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Balloon angioplasty of the femoro-popliteal segment:
Follow up results from southern India
N. MADHAVAN UNNI, K. RAVI MANDALAM, V. R. K. RAO, A. K. GUPTA,
S. JOSEPH, A. SRINIVASA RAO, M. UNNIKRISHNAN, K. S. NEELAKANDHAN

ABSTRACT
Background. Disease of the femoral and popliteal arteries,

though one of the commonest manifestations of
atherosclerosis, is under-recognized because1he morbidity
it produces is less catastrophic than coronary or cere.,.
bravascular arterial involvement. Percutaneous transluminal
angioplasty is performed for femoro-popliteal lesions at
different centres in India, but post-angioplasty follow up
data are scarce. We present our results after femora-popliteal
balloon angioplasty in 140 lesions.
Methods. Between 1986 and 1993, 140 femoro-popliteal

angioplasties were performed in 119 patients with sympto-
matic limb ischaemia. Seventy-one per cent of patients
had claudication and the others also had tissue loss.
Eighty-two per cent of the lesions were occlusions. The
average length of the lesions was 10.7 cm. Conventional
wire-balloon angioplasty was performed in 128 lesions; in
12 others, laser-assisted balloon angioplasty was per-
formed using an Nd- YAG laser thermal probe. Patients
were followed up at regular intervals for any recurrence
of symptoms and for objective evidence of restenosis or
re-occlusion.
Results. Despite a technical success in 83% of the

lesions, cumulative primary patency calculated by the
life-table method showed a slow decline which plateaued
at 40% after 36 months. Long occlusions and multifocal
stenoses showed shorter cumulative patency following
angioplasty (27 months and 5.8 months respectively).
Extensive luminal irregularity due to post-angioplasty
intimal flaps was reduced by using warm contrast for
balloon dilatation in 16 patients. In 14 patients who had
repeat angioplasty for restenosis, the secondary patency
showed a satisfactory figure of 84% at 60 months.
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Conclusion. Percutaneous transluminal angioplasty is a
satisfactory alternative to surgery in femoro-popliteal
stenotic or occlusive disease. Regular follow up of such
patients is essential in the first three years because
re-occlusion can occur. We found that patency remained
fairly constant after 36 months. Repeated angioplasty can
maintain patency in patients with restenosis.
Natl Med J India 1995;8:105-13

INTRODUCTION
Since its introduction by Dotter and Judkins! three decades
ago, percutaneous transluminal angioplasty (PTA) has
steadily progressed from being an alternative to surgery to
the treatment of choice for revascularizing different segments
of the vascular system. Improvements in balloon catheter
and guidewire !echnology, better awareness of the associated
pathophysiological. changes, availability of appropriate
pharmacological adjuncts and standardization of angioplasty
protocols are continuing to improve the results of PTA.2 In
India, the femoro-popliteal arterial segment has been treated
with PT A from the early days of its clinical trials, and its
immediate technical success and long term patency are now
reported to be equal to the results reported from other
countries.>" Saving costs by reducing hospital stay and
expenses as compared to surgical revascularization is parti-
cularly relevant in a developing country where there is a
scarcity of hospital beds and resources.P We started using
balloon angioplasty at our Institute in 1986 and have
evaluated the success rate and complications on follow up
and identified factors influencing long term patency.

PATIENTS AND METHODS
Between March 1986 and May 1993,140 PTAs were performed
in 119 patients (113 men and 6 women, age range: 21-76
years, mean: 55 years) with 21 of them having bilateral
procedures (Table I). One hundred and five (88%) of them
were smokers, 39 (33%) were diabetic and 49 (41%) were
hypertensives on treatment. Twenty (17%) patients had both
diabetes and hypertension. Indications for angiography and
PT A were claudication in 100 (71 %) lesions, while 40 (29%)
lesions were causing rest pain and minor tissue loss in the
form of non-healing ulcers or small amputations. The right
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TAl\LEI. Demographic details (n=119)

Item n(%)

Males
Smokers
Age (years)
<30
31-40
41-50
51--{j()

61-70
>70

113 (95)
105 (88)

5 (4)
9 (8)

28 (24)
41 (35)
31 (26)
5 (4)

Associated diseases and risk factors
Diabetes
Hypertension
Coronary artery disease
Transient ischaemic attack/Stroke

39 (33)
49 (41)
26(22)
8(7)

FIG la. Long (9 em) occlusion of the distal femoral artery.
Distal artery reformation is seen (arrowhead) through
collaterals
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and the left sides were involved almost equally (right, 72;
left, 68). Of the 140 lesions dilated, 115 (82%) were occlusions
(Fig. 1). Fifteen (11%) were single, contiguous stenotic
segments, and 10 (7%) had irregular arteries with multifocal
stenotic areas.

