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Endovascular treatment of peripheral vascular
lesions with stent-grafts
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PURPOSE

To evaluate our results of stent-graft implantation for
the endovascular treatment of peripheral vascular le-
sions.

MATERIALS AND METHODS

Seventeen patients underwent repair of iatrogenic,
traumatic, or spontaneous vascular lesions by means
of endovascular stent-grafts. The study cases con-
sisted of 10 cardiac catheterization-induced femoral
arteriovenous fistulas (AVFs) located between the
deep femoral artery and the femoral vein, one iatro-
genic AVF between the common iliac artery and vein,
one penetrating trauma-induced AVF between the
superficial femoral artery and vein, two penetrating
trauma-induced pseudoaneurysms in the axillary and
popliteal arteries, and three spontaneous or athero-
sclerosis-related iliac artery aneurysms. Balloon-ex-
pandable or self-expandable stent-grafts were used
in all 17 cases.

RESULTS

All the stent-grafts were deployed successfully. In
catheterization-induced femoral AVFs, complete clo-
sure of the fistulas was immediately accomplished in
9 of the 10 cases. Blood flow within the pseudoaneu-
rysms of the axillary artery and the popliteal artery,
and aneurysms of the iliac arteries were stopped.
Partial closure was achieved in two patients with
traumatic iliac and femoral AVFs. For the patients
who reported subsided complaints, mean follow-up
for 24 months with clinical examination and color
Doppler ultrasound revealed patency of the stented
segments.

CONCLUSION

Our results suggest that endovascular treatment
of various types of peripheral vascular lesions with
stent-grafts is a low-risk procedure, which appears to
be less invasive than surgery.
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tially proposed by Dotter in 1969 (1). Subsequently, Balko et al.

(2) reported the transfemoral placement of an intraluminal poly-
urethane-coated prosthesis in a sheep abdominal aortic aneurysm (AAA)
model. The first report of the use of this technique in man was by Parodi
et al. (3). They reported the treatment of AAAs by transfemoral intralu-
minal Dacron grafts, anchored by modified stainless steel stents. Since
then, endovascular stent-graft placement has been increasingly used to
treat vascular lesions, mainly AAAs. There are also a number of reports
on AAA treatment of iatrogenic or traumatic vascular lesions, namely
pseudoaneurysms, arteriovenous fistulas (AVFs), arterial ruptures, and
perforations (4-7).

The concept of a transluminally placed endovascular graft was ini-

Materials and methods

Between February 1998 and July 2004, 17 patients (10 men, 7 wom-
en; age range, 21-85 years; mean age, 61 years) underwent repair of pe-
ripheral vascular lesions by means of endovascular stent-grafts (Table).
The patient population consisted of 10 cardiac catheterization-induced
femoral AVFs, located between the deep femoral artery and the femo-
ral vein, one penetrating trauma-induced AVF between the superficial
femoral artery and vein, one lumbar discectomy-induced iatrogenic AVF
between the common iliac artery and vein, one penetrating trauma-in-
duced right axillary artery pseudoaneurysm, one penetrating trauma-in-
duced left popliteal artery pseudoaneurysm, one spontaneous right iliac
artery aneurysm, and two aneurysms associated with atherosclerotic ob-
structive disease in the iliac arteries.

Two types of endovascular stent-grafts were used: balloon expand-
able Jostent peripheral stent grafts (Jomed, Rangendingen, Germany)
in 13 patients, and a self-expandable Wallgraft (Boston Scientific, San
Francisco, CA, USA), Hemobahn (W. L. Gore Associates, Inc., Flagstaff,
AZ, USA), or Stenford (Stenford Groupe Valendos S.A., Nanterre, France)
stent-graft in four patients. The Jostent peripheral stent-graft is made us-
ing a sandwich technique, whereby the expandable polytetraflouroeth-
ylene (PTFE) graft material is placed between two thin stents. The Wall-
graft is a flexible self-expanding covered stent-graft made of a cobalt and
titanium alloy, which is covered with polyethylene terephthalate (PET).
The Hemobahn stent-graft consists of intranodal ultra-thin-wall PTFE
graft material on the inner surface and a self-expanding nitinol stent on
the exterior. The Stenford covered stent-graft is a self-expanding nitinol
stent, which is covered with Dacron graft material.

