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Assessment of reconstructive procedures for
femoropopliteal artery occlusive disease

Summary: A total of 117 consecutive reconstructive procedures forfemoro¬
popliteal arterial occlusive disease in 105 extremities of 101 patients have
been reviewed. The types ofprocedures included 10 homografts, 28 Dacron
and Teflon prosthetic grafts, 16 thromboendarterectomies and 63 vein bypass
grafts. There were threepostoperative deaths.

The results ofautogenous vein bypass grafts, as indicated by an early suc¬
cess rate of90% and latepatency rate of76%, are superior to those obtained
by other methods ofreconstruction in the institution where this study was made.

Earlyfailure ofthese grafts in most instances relates to technical errors
which can be reducedby meticulous surgical technique, operative angiography
and closepostoperativefollow-up with early correction.

Some ofthe latefailures can be attributed to stenosis ofthe graft rather
than to theprogressive nature ofthe arteriosclerotic disease. Repeatedfollow-
up examinations ofthe extremity at regular intervals and early angiography
in thepatients with return ofsymptoms may allow correction ofthe graft de¬
fect and salvage ofthe extremity.

Allan R. Downs, m.d., f.r.c.s.[c]
B. K. SlNHA, M.D., F.R.C.S.[C]
Winnipeg, Man.

The concept of arterial reconstruc¬
tion for occlusive disease of the
femoropopliteal artery is generally
accepted. There is not, however, a

universally accepted and proved
single method of reconstruction
applicable to every patient. In this
stage of development it seems ap¬
propriate to reappraise critically
one's results from time to time and
to compare them with those of
others. The purpose of this study
is to review our experience with the
femoropopliteal reconstructive
procedures at The Winnipeg Gen¬
eral Hospital in order to ascertain
the procedure of choice for patients
with symptomatic femoropopliteal
occlusive disease.

Materials and methods
Clinical material
A clinical study has been carried
out in 101 patients who have
undergone 117 femoropopliteal
arterial reconstructions in 105 ex¬
tremities for occlusive disease from
June 1957 to June 1967. There were
91 males and 10 females. The ages
ranged from 24 to 79 years, 84% of
the patients being over 50 years
(Fig. 1). All had arteriosclerotic
occlusive disease with the excep¬
tion of the youngest patient, a 24-
year-old man with Buerger's dis¬
ease. In 45 patients, the occlusive
process was predominantly unilat¬
eral, in 42 it was bilateral affecting
both femoropopliteal arteries and
in 14 it was diffuse, involving aorto-
iliac and iliofemoral arteries in ad¬
dition to the femoropopliteal arte¬
ries. This report includes two pa¬
tients with occluded popliteal aneu¬

rysms who presented with ischemic
symptoms, but no cases ofpopliteal
or femoral aneurysms without oc¬

clusion. Demonstrable co-existing
disease processes were present in all
but 15 patients. Additional man¬

ifestations of arterial disease were

present in over 80%, including evi¬
dence of cardiovascular, renovas¬
cular and cerebrovascular disease.
Other associated diseases included
diabetes mellitus in 18% and pul¬
monary disease in 19% of the pa¬
tients (Table I).
Indicationsfor operation
The indications for operation were
incapacitating claudication, rest
pain, gangrene or a combination of
these. All patients were classified
clinically into one of three stages,
as determined by symptoms and
signs in the operated extremity
(Table II). There was claudication
only in 46 extremities (Stage I),
rest pain in 41 (Stage II), and ulcera¬
tion or gangrene in 18 (Stage III).
Preoperative angiography
Preoperative angiography was per¬
formed in all patients. Thirty-three
patients had aortograms and the
remainder had unilateral or bilat¬
eral femoral arteriograms. When
the aortogram failed to demon¬
strate the popliteal outflow ade-
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FIG. 1.Age of patients (by decades) operated on for femo¬
ropopliteal arterial occlusive disease.