Seventy-eight (56%) of the lesions involved the femoral
artery at or just distal to the adductor canal, 38 (27%)
involved the proximal segment and 24 (17%) had lesions
affecting both segments. The length of the lesions varied
from 2 to 30 ern, with a mean of 10.7 cm (Fig. 2). Of the
vessels studied, 117 (84%) had a good distal run-off, with
two or more tibial arteries patent. Ninety-seven (69%)
lesions were isolated femoro-popliteal occlusions or
stenoses; 35 (25%) had associated iliac occlusive disease, 6
(4%) had stenotic lesions in the infra-renal aorta and 2 (1%)
had aorto-iliac lesions in addition to femoro-popliteal disease
(Table II). In patients with inflow vessel occlusive disease,
31 iliac lesions (25 stenoses; 6 occlusions) and 1 infra-renal

FIG lb. Satisfactory result of angioplasty is shown by
disappearance of the collaterals
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aortic stenosis underwent successful balloon angioplasty
either before or along with the intervention for the femoro-
popliteal disease. Two patients, one with aorto-iliac occlusion
and another with an infra-renal aortic occlusion were sub-
jected to aorto-femoral grafting before femoral angioplasty.

Patient selection and angioplasty technique
Patients referred to our Institute with symptoms suggestive
of lower limb ischaemia had a detailed physical examination
at the vascular surgery outpatient section. They were subjected
to non-invasive vascular assessment using Doppler studies
and segmental limb pressure measurements. A treadmill
was used to assess the severity of claudication. An echocar-
diogram was performed to assess cardiac function, regional
abnormalities in wall motion and presence of a left ventricular
thrombus. Angiography was done after basic biochemical
investigations for renal function and diabetic status were
carried out. Both lower limb arteries, iliac arteries and the

FIG 2a. Very long (28 ern) occlusion of the entire superficial
femoral artery with good reformation (arrowhead) of the
popliteal artery

infra-renal aorta were evaluated angiographically unless
non-invasive studies strongly favoured an isolated unilateral
femoro-popliteal disease. Since 1989, intravenous digital
subtraction angiography (IVDSA) was used in patients with
associated aorto-iliac occlusive disease. Balloon angioplasty
was performed at a separate session, unless the lesion was
of a short or medium length and involved a single arterial
segment. A conventional film-screen angiogram was obtained
before the PT A to assess vessel size and the length of the
occlusion or stenosis. Except in 3 patients in whom the
superficial femoral artery (SF A) was occluded from its origin
without an identifiable stump, all the angioplasties were
done by antegrade femoral artery puncture. At times, when
the occlusion began very close to the origin of the superficial
artery, an ipsilateral anterior oblique view of the common
femoral bifurcation helped in identifying the short proximal
stump without overlap (Fig. 3). The retrograde popliteal
artery catheterization technique, described by Tonnesen et

FIG2b. Note the good result following balloon angioplasty by
retrograde popliteal approach
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TABLE II. Details of lesions dilated (n=l40)
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Item

Unilateral
Bilateral

Length of lesion (mean: 10.7 em)
<3cm
3--6.9cm
7-14.9cm
>15cm
Inflow and run-off lesion
Aortic
Aorto-iliac
Ipsilateral iliac lesions
Poor run-off (2 or more tibial vessels occluded)

n(%) Item n(%)

98 Symptoms produced'
21 Grade/category 112or 3 100(71)

II14 13 (9)

13 (9) III/5 27 (19)

50 (36) Type of lesion

35 (25) Occlusions 115(82)
Single stenosis 15(11)42 (30) Multifocal stenosis 10 (7)

6 (4.3)
Site of lesion
Proximal femoral artery 38 (27)

2 (1.4) Distal femoral artery 78 (56)
35 (25) Both segments involved 24(17)
23 (16)

• according to SVS/ISCVS recommendations

FIG 3a. Angiogram of the common femoral artery bifurcation
(frontal view) showing occlusion of superficial femoral
artery close to its origin

FIG 3b. Angiogram of the same region in oblique view
demonstrates a short stump (short arrow) of the proximal
superficial femoral artery, not seen well in the frontal view
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al.? in 1988, was used in 3 patients with occlusion of the
SFA origin (Fig. 2b).