Patients with suspected vascular lesions were referred to us for con-
firmation by color Doppler ultrasonography. The definitive diagnoses
of the lesions were made by selective angiography. All procedures were
performed in an angiography unit with roadmapping capacity (Advantx



AFM, GE Medical Systems, Milwaukee,
WI, USA). In 16 cases, stent-graft deploy-
ment was performed via a retrograde
femoral approach. In only one case with
popliteal pseudoaneurysm, an antegrade
femoral approach was preferred. In all
cases with iatrogenic femoral AVFs, a flex-
ible 7 Fr, 45-cm-long introducer sheath
(Super Arrow-Flex, Arrow International,
Reading, PA, USA) was placed across the
aortic bifurcation to the contralateral
side by the cross-over technique.
Iatrogenic femoral AVFs were a result
of arterial puncture during coronary
angiography (n=2) or percutaneous
transluminal coronary angioplasty and
coronary stenting (n=8). These patients
were all on anticoagulation and an-
tiplatelet regimens for their coronary
artery disease. Symptomatic patients
were immediately treated. In asympto-
matic patients, ultrasonography guided
compression for 20 minutes was at-
tempted three times. Persistent patency
of the AVF, despite ultrasonography
guided compression, constituted our
inclusion criterion in asymptomatic ia-
trogenic femoral AVF patients. Balloon-
expandable stent-grafts, 12-28 mm in
length and 4-9 mm expandable in di-
ameter range, one for each lesion, were
used. Stent-grafts were crimped manu-
ally onto a 5-6 Fr, 5-7 mm peripheral
angioplasty balloon (Opta Pro, Cordis
Europa, Roden, The Netherlands). The
vessel diameter was automatically cal-

Figure 1. a-d. Cardiac catheterization-induced femoral AVF. a. Right iliofemoral angiogram
shows an AVF originating around the femoral artery bifurcation. Note the immediate venous . . .
return to the femoral vein (arrow). b. Selective injection into the deep femoral artery reveals that ~ Culated with reference to the diagnostic

the AVF is between the deep femoral artery and the femoral vein (arrow). c. Native X-ray shows catheter, which was used as the baseline
the insertion of a stent-graft (arrowheads) (25 mm long, mounted on a 5.0 mm peripheral for the stent-graft diameter. Roadmap
balloon) through a 7 Fr flexible guiding sheath by contralateral femoral approach. and angiographic control were used for

d. Angiogram after stent-graft (arrows) implantation shows the immediate closure of the fistula. the exact placement of the stent-graft

Self-expandable stent-grafts, 40-50
mm in length and 6-13 mm expand-

Table. Summary of cases . - .
able in diameter, one for each lesion,

Patient Age/Sex Lesion Lesion Follow-up were used in cases with axillary (n=1)
No. type location (months) and li _
popliteal (n=1) pseudoaneurysms,
1 71, F AVF DFA- FV 43 spontaneous iliac aneurysm (n=1) and
g %'KA %E giﬁ: Ex z in one iliac aneurysm associated with
4 61, M AVF DFA- FV 38 obstructive atherosclerotic iliac disease.
5 72, F AVF DFA- FV 41 They were deployed when the appro-
6 65, F AVF DFA- FV 23 i it _
2 70 M AVE AR b priell.te %osmon of the stent-graft was
8 63, F AVF DFA- FV 21 achieved. _
9 69, F AVF DFA- FV 20 All patients were given a 5,000 IU
}? ggm %E SDFFAA/-DFIX-\ . ?g heparin bolus, intra-arterially, during
12 38 M AVF CIAV ; stent-graft placemel.lt. Adjunctive therapy
13 21, F PA R axillary artery 50 after the procedure included low molecu-
14 85, M PA L popliteal artery 6 lar weight heparin (Fraxiparine, Sanofi
1> 49M Afplaque Rilliacartery 28 Pharma, Paris, France) for three days (two
16 58, M A L!I!ac artery 3 d dav. 0.4 ml d beut
17 74, M A/plaque L iliac artery 8 oses a day, U.2 ml per dose, subcutane-

ously administered), 75 mg clopidogrel
per day for one month, and 300 mg ace-
tylsalicylic acid per day for life.

F: female, M: male, AVF: arteriovenous fistula, DFA: deep femoral artery, SFA: superficial femoral artery,
FV: femoral vein, PA: pseudoaneurysm, A: aneurysm, CIA: common iliac artery, R: right, L: left.
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The follow-up protocol included both
clinical examination and color Doppler
ultrasonography the day after the pro-
cedure, and at 1,3, 6, 9, and 12 months,
and then annually, unless the patient
had any complaints. Intravenous or in-
traarterial digital subtraction angiogra-
phy was performed in selected patients
who had complaints or positive color
Doppler ultrasonography findings.
The follow-up period was 1-50 months
(mean, 24 months).

