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Introduction: Surgical revision of failing peripheral
arterial bypass grafts has generally been shown to pro-
vide superior patency rates compared to balloon angio-
plasty. We analyzed whether balloon angioplasty,
specifically of peri-anastomotic stenoses (PAS), pro-
vided acceptable patency rates, because surgery for
these lesions is more difficult and is likely associated
with higher complication rates compared to surgical
revision of stenoses in the body of a graft. Methods: This
is a retrospective review of PAS balloon angioplasties
performed at a single institution between January 1,
1999, and September 1, 2005. We report “primary site
patency” as a stenosis treated by balloon angioplasty,
“revised primary site patency” as a stenosis treated by
repeat balloon angioplasty, and “secondary site patency”
as an angioplastied stenosis treated surgically or when
the graft thrombosed and was revised surgically. All pro-
cedures were performed in an endovascular operating
room based on duplex scan findings suggesting a signif-
icant stenosis. Results: 48 PAS in 33 autologous vein and
15 prosthetic grafts were treated by balloon angioplasty

in 42 patients. Mean follow-up was 12 months (range,
1-49 months). Interventions were performed on 22 femor-
opopliteal grafts (11 proximal, 11 distal), 20 femorotibial
grafts (5 proximal, 15 distal), 2 axillofemoral grafts (2
proximal anastomoses), 2 popliteal-pedal grafts (1 prox-
imal, 1 distal), and 1 common iliac-femoral graft (prox-
imal). Life-table analysis revealed 2-year primary,
assisted primary, and secondary patency rates of 38%,
58%, and 84%, respectively. No major complications
occurred with any endovascular intervention. Conclu-
sion: Balloon angioplasty of PAS resulted in acceptable
2-year assisted primary patency rate of almost 60%.
Endovascular intervention avoided repeat incisions in
scarred groins, higher rates of nerve injury and infection,
significant blood loss, and longer length of hospital
stays. We recommend that balloon angioplasty of PAS
be attempted before resorting to surgical intervention,
especially in cases of hostile anastomotic wounds.

Keywords: balloon angioplasty; failing graft; arterial
bypass revision

Introduction

Lower extremity arterial bypass grafts occlude for a
variety of reasons, including intimal hyperplasia,
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technical errors, and progression of atherosclerosis. '
Surgical revision of stenoses has been accepted as
the gold standard and provides superior patency
when compared to endovascular treatment of recur-
rent stenoses.”* Although surgical revision provides
higher patency rates, it is also associated with higher
rates of nerve injury, wound and graft infection,
bleeding, longer operative times, increased pain,
and longer length of hospital stay compared to
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endovascular revision.”® We specifically analyzed
whether balloon angioplasty of peri-anastomotic ste-
noses (PAS) was worthwhile because surgical revi-
sion is considerably more difficult than angioplasty
for PAS in reoperative scarred fields. During the
time period of this study, only simple balloon angio-
plasty procedures were included, and other endovas-
cular techniques such as cutting balloon, cryoplasty,
stenting, and atherectomy were not performed. This
study of PAS lesions can therefore provide “gold-
standard” endovascular results with which other
techniques can be compared.

Methods

Between January 1, 1999, and September 30, 2005,
we conducted a retrospective review of peri-
anastomotic balloon angioplasties performed by vascu-
lar surgeons at Pennsylvania Hospital in Philadelphia.
Patients were identified through our computerized
vascular registry. Duplex ultrasound (DU) was part
of a routine surveillance protocol to identify stenotic
lesions in failing peripheral artery bypass grafts.
Ultrasound criteria that suggested a significant
stenosis were monophasic signals throughout the
graft, uniform peak systolic velocity (PSV), PSV
<45 cm/s, PSV >300 cm/s at the site of stenosis, and
adjacent PSV ratio >3.5.”® Patients identified as
having significant stenosis were brought to an endo-
vascular operating room where they underwent
arteriography to confirm the stenosis and concomi-
tant treatment of the lesion. All lesions were con-
firmed to be >75% diameter-reducing stenoses by
intraoperative angiography prior to any intervention.