quately, a femoral arteriogram was
usually performed if the femoral
pulses were palpable. When pre¬
operative angiography failed to
visualize adequately the popliteal
artery and its branches, an opera¬
tive popliteal arteriogram was per¬
formed as the initial step in the
operation. The outflow classifica¬
tion is a modification of that de¬
scribed by Linton and Darling.1 The
outflow was assessed and recorded
for 112 operations (Table III).
Angiography was inadequate for
interpretation in five instances. The
popliteal outflow was good to ex¬

cellent at the time of operation in

TABLE II
Clinical stage of disease in

105 extremities of 101 patients with
femoropopliteal occlusive disease

I Claudication only. 46
II Rest pain. 41
III Ulceration or gangrene. 18

TOTAL.105

76 angiographic studies and fair
to poor in 36.

Type ofreconstructions and technique
The operative procedures lised for
femoropopliteal artery reconstruc¬
tion during the past ten years have
changed from homografts to the
use of Dacron and Teflon synthetics
to thromboendartefectomies and
autogenous vein bypass grafts
(Table IV). The homografts were

used in the course of early expe¬
rience and have not beefi used since
1958. Synthetic grafts were used
almost entirely from 1958 to 1961.
Since 1961, thromboendarterecto-
mies with or without patch angio-
plasty and vein bypass grafts have
been used almost exclusively. How¬
ever, in occasional instances where
reconstruction by these methods
was not feasible, owing either to
technical problems or unavailabil-
ity of veins, a Dacron prosthesis
has been used. The homografts were
inserted as replacement grafts in
some instances but usually as by¬
pass grafts. The synthetic grafts
have all been inserted following the
bypass principle as described by
Kunlin.2 The thromboendarterec-
tomies have been used primarily
for short segment occlusions. The
usual method has been the semi-
closed technique with exposure of
the artery and intraluminal strip¬
ping with Cannon strippers. The
arteriotomies have been closed with
vein or prosthetic patch grafts. The
reversed autogenous saphenous
vein grafts have been inserted using
the bypass techniques described by
Kunlin2 and by Darling, Linton
and Razzuk.3 The vein bypass
grafts vary in length, but usually
extend from the common femoral
artery to the popliteal artery. The
majority have extended distal to
the knee joint. When the vein was

not adequate in diameter through¬
out its entire length, an endarterec¬
tomy of the common femoral ar¬

tery and proximal superficial
femoral artery was performed, using
the narrdw segment of vein for clo¬
sure of the arteriotomy as a long
proximal anastomosis. Five patients
have had associated proximal aorto-
iliac disease treated at the same

time as the femoropopliteal recon¬

struction. Three patients had iliac
thromboendarterectomies with in¬
sertion of a vein graft distally. In
one patient a bifurcation aorto-
femoral Dacron prosthetic bypass
graft was done along with a uni¬
lateral femoropopliteal vein bypass
graft. In another instance an ilio-
femoral Dacron bypass graft was

combined with a femoral endar¬
terectomy. Thirty-one patients have
had concomitant lumbar sympa-
thectomy, 21 of whom had a vein
bypass graft. Most of the sympa-
thectomies were done in patients
who had rest pain or gangrene or

poor outflow tract.

Mortality
There were three postoperative
deaths, so that the mortality rate
was 3%. Two patients died of gram-
negative septicemia, one as a result
of peritonitis from a perforated
rectum and the other from urinary
tract infection. One patient died of
hepatic failure as a result of pre-
existing acute yellow atrophy of
the liver.
Postoperative complications
The postoperative complications
exclusive of the deaths are set forth
in Table V. Fifteen patients devel¬
oped pulmonary complications,
including four with emboli; two
had coronary insufficiency without
proved infarction and two devel¬
oped urinary tract infection. Leg
edema occurred in 29 patients and

TABLE III
Angiographic assessment of the outflow tract in 117 extremities of

101 patients with femoropopliteal occlusive disease

Extremities
Excellent Popliteal artery and three branches patent. 28
Good Popliteal artery and two branches patent. 48
Fair Popliteal artery and one branch patent. 20
Poor (a) Popliteal patent and all branches occluded.