Results

In all 17 cases, the stent-grafts were
deployed successfully. In iatrogenic
femoral fistulas, complete closure of
the fistulas was immediately accom-
plished in 9 of the 10 cases (Figure 1).
In one patient with leg edema, com-
plete closure could not be achieved
due to short stent-graft selection.
Nonetheless, the fact that the com-
plaint subsided was taken to indicate
clinical success. Blood flow within the
pseudoaneurysms of the axillary artery
and the popliteal artery (Figure 2), an-
eurysm of the iliac artery, and aneu-
rysms associated with atheroscleroic
obstructive disease in the iliac arteries
(Figure 3) ceased. In the patient with
traumatic femoral AVF, the fistula tract
between the superficial femoral artery
and vein was totally eliminated. How-
ever, complete closure of the fistula
could not be achieved due to multiple
deep femoral artery feeders. As the ma-
jor feeder of the fistula was eliminated,
the leg edema of the patient became
asymptomatic and the patient refused
further treatment. In the patient with
lumbar discectomy-induced iatrogenic
AVF between the common iliac artery
and vein, only partial closure could be
achieved due to short stent-graft selec-
tion. Young age and high bifurcation
of the internal iliac artery were the rea-
sons for short stent-graft selection in
this patient. As the complaints of the
patient did not subside, the fistula was
surgically eliminated later. This was
the only case with insufficient closure
of AVF in our patient population.

In patients with subsided complaints,
the mean follow-up period was 24
months, which included both clinical
examination and color Doppler ultra-
sonography. Color Doppler ultrasonog-
raphy revealed patency of the stented
segments. Luminal narrowing of not
more than 30%, due to intimal hyper-
plasia, was observed in four of the cath-

Figure 2. a-d. Selective antegrade injection into the superficial femoral artery shows

a pseudoaneurysm of the left popliteal artery in early (a) and late (b) arterial phases
(arrows, a and b). Note the arterial irregularity and narrowing due to the compression

of the pseudoaneurysm (arrowheads, a). c. Native X-ray shows the implanted stent-graft
(Wallgraft, 7 mm in diameter x 40 mm long). d. Angiogram obtained after insertion shows
the closure of the pseudoaneurysm. Note the smooth contours of the stented segment
(arrowheads).
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eterization-induced AVFs and they had
no symptoms in the follow-up period. In
the patient with traumatic axillary pseu-
doaneurysm, prominent intimal hyper-
plasia was observed at 5 month follow-
up, and PTA (percutaneous transluminal
angioplasty) was applied to overcome the
stenosis. The patient was asymptomatic,
with smooth contours of the stented seg-
ment at intravenous digital substraction
angiography at 50 month follow-up.

Discussion

The traditional treatment of peripher-
al arterial aneurysms, pseudoaneurysms,
AVFs, arterial ruptures, and perforations
is surgical intervention. However, en-
dovascular stent-graft placement is gain-
ing popularity as a therapeutic alternative
to open surgery (4-7). This procedure can
be done under local anesthesia, is well
tolerated by the patient, and is associ-
ated with a shorter hospitalization time
than that of surgery. Surgical complica-
tions such as hemorrhage and infection,
as well as the risk of general anesthesia,
can be avoided in endovascular treat-
ment. On the other hand, endovascular
therapeutic approaches have their own
complications such as stent occlusion,
stent deformation and kinking, the loss
of vessel branches after placement, and
intimal hyperplasia (4, 6, 10, 11).

Careful observation and ultrasonog-
raphy guided compression have been
suggested as first line therapies in the
management of post catheterization
femoral AVFs because of their nonin-
vasive nature (12-14). However, the
fact that these patients are all on anti-
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coagulation and antiplatelet regimens
for their coronary artery disease makes
the spontaneous closure, or successful
compression-obliteration of an iatro-
genic AVF less likely (13-15). Post-cath-
eterization femoral AVFs can originate
from the common, superficial, or deep
femoral arteries. Possible risk factors
that increase the likelihood of post-
cardiac catheterization AVF complica-
tions include distal puncture, older
age, female gender, and periprocedural
and post-procedural anticoagulation
and antiplatelet therapy. We believe
that distal puncture was the main
reason for the dominance of AVFs be-
tween the deep femoral artery and the
superficial femoral vein in our group of
patients. Reports related to pseudoan-
eurysms and AVFs after catheterization
also show that these complications are
highly associated with puncture sites
below the level of the femoral head
(13-15). The common femoral artery
is in close proximity to the posteriorly
located femoral head and the superior
pubic ramus. Posterior support is pro-
vided by these bony structures during
arterial compression in patients who
had a common femoral artery punc-
ture. However, the deep or superficial
femoral artery lacks this bony support,
and therefore hemostasis may be dif-
ficult to achieve during arterial com-
pression after catheter removal, if the
puncture site is distal to the common
femoral artery. In cases of low arterial
puncture, it is likely that the needle
first enters a branch of the superficial
femoral vein, which is located ventral