Peri-anastomotic stenosis was defined as a graft
stenosis within 2 c¢m of the proximal or distal anasto-
mosis of the graft and within the previous surgical
field.

Life-table analysis was used to evaluate primary
patency, assisted primary patency, and secondary
patency rates.” For the purpose of this study, we have
modified the standard definitions used to describe
graft patency following balloon angioplasty of PAS.
Primary site patency was defined as a peri-anastomo-
tic stenosis treated with a single balloon angioplasty
procedure that remained patent by routine duplex
surveillance. Assisted primary site patency was
defined as graft angioplasty site patency that
required repeat balloon angioplasty based on DU
findings. Secondary site patency was defined as graft

Table 1. Type of Graft and Anastomotic Location
of Peripheral Arterial Bypass Peri-Anastomotic
Stenoses

Proximal Anastomosis Distal Anastomosis

Femoral-popliteal 11 11
Femoral-tibial 6 15
Axillary-femoral 2 0
Popliteal-pedal 1 1
Iliac-femoral 1 0

Table 2. Type of Graft and Conduit Associated

With Peri-Anastomotic Stenoses

Vein PTFE
Femoral-popliteal 13 9
Femoral-tibial 19 2
Axillary-femoral 0 2
Popliteal-pedal 2 0
Iliac-femoral 0 1

NOTE: PTFE = polytetraflouroethylene

angioplasty site that required surgical revision or
graft thrombectomy to remain patent. The reason
that all surgical revisions were included in this defi-
nition of secondary site patency, regardless of
whether the graft was still patent, was that open sur-
gical revision represented a failure of angioplasty.
This definition will lower the patency rates compared
to standard definitions. Surgical intervention was
performed for failing grafts if balloon angioplasty had
resulted in a residual persistent defect, if recurrent
stenosis developed after relatively short follow-up
(less than 3-6 months, based on the discretion of the
surgeon), or if the graft had thrombosed.

Results

A total of 48 PAS underwent balloon angioplasty in
42 patients, therefore 6 patients underwent angio-
plasty at 2 different sites simultaneously. Of them,
20 patients were male and 22 patients were female.
The mean age of the patients was 70 years (range,
53-90). Risk factors included diabetes mellitus
(33%), smoking (81%), hypercholesterolemia
(52%), hypertension (92%), and renal insufficiency
(15%) defined as serum creatinine >2.0 mg/dL.
Table 1 demonstrates the site of the stenosis and the
proximal and distal anastomosis of the bypass origi-
nally performed. Table 2 lists the original conduits
used for the bypasses.
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Table 3. Primary Patency Rates of Balloon Angioplasty of Peri-Anastomotic Stenosis of Peripheral Arterial
Bypasses
No. Withdraw patent due to
Interval Sites Failed Loss to Follow Interval Patency Cumulative Primary  Standard
(Months) Angioplastied ~ Grafts  Duration Up Death Rate Patency Error
0-1 48 0 0 0 0 1.00 100.00 0.00
1-3 48 10 1 0 0 0.79 78.95 5.23
3-6 37 7 2 3 0 0.80 62.93 6.30
6-9 25 2 2 2 0 091 57.46 7.50
9-12 19 1 1 2 0 0.94 54.17 8.41
12-15 15 0 1 0 0 1.00 54.17 9.47
15-18 14 1 0 0 0 0.93 50.30 9.48
18-21 13 3 0 0 0 0.77 38.70 8.40
21-24 10 0 0 0 0 1.00 38.70 9.58
24-27 10 0 1 2 0 1.00 38.70 9.58
27-30 7 0 1 0 0 1.00 38.70 11.45
30-33 6 1 0 0 0 0.83 32.25 10.84
33-36 5 0 1 1 0 1.00 32.25 11.87
36-39 3 0 1 0 0 1.00 32.25 15.32
39-42 2 0 0 0 0 1.00 32.25 18.77
42-45 2 0 0 0 0 1.00 32.25 18.77
45-48 2 0 0 1 0 1.00 32.25 18.77
48-51 1 0 0 1 0 1.00 32.25 26.54