(b) Popliteal occluded and one or more branches patent. 16
(c) Popliteal occluded and all branches occluded in proximal third ofleg.

Inadequate visualization or not available. 5
TOTAL. 117

TABLE IV
Methods of femoropopliteal

reconstruction

Homograft. 10 1957.195s
Dacron bypass graft. 10 1958.1951
Teflon bypass graft. 18
Thromboendafterectomy with

or without patch closure- 16
Autogenous reversed saphenous 1961-1967

vein bypass graft. 63

TOTAL.117
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was controlled with supporting
bandaging. Wound complications
occurred in 23 patients. Nine pa¬
tients had a hematoma or seroma

without infection or serious con¬

sequences, and 13 patients devel¬
oped skin necrosis with a minor
degree of superficial infection. This
complication was most commonly
associated with a long thigh incision
for removal of the saphenous vein
and can usually be prevented by
the use of interrupted thigh inci¬
sions. A deep staphylococcal wound
infection with a false aneurysm
occurred at the distal anastomosis
in one patient who had a vein graft.
The graft was removed, with res-

toration of the limb to its preoper¬
ative state. This was the only graft
occlusion which could be directly
attributed to wound infection
(Table VI).

Follow-up
Follow-up examination has been
completed in 100 ofthe 101 patients.
Examination has been conducted
by the attending surgeon in 85 pa¬
tients and by the referring physi¬
cian in 15 patients. Postoperative
arteriograms have been performed
in 49 patients at varying intervals

TABLE V
Postoperative complications

Pulmonary complications.15
Pulmonary embolus. 4
Pneumonia. 1
Atelectasis and bronchitis.10

Iliofemoral thrombophlebitis.11
Coronary insufficiency. 2
Urinary tract infection. 2
Leg edema.29
Wound complications.23
Hematoma or seroma. 9
Skin necrosis.13
Deep infection with septic false
aneurysm. 1

False aneurysm*. 2
*One patient hadfalse aneurysm develop twice at
anastomoses which were successfully repaired.

TABLE VI
Fate of grafts complicated by wound

infection and/or skin necrosis

Teflon. 2.2 acute occlusions
Homograft. 1 .patent
Thromboendarterectomy
and vein patch. 1.occluded at

18 months
Vein grafts.10.7 remained patent

1 acute occlusion
1 false aneurysm
occluded by
re-operation

1 occluded at
10 months

in the follow-up period. Nineteen
patients with patent vein bypass
grafts have had cineangiograms in
addition to the standard films. Pa¬
tients' answers to questionnaires or

subjective assessment were not ac¬

cepted as adequate follow-up. The
criteria of patency were either the
presence of distal pulses not pal¬
pable before operation or arterio¬
graphic evidence of patency. All
patients have been followed up at
least 12 months postoperatively or

until death. A total of 21 patients
have died in the follow-up period,
usually of causes related to the
primary disease; 15 of these deaths
were due to arteriosclerotic cardio¬
vascular disease.

Results
The early and late results are out¬
lined in Table VII. The early
graft patency rate refers to the first
30 days following operation, and
the late patency rate refers to the
follow-up period after 30 days. This
arbitrary division is an attempt to

separate the technical failures from
other causes of occlusion. Of the 10
homografts, one occluded immedi¬
ately following operation and the
remaining nine have occluded sub¬
sequently. The overall results ofthe
synthetic grafts have also been poor,
as indicated by a late patency rate
of 40% for Dacron grafts and 33%

ii
::|

for Teflon grafts. Some of the syn¬
thetic grafts, however, have remain¬
ed patent for prolonged periods,
one for as long as 7 years. Throm-
boendarterectomies gave fairly
good early results, but the late pa¬
tency rate of 50% has been disap-
pointingly low. Our best overall
results have been achieved by the
autogenous vein bypass grafts, with
an early success rate of 90% and a
late success rate of 76%.
The early and late results of 63