An Nd-YAG laser probe was used to cross the SFA
occlusion in 12 patients. In all the others, the lesions were
crossed by a guidewire prior to balloon angioplasty. Before
crossing the lesion with either a guidewire or a laser probe,
5000 units of heparin was injected into the artery through
an arterial dilator or catheter placed immediately proximal
to the lesion. Different angiographic guidewires such as a
Wholey wire (Advanced Cardiovascular System Inc.
California, USA) or a standard- or movable-core teflon-
coated wire (Terumo wire, Terumo Corporation, Tokyo,
Japan) were tried. Catheters were advanced slowly over the
wire, carefully avoiding dissection of the intima. In patients
with total occlusion of the artery, if the wire failed to progress
in a particular track, catheters with a slightly angled tip
(Judkins right coronary curve) helped in probing in different
directions. Once the catheter was advanced into the distal
normal artery, the wire was removed and a free back-flow
of blood assured.

The status of the run-off vessels was demonstrated using
contrast injection into the distal artery. A 5-6 mm balloon
catheter was used for PT A, depending on the size of the
artery being dilated. Many of the lesions were dilated using
polyethylene balloons mounted on a 7F shaft (PE Plus II,
USCI Division, c.R. Bard Inc., Massachusetts, USA). After
1990, low profile polyurethane balloons on a 5.3F shaft
(Proflex Catheter, Peripheral Systems Group, ACS,
California, USA) were also used to cross tight occlusive
lesions when it was impossible to advance the larger balloon
catheter. Once the balloon was placed across the lesion, it
was inflated using a steady pressure for 20-30 seconds till
the waist disappeared. This inflation was repeated 2-3 times.
When the length of the lesion was greater than the length
of the balloon, the balloon was re-positioned and inflated
till the whole length of the lesion was dilated. With the
balloon across the lesion, maintenance of its inflated state
without a waist despite releasing the inflating pressure pro-
vided a satisfactory clue to successful dilatation. Following
balloon dilatation, a check angiogram was performed after
withdrawing the balloon PT A catheter, but retaining the
wire. The procedure was repeated if any residual lesions
were present.

Adjuvant medication given during the angioplasty procedure
included sublingual nifedipine (5-10 mg) to prevent vaso-
spasm; and intra-arterial papaverine diluted in normal saline
or boluses of intra-arterial nitroglycerine (100 !Jog each) if
there was angiographically demonstrable moderate-to-severe
vasospasm. Angioplasty was repeated using warm contrast

. (60-70 "C) to inflate the balloon, in segments showing extensive
intimal flaps following initial dilatation (Fig. 4). At the end
of the procedure, the catheter was withdrawn from the artery
and haemostasis attained by digital compression at the
puncture site. All patients were retained in the hospital for
a minimum period of 72 hours. Post-procedure treatment
included bed rest with restricted movements of the
punctured limb, administration of 5000 units of intravenous
heparin every six hours for 48 hours, low molecular weight
dextran in a slow infusion for 24 hours, aspirin 150 mg once
a day and dipyridamole 100 g every 8 hours. The limb was
carefully monitored for disappearance of the distal pulses
or any other signs of progressive ischaemia. Most patients

FIG 4a. Check angiogram of the distal right superficial
femoral artery immediately after angioplasty shows
irregular lumen due to multiple intimal flaps

FIG 4b. Angiogram showing reduced intimal irregularity and
good antegrade flow following repeat angioplasty using
warm contrast

were discharged on the third or fourth day after obtaining
the post-angioplasty Doppler pressure data. Dipyridamole

-was continued for 3-6 months after PTA, and patients were
advised to take aspirin throughout their lives. They were
also instructed to refrain from smoking.