Two-year primary, assisted primary, and second-
ary patency rates for balloon angioplasty of PAS were
38%, 58%, and 84%, respectively, based on our defini-
tion of angioplasty site patency (Tables 3-5, Chart 1).
We reemphasize that any graft that underwent surgi-
cal revision was counted as a failure, even if the graft
was patent at the time of surgical revision, and thus
artificially lowered the primary assisted patency
rates. Complications of our endovascular interven-
tions included 1 postprocedure hematoma at the
puncture site and 1 hematoma at the site of angio-
plasty. Neither of these required surgical interven-
tion and both patients were discharged the same
day as the procedure. No infections, nerve injuries,
wound breakdown, or cardiac or pulmonary compli-
cations were noted within 30 days of the procedures
in any patient.

Discussion

The treatment of stenosis of infrainguinal bypasses
grafts has changed over the last decade with the
introduction and increasing use of minimally inva-
sive techniques. Several authors have reported treat-
ment of failing grafts with balloon angioplasty but
none have focused on the treatment of stenosis,
which occur within the peri-anastamotic area.'®'!

These stenoses are more difficult to treat surgically
and are associated with a higher incidence of compli-
cations than stenosis elsewhere in the graft because
of associated scarring and the depth of the graft. As
these tend to be fibrotic rather than atherosclerotic
lesions, angioplasty may be less effective and less
durable than surgical repair. However, the higher
morbidity of surgery in this setting might balance a
relatively lower long-term success rate for balloon
angioplasty.

We used DU to monitor our infrainguinal
bypasses based on a strict protocol.” Duplex ultra-
sound examinations were performed every 3 months
for the first year, every 6 months for the second year,
and yearly after that if no problems were found.
Duplex surveillance has been demonstrated in sev-
eral studies to improve graft patency and limb sal-
vage rates.''' Our DU studies examined the
inflow and outflow arteries, the peri-anastomotic
sites, and every 10 cm along the graft. Duplex ultra-
sound has also shown to be cost effective to prevent
graft occlusion. Visser found that the cost per patient
of DU in a graft surveillance protocol was US$2823
and resulted in 17 amputations per 1000 patients
compared to clinical follow-up and lower extremity
segmental pressures, which resulted in a cost of
about US$5000 per limb and resulted in 77 amputa-
tions per 1000 patients.'’
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Table 4. Assisted Primary Patency Rates of Balloon Angioplasty of Peri-Anastomotic Stenosis of Peripheral
Arterial Bypasses

No. Withdraw Patent Due to

Cummulative
Interval Sites Failed Loss to Follow Interval Patency Assisted Standard
(Months) Angioplastied Grafts  Duration Up Death Rate Primary Patency Error
0-1 48 0 0 0 0 1.00 100.00 0.00
1-3 48 9 1 0 0 0.81 81.05 5.09
3-6 38 6 2 3 0 0.83 67.35 6.24
6-9 27 1 2 2 0 0.96 64.66 7.40
9-12 22 2 1 2 0 0.90 58.35 8.03
12-15 17 0 1 0 0 1.00 58.35 9.13
15-18 16 0 0 0 0 1.00 58.35 9.41
18-21 16 0 1 1 0 1.00 58.35 9.41
21-24 14 0 1 0 0 1.00 58.35 10.06
24-27 13 1 1 2 0 0.91 53.28 10.10
27-30 9 0 1 0 0 1.00 53.28 12.14
30-33 8 1 0 0 0 0.88 46.62 12.04
33-36 7 0 2 1 0 1.00 46.62 12.87
36-39 4 0 1 0 0 1.00 46.62 17.03
39-42 3 0 1 0 0 1.00 46.62 19.66
42-45 2 0 0 0 0 1.00 46.62 24.08
45-48 2 0 0 1 0 1.00 46.62 24.08
48-51 1 0 0 1 0 1.00 46.62 34.06

Table 5. Secondary Patency Rates of Balloon Angioplasty of Peri-Anastomotic Stenosis of Peripheral Arterial
Bypasses

