluded in eight patients
amputations were not required.

CONCULSION

By-pass operations performed on infrapopliteal
arteries are quite effective with pleasing long term
results and high extremity saving ratios. Application
of this surgery to carefully selected patients is
expected to increase the quality of life.
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