vein grafts are shown in Fig. 2. The
grafts at risk at any given time are

compared with the number which
are patent. There were six early
and nine late occlusions. Three
grafts occluded in the one- to six-
month period, two occluded in the
7- to 12-month interval and three
occluded in the 13- to 24-month
period. Out of 24 patients at risk
in the 25- to 36-month period and
10 patients at risk in the 3- to 4-
year period, none have occluded.
Of the seven patients at risk over
four years, the vessels have remain¬
ed patent in all. The longest period
over which a vein graft continues
to function is 80 months.

It appears that there is a positive
correlation between patency rate
of vein grafts, both early and late,
and excellent or good outflow tract
as assessed by preoperative angio¬
graphy (Table VIII).

Number of grafts at risk

Number of patients dead

Number of grafts potent
Number of grafts occluded

2

b 7-12 13-24

MONTHS
FIG. 2 Early and late results of the 63 vein crat'ts.

2j 36 37 4b 49 60

C.M.A. JOURNAL/JAN.31,1970/VOL. 102 143



TABLE VII
Early and late results of 117 reconstructive procedures

for femoropopliteal occlusive disease

Early
No. of 0-30 days

Procedure operations No. %
Homograft. 109 90
Dacron. 106 60
Teflon. 1812 66
Thromboendarterectomy. 1612 75
Vein. 6357 90

*One vein graft lost to follow-up, assumed to be occluded.

Patent

Analysis of early and late occlusions

Analysis of early and late occlu¬
sions following various femoro¬
popliteal reconstructive procedures
is presented in Table IX. Repeat
operations were done in 13 in¬
stances, four for early occlusion
and nine for late occlusion, with
successful reconstruction in seven

patients. These patients had Stage
I or II disease and had good to
excellent outflow on angiographic
assessment. In contrast, failures
occurred in patients who had poor
or fair outflow; two ofthese patients
were diabetic.

Amputation rate

Fourteen of the 105 extremities
operated on eventually came to
either a below-knee or an above-
knee amputation, an amputation
rate of 13.3% for the entire series
and 27.4% in the occluded group.

Six amputations were done early
and eight during the late follow-up
period (Table X). Five of the am¬

putations were necessitated by
occlusion of vein grafts. The re¬

maining nine amputations were
carried out because of failures oc¬

curring after other types of recon¬
structive procedures. Nine patients
had poor or fair outflow and six
had diabetes mellitus of varying
severity. Twelve ofthe 14 amputa¬
tions were done in patients with
Stage II and III disease, and only
two in patients with Stage I disease.
However, 14 ofthe 18 extremities
in Stage III disease threatened by
impending gangrene were eventu¬
ally salvaged.
Discussion
In keeping with the findings of
other authors, 3'7 our own results
indicate that saphenous vein bypass

FIG. 3 Arteriogram of a patient showing stenosis of the
femoropopliteal saphenous vein bypass graft inserted approxi¬
mately one year previously, with return of symptoms. Large
arrow points to the site of stenosis and small arrows point
to collaterals.

FIG. 4 Postoperative arteriogram of the same patient fol¬
lowing endophlebectomy and vein patch angioplasty ofthe
vein graft. Arrows point to the same collaterals shown in
Fig. 3 as landmark for the site of endophlebectomy.

TABLE VIII
Early and late patency of vein grafts correlated with

angiographic assessment of popliteal outflow

No. of Early patency No. of
Outflowgrafts* No. % grafts at risk

Excellent or good. 4038 95 37**
Fair or poor. 2218 8118
*Excludes two patients with inadequate visualization of outflow.
¦[Excludes one patient who died postoperatively with a patent graft.
**Assumes that one patient lost to follow-up is occluded.