Figure 3. a, b.

a. Non-selective
angiogram reveals

a left common iliac
artery aneurysm
(arrow) associated
with atherosclerotic
plaques. b. Angiogram
obtained after
implantation of a
self-expandable
stent-graft shows
the obliteration of
the aneurysm and
smooth contours of
the stented segment
(arrowheads).

to the deep femoral artery. Subsequent
placement of the arterial sheath leads
to creation of the AVF (16-18). We
treated catheter-induced fistulas origi-
nating from the deep femoral artery.
Complete closure of the fistulas was
immediately accomplished in 9 of the
10 cases. In one case, complete closure
could not be obtained, but due to the
fact that the complaint subsided, it was
considered a clinical success.

In the treatment of atherosclerotic
disease in iliac arteries, some increas-
ingly favor the use of stent-grafts, with
reasonable one year primary patency
rates of 91%-97% (19-21). This treat-
ment, however, still remains questiona-
ble, since only limited data are available
on the benefits of using stent-grafts to
treat atherosclerotic disease. The follow-
up results after PTA or stenting in iliac
arteries are so favorable that the use of
a stent-graft is unlikely to improve pat-
ency rates. This is also true for complex
lesions, where bare stents have already
proven their efficacy (22). However,
metallic stents are usually appropri-
ate for focal, predominantly stenotic
arterial lesions and treatment of iliac
aneurysms associated with atheroscle-
rotic plaques requires implantation of
a stent-graft because of the need to re-
liably seal the entrance of the intramu-
ral channel. We successfully treated
three patients with iliac aneurysms as-
sociated with atherosclerotic plaques.

The use of subclavian venous cath-
eterization is the main reason for dam-
age to the subclavian artery at the access
site and the resulting pseudoaneurysm.

Endovascular treatment of peripheral vascular lesions with stent-grafts « 173



However, our case with subclavian ar-
tery pseudoaneurysm was due to pen-
etration trauma. Until recently, the
treatment of choice would have been
surgical intervention, because of the
non-compressible nature of the region
and its close proximity to intrathoracic
structures. There are now many reports
of endovascular treatment of subclavian
artery pseudoaneurysms in the litera-
ture (4, 23, 24). Endovascular treatment
with stent-grafts in the femoropopliteal
region has also been reported (11, 25).
Peripheral stent-grafts, either bal-
loon-expandable or self-expandable,
have their own advantages and disad-
vantages. Although balloon-expandable
stent-grafts provide accurate sizing and
localization, self-expanding stent-grafts
are preferred as the first choice due to
their flexibility and resistance to exter-
nal forces in superficial locations like
the groin. As we pointed out earlier, bal-
loon-expandable stent-grafts are prone
to collapse due to external forces. Sub-
stantial flexing may lead to an addi-
tional risk of compression or kinking.
Using the shortest stent-graft possible
is recommended to avoid these compli-
cations, as well as to reduce the risk of
involuntary closure of the side branches
(8, 26). We did not confront any col-
lapse or kinking in the follow-up period
in patients with iatrogenic femoral AVFs,
although we used balloon-expandable
stent-grafts, because the proximal deep
femoral artery is far enough away from
the hip joint and is sufficiently protect-
ed. Side branch occlusion, a potential
consequence of implantation of a stent-
graft in the deep femoral artery, was en-
countered in three of our patients, but
remained clinically asymptomatic.
Although elective vascular lesions
such as pseudoaneurysms and AVFs can
be treated either with surgery or an en-
dovascular approach, in emergency cas-
es time is limited. Therefore, iatrogenic
vascular injuries, such as perforations
due to catheterization and interven-
tional techniques, or traumatic injuries,
should be treated by the interventional
radiologist. This requires the availabil-
ity of peripheral stent-grafts in the angi-
ography units for urgent cases.
Stent-grafts could have disadvantages
for younger patients with long life ex-
pectancy, since the long-term conse-
quences of implanting stent-grafts are
not known for certain. Therefore, young

patients who are good candidates may
warrant surgery rather than stent im-
plantation, except in emergency cases.

In conclusion, our results suggest
that endovascular treatment with stent-
grafts is a low-risk procedure, which ap-
pears to be less invasive than surgery
for the treatment of various types of
peripheral vascular lesions.
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