Follow up
All patients were asked to report for follow up at 3 months,
6 months, 1 year and at half-yearly intervals (or earlier if
their symptoms reappeared). At follow up, evidence of sub-
jective improvement, objective assessment of the status of
the ischaemic limb and Doppler pressure values for the
ankle-arm index were recorded. Patients with clinically
obvious recurrence of limb ischaemia were advised admis-
sion, angiography and re-intervention. The maximum period
of follow up for primary patency was 66 months. Thirty-six
(31%) of the lesions recurred during this period of whom
14 underwent redilatation. The follow up period including
that for secondary patency was a maximum of 72 months.
Long term patency was calculated by the life-table method.
We assessed the effects on long-term patency of age,
symptoms at presentation, presence of diabetes mellitus and
lesion characteristics such as site, type (stenosis or occlusion),
length, diameter of the patent artery close to the lesion,
nature of the profunda femoris and collaterals, presence of
disease in the inflow vessels, post-angioplasty morphology
of the intima, run-off vessel status, occurrence of complica-
tions, residual narrowing after angioplasty and the ankle-ann
index immediately prior to PT A.
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RESULTS
One hundred and sixteen angioplasty procedures were
technically successful, that is, the lesions were crossed
successfully and dilated (Table III). Among the 24 lesions
(17%) where angioplasty was technically unsuccessful, 22
(16%) were occlusions (average length 15.4 cm). On sub-
categorization of these according to their length, longer
occlusions were more likely to be associated with a technical
failure (Table IV). Clinical failure (no change in the clinical
status of the ischaemic limb in spite of a technically successful
angioplasty) was seen in 13 lesions (9%). One of these
patients, a 21-year-old athlete, had popliteal artery entrap-
ment as the underlying cause for his 10 em long distal femoro-

TABLE III. Results and clinical outcome after percutaneous
transluminal angioplasty

Item n(%)

Technical success
Wire-bal1oon PTA
Laser-assisted PTA
Clinical outcome
+3 (normal)
+2 (moderate improvement)
+1 (mild improvement)

o (unchanged)
-1 (mild worsening)
- 2 (moderate worsening)
- 3 (marked worsening)

116 (83)
128
12

30(21)
35 (25)
34 (24)
13(9)
2 (1.4)
2(1.4)
0(0)

TABLE IV. Details of failed percutaneous transluminal
angioplasty

Item Technical failure
n(%)

Clinical failure
n(%)

Total number of failures
Age (years)
<30
31-40
41-50
51-Q()
61-70
>70
Riskfactors
Male
Diabetes
Hypertension
Smoking
Site of lesion
Proximal superficial femoral artery
Distal superficial femoral artery
Entire superficial femoral artery

Type of lesion
Occlusion
Multifocal stenoses
Length of lesion (in cm)
<3
3-{j;9
7-14.9
>15

24 13

2 (8.3)
2 (8.3)
7 (29)
6(25)
6(25)
1(4.2)

1(7.7)
o
1 (7.7)
4 (31)
6(46)
1(7.7)

24 (100)
8(33)
8 (33)

20 (83)

11(85)
4 (31)
8 (62)

10 (77)

5 (21)
12(50)
7 (29)

2(15)
4 (31)
7 (54)

22 (92)
2(8.3)

8 (62)
5 (39)

o
9(38)
4(17)

11(46)

o
3 (23)
2(15)
3(23)
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popliteal occlusion. The constriction produced (over the
popliteal artery with the inflated balloon in situ) by the
entrapping muscle-sling was recognized when the patient
was asked to dorsiflex the ankle at the time of angioplasty-
balloon inflation. The clinical condition worsened in 4
patients, and emergency surgery was required in 2. Good
results were obtained in 99 (71 %) limbs, and the outcome
according to Rutherford's'? criteria is given in Table III.

Thirty-eight (27%) complications were encountered in 140
procedures (Table V). Many of these were minor and self-
limiting. Four large haematomas at the puncture site
required local hyaluronidase injection and 2 required
evacuation. All patients with intra-procedural vasospasm
were managed successfully using antispasmodics (nifedipine,
papaverine and nitroglycerine). Six patients had acute
thrombotic re-occlusion of the dilated segment within 48 hours
of the procedure. Two of them underwent fernoro-popliteal
grafting, 2 had surgical embolectomy, and 2 were treated
successfully by thrombolysis using urokinase (intra-arterial,
150000-250000 IU over a period of 3-4 hours). One patient
who had a femoral artery perforation during angioplasty
and another with pseudo-aneurysm at the puncture site were
subjected to surgical treatment. In 1 patient, while withdrawing
the balloon catheter after angioplasty, the low-profile balloon
became detached from the shaft of the catheter and got
lodged in. the femoral artery. The balloon was retrieved
by immediate open exploration. A 63-year-old diabetic lady
who developed adult respiratory distress syndrome (ARDS)
24 hours following PTA had to be intubated and put on
ventilatory support for 3 days before she recovered from
the complication as well as from her limb ischaemia.