Late patency\
0//o
90

No.
33
13 73

graft is the procedure of choice for
femoropopliteal arterial occlusive
disease provided the vein is of
adequate size. Most early post¬
operative failures appear to be
secondary to technical factors such
as faulty suture technique, kinking
of the transplant and other tech-

TABLE IX
Analysis of early and late occlusions following various types of

femoropopliteal reconstructive procedures
Early Late

No.of
Type of No. of re-operations

reconstruction occlusions Success Failure
Homograft. 11
Dacron. 4
Teflon. 61
Thromboendarterectomy. 31
Vein. J> ±
TOTAL. 20 1 3

TABLE X
Analysis of major amputations

following various types of
femoropopliteal reconstructive

procedures
No. of

amputations
Early Late

Homograft. 1
Dacron. ll
Teflon. l3
Thromboendarterectomy. 2

Vein. _3_ _2_
TOTAL. 6 8
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nical errors. Some may be due to
a combination of inadequate inflow
and outflow tracts. Immediate
operative correction, however, is
indicated in instances with good
*or excellent outflow tract and where
the failure is due primarily to a
faulty technique. There was only
one instance where the failure of
the graft could be attributed to in-
fection at the graft site. Although
the late occlusions of the vein
grafts have been generally attrib-
uted to the progression of the under-
lying arteriosclerotic disease, it is
becoming apparent from our own
studies that at least some of these
failures are due to graft .
In 23 postoperative angiograms of
patent vein bypass grafts, three
patients have had stenosis in the
graft. Two of these were associated
with the return of symptoms and
the third was asymptomatic. Fig. 3
shows an angiogram of a patient
with stenosis of the femoropopli-
teal vein bypass graft approximately
a year after the initial reconstruc-
tion. An angiogram done following
endophlebectomy and vein patch
angioplasty shows no evidence of
persistent stenosis and a good out-
flow (Fig. 4). The two grafts which
have been operated upon appear
to have had fibrosis of the valve
cusps as the cause of the stenosis.
Both have remained patent since
revision. Similar stenoses have been
described by Breslau and De
Weese and by McNamara, Dar-
ling and Linton.10

We wish to thank Dr. John Farr and other
members of the surgical staff and Dr. Ian
Morrow of The Winnipeg General Hospital for
their participation in this study.

Resume
Evaluation desproc.dc.s chirurgicaux
employ.s dans la maladie occlusive
de l'artc.re ftmoro-poplih.e

Nous avons passe en revue 117 cas
cons.cutifs de reconstitution chi-

rurgicale pratiqu&e dans 1'occlusion
de 1'art.re frmoro-pop1it.e. Ces
op&ations ont . faites sur 105
extr.mit.s chez 101 patients. Parmi
les operations pratiqu.es figuraient
10 homceogreffes, 28 poses de pro-
these au Dacron et au Teflon, 16
thrombo-endart.riectomies et 63
greffes de derivation veineuse. On
a enregistr. trois d.c.s post-opera-
toires.

Les r.su1tats de La greffe veineuse
autog.ne par d&ivation, comme le
montrent La proportion de 90% de
succ.s et le taux de 76% du r.ta-
blissement de La perm.abi1it., sont
nettement sup.rieurs a ceux qu'ont
donn.s d'autres modes de recon-
stitution dans 1'h6pital oji cette
etude a . entreprise.
Dans La majorit. des cas, L'&hec

pr.coce de ces greffes est attn-
buable a des erreurs de technique
qui peuvent .tre minimis.es par
une technique chirurgicale m.ticu-
leuse, une angiographie op.ratoire
et une observation post-op.ratoire
.troite avec correction pr.coce.
Quant aux &hecs tardifs, us peu-

vent &re attribu.s plus a La st.nose
de La greffe qu'a La nature .vo1utive
de La maladie art.riosc1.reuse. Des
examens r.p.t.s de 1'extr.mit. a
intervalles r.gu1iers et une angio-
graphie pr.coce pratiqu.e chez
des malades dont les symptOmes
r.cidivent, permettront de corriger
le d.faut de La greffe et de sauver
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