No. Withdraw Patent Due to

Interval Sites Failed Loss to Follow Interval Patency Secondary Standard
(months) Angioplastied Grafts  Duration Up Death Rate Patency Error
0-1 48 0 0 0 0 1.00 100.00 0.00
1-3 48 3 1 0 0 0.94 93.68 3.40
3-6 44 4 2 3 0 0.90 84.65 5.00
6-9 35 0 2 3 0 1.00 84.65 5.61
9-12 30 0 3 2 0 1.00 84.65 6.05
12-15 25 0 1 0 0 1.00 84.65 6.63
15-18 24 0 0 0 0 1.00 84.65 6.77
18-21 24 0 1 1 0 1.00 84.65 6.77
21-24 22 0 1 1 0 1.00 84.65 7.07
24-27 20 0 3 2 0 1.00 84.65 7.42
27-30 15 0 1 0 0 1.00 84.65 8.56
30-33 14 1 0 0 0 0.93 78.61 9.72
33-36 13 0 2 1 0 1.00 78.61 10.08
36-39 10 1 1 0 0 0.89 70.33 12.11
39-42 8 0 1 0 0 1.00 70.33 13.54
42-45 7 0 1 0 0 1.00 70.33 14.48
45-48 6 1 1 1 0 0.80 56.27 15.19
48-51 3 0 2 1 0 1.00 56.27 21.48

Once a peripheral graft stenosis is detected, there
are several treatment options available. A minimally
invasive approach with percutaneous balloon angio-
plasty can be performed. This procedure can be done

at the same time as an arteriogram that most interven-
tionalists perform to confirm the DU findings. Gener-
ally, balloon angioplasty of a peripheral graft does not
require extensive cardiac evaluation due to the
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Chart 1. Life-table analysis of graft patency.

minimally invasive nature of this intervention and the
fact that it can be performed under local anesthesia.
This strategy also permits patients to be discharged
the day of the procedure unless complications occur
or hydration is required for renal dysfunction.

Alternatively, there are several surgical
approaches to treat peripheral bypass stenoses. A
patch angioplasty, an interposition graft, or a jump
graft can be performed, depending on the severity
and length of the lesion. However, operative repair
may require an incision in a previously operated field
and often requires a venous conduit, which may not
be available. Surgical revision of failing peripheral
bypasses is associated with a higher incidence of
complications including nerve injury, wound and
graft infection, prolonged hospital stay, increased
bleeding complications, and longer operative times
compared to percutaneous endovascular interven-
tions. These complications are even greater when
working in previously operated fields such as those
associated with stenoses in peri-anastomotic
1regi0ns.16’]7

Surgical revision has shown to provide superior
patency rates compared to balloon angioplasty of
lower extremity bypass grafts.'® Assisted primary
patency rates of 60% to 82% at 5 years for surgical
revision of failing lower extremity arterial bypasses
have been reported.'? In our study, the assisted pri-
mary site patency rate was 58% at 2 years, Therefore,
although patency rates in our series of balloon angio-
plasty of PAS appear lower compared to other series

with open surgery, endovascular intervention was
quicker and associated with a lower incidence of
reported complications associated with surgery. We
decided to intervene surgically if the graft had
thrombosed or if balloon angioplasty had resulted
in a residual persistent defect or if recurrent stenosis
developed after relatively short follow-up, which
generally meant less than 3 to 6 months, based on
the discretion of the surgeon.

Conclusion

Balloon angioplasty of PAS produced an acceptable
2-year assisted primary patency rate of almost 60%.
Endovascular intervention avoids repeat incisions
in scarred groins and distal sites where morbidity
may be significant. We recommend that balloon
angioplasty of PAS be attempted before resorting to
surgical intervention. Indeed, even repeat balloon
angioplasty for recurrent lesions may be appropriate
for many patients. Results of balloon angioplasty and
other minimally invasive interventions may continue
to improve with new technologies including cutting
balloons, cryoplasty, and atherectomy. Our results
of balloon angioplasty of PAS can serve as a bench-
mark for endovascular results with which these other
techniques can be compared. In addition, improved
antiplatelet drugs may help improve patency rates
of these endovascular interventions.
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