Follow up
The duration of follow up ranged from 0 to 66 months [mean
(SO): 11.3 (13.8) months]. Seven patients were lost to follow
up. The cumulative patency rate was calculated for 133 lesions
treated by PT A in whom follow up data were as follows: 69%

-at 12 months (SE 5.5 months) 54% at 21 months (SE 6 months)

TABLE V. Complications of angioplasty

Type n(%) Management

Minor
Smal1haematoma 7 (18) Conservative
Non-obstructing flap 6(16) Conservative
Vasospasm 9 (24) Sublingual nifedipine. intra-arterial

nitroglycerine/papaverine

Major
Perforation of artery 1 (2.6) Surgical repair, fernoro-popliteal

grafting
Acute re-occlusion 6(16) Intra-arterial urokinase/

ernbolectomy/temoro-popliteal
grafting

Large haematoma 4(11) Local hyaluronidase
Distal embolism 2 (5.3) Intra-arterial urokinase, thrombus

aspiration
Balloon rupture and 1 (2.6) Surgical removal

retention
Acute respiratory 1 (2.6) Ventilatory support

distress syndrome
Pseudoaneurysm 1(2.6) Surgical repair

Total 38 (100)
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and 40% at 36 months (SE 7.3 months). The cumulative
'patency rate remained steady at 40%, even after 60 months
of follow up (Fig. 5). Thirty-six (31%) lesions restenosed
during follow up (9 at 3 months, 12 at 6 months, 6 at 1 year,
6 at 2 years and 3 after 2 years). Fourteen restenosed segments
were successfully redilated, and their cumulative patency
including redilatations (cumulative secondary patency) was
calculated to be 84% at 60 months (Fig. 6).

On analysis of individual factors which could affect long
term patency of the dilated vessel, 3 of them were found to
be statistically significant. These were:

Site of lesion (p=O.OI). Lesions which involved both the
distal and proximal parts of the femoro-popliteal arterial
segment were found to have a lower median patency
(6.5 months) than those which involved either the proximal
(26.6 months) or the distal (31.9 months) segment alone
(Fig. 7).

Type of lesion (p=0.02). Occlusions had a lower median
patency (26.7 months) than stenoses (48 months). Multifocal
stenotic lesions had the lowest median time (5.8 months)
for cumulative patency (Figs. 8 and 9).

Post-angioplasty morphology (p=O.OI). Irregular post-
angioplasty morphology with multiple intimal flaps seen on
post-PTA angiograms were found to have a shorter median
patency period (17.2 months; Fig. 10). On the other hand,
if the check angiogram showed a regular and smooth vessel
lumen, it remained patent for a longer period (66 months).

Another individual variable which came close to statistical
significance (p=0.06) was the length of the dilated lesion.
Very long (more than 15 em) lesions tended to have a shorter
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FIG 6. Graphical representation of cumulative secondary
patency in 14 patients who underwent repeat angioplasty
for restenosis in the femoro-popliteal segment
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FIG 7. Comparison of patency depending on site of
femora-popliteal occlusive lesion. Restenosis occurs early
in lesions involving proximal and distal segments
simultaneously
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resulted in earlier restenosis

median patency time (16.7 months) compared with short
(3-6.9 em) and long (7-14.9 ern) lesions. Short lesions were
found to have the longest patency of 66 months while long
lesions had a median patency time of 36.5 months.

Variables such as age of the patient, presence of diabetes,
symptoms at presentation, ankle-arm index prior to angio-
plasty, diameter of the vessel dilated, nature of collaterals,
presence of complications, residual stenosis after angioplasty
and the status of run-off vessels did not affect long term
patency.

DISCUSSION
Angioplasty for fern oro-popliteal disease has been used for
more than three decades, but a clear understanding of the
factors influencing its long term results is far from complete.
Nevertheless, useful guidelines for patient selection and
performance of femoro-popliteal angioplasty can be derived
from the cumulative experience of various authors. Becker
et al.? in their article on non-coronary angioplasty sum-
marized data from 4304 femoro-popliteal procedures done
at different centres and found the mean technical success
or initial patency to be 81%. The patency of the segment
subjected to angioplasty at 4-5 years follow up ranged from
54% to 73%. The fact that the reported cumulative patency
following surgical infra-inguinal reconstruction from various
centres (551 procedures) between 3 and 5 years is 47% to
52%, the relevance of PT A in the femoro-popliteal segment
is evident.!' The initial technical success rate in our series
was 83%, despite the fact that 82% of the procedures were
done for occlusions and the mean length of attempted lesions
was 10.7 ern,
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Thirteen (9%) of our patients did not show an immediate
clinical improvement despite a technically successful angio-
plasty (clinical failures, Table IV). This figure is higher than
the 3% to 4%4,12 reported in the literature, We have also
included acute (within 48 hours) post-angioplasty re-occlusions
in this clinical failure group. The reasons for the high incidence
of immediate clinical failures may have been poor patient
selection for PTA (e.g. patients who had advanced
atherosclerotic disease, limb-threatening ischaemia or poor
run-off vessels) or inadvertent and silent distal embolization
which might have happened during the procedure.P Of the
13 patients with a poor clinical outcome, 4 were diabetics
and 2 were post-menopausal women-in these groups an
accelerated form of atherosclerosis is known to occur.v"
The relationship between poor run-off vessels and reduced
long term patency is now well established. IS Half the patients
with immediate clinical failure had poor distal run-off, while
only 16% of the entire study group had poor run-off.

Except for 3 cases of short (3-6.9 ern) occlusions, all the
others had long (7-14.9 ern) or very long (15 em and more)
occlusions and multi focal stenotic lesions, where the average
procedure time was long, allowing chances for inadvertent
embolization. The fact that the immediate clinical outcome
was unsatisfactory in half of the patients with multifocal
stenoses confirms that this subset was not suited for the
procedure and the poor long term patency in this group
reinforces this point (Fig. 8).12

It is well known that the region in the superficial femoral
artery most susceptible to atherosclerosis is the subsartorial
(adductor canal) segment, and the segment near its origin
from the common femoral artery. PT A should be effective
if there is isolated involvement of either of these segments
sparing the others, irrespective of the length of the occlusion."
Occlusive lesions involving both the proximal and distal seg-
ments of the superficial femoral artery result in poor long
term patency after the procedure ..

We found that a ragged intimal surface resulting from
tears due to balloon angioplasty influences long term
patency. This observation differs from that of Capek et al."
who found no such effect. Longer occlusions can have
lengthy irregular segments after angioplasty but there are
no known ways of predicting which patient or lesion will
have this. Similarly, there are no recognized measures to
reduce the chances of producing intimal tears at the time of
balloon inflation. An irregular lumen due to a ragged intima
can impede the flow of blood in the long term, even if there
is good antegrade flow in the immediate post-PT A angiogram.
This in turn will result in delayed re-occlusion or restenosis.
We have observed that when the arterial segment subjected
to angioplasty is irregular in the check angiogram, redilatation
with warm contrast in the balloon may be helpful. In 14 out
of 20 patients in whom we have used this technique, the
luminal irregularity has become less conspicuous (Fig. 4).
On follow up, the long term patency of these vessels was
comparable to those arteries in which the lumen after PT A
was regular.

We feel that our experience has been encouraging and
suggest that balloon angioplasty is an effective treatment
for lower limb ischaemia secondary to stenosis or occlusion
of the femoro-popliteal segment. We achieved a high rate
of technical success which was comparable to some of the
best results reported, but our long term patency rate was
lower. We also noted that a technically successful angioplasty
need not necessarily be clinically successful, especially in
the long term. Despite good immediate technical and clinical
results post-angioplasty restenosis in the long term occurred
when lesions involved the proximal and distal segments of
the superficial femoral artery simultaneously and when there
were multiple stenoses. Extensive intimal irregularity after
PT A also reduced the chances of long term patency. Femoro-
popliteal angioplasty has particular relevance in a country
where hospital beds are scarce.
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