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ascular surgery has evolved considerably over the past 100 years
from a specialty that offered patients only palliative procedures to
treat significant vascular diseases to a field centered on the diag-
nosis and correction of vascular disorders. Aortic and peripheral
artery :;meurysms were once medical problems rarely diagnosed and
frequently fatal. Diffuse, occlusive arterial disease secondary to ather-
osclerosis frequently resulted in limb gangrene or specific end-organ
ischemia. Modern vascular therapy has dramatically reduced the inci-
dence of primary limb amputations and significantly decreased the risk

of fatal complication of arterial aneurysm rupture.

Tandem efforts in vascular surgery
and interventional radiology have
resulted in a series of new develop-
ments to treat patients with Complica-
tions of advanced atherosclerosis. These
techniques frequently use minimally
invasive approaches in patients who
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have severe comorbid medical illnesses
that would contraindicate alternative
open surgeries. This chapter reviews
the development and applications of
endovascular stented grafts for the
treatment of arterial aneurysms, occlu-
sions, and traumatic injuries.
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INTRAVASCULAR STENTS

Intravascular stents are endoluminal
support devices that have been used for
the treatment of arterial occlusive dis-
case. They were first developed by
Charles Dotter in the late 1960s.! His
early work spawned the development of
a variety of intravascular stent designs.

Intravascular stents may be divided
into three basic types: balloon-expand-
able, self-expanding, and thermal-
expanding. Each of these designs has

unique advantages and limitations that
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ple rows of offset slots (arrows).

Figure 15. The balloon-expandable Palmaz stent is composed of a stainless steel tube that oontairis multi;

Figure 1b. The Gianturco wire stent is composed of a “Z"-shaped, bent wire that peits this dvice to

ultimately impact on their deliverabili-
ty, biocompatibility, and versatility
(Figure 1a, 1b).

The Palmaz balloon-expandable
stent has gained wide acceptance for
the treatment of iliac angioplasty fail-
ures and recurrent iliac stenoses where
excellent results have been achieved.?
The Palmaz stent is constructed of
stainless steel tubing that contains a
variable number of slots arranged in
offset rows. Inflation of a coaxially

laced balloon results in deformation
of the malleable steel stent construc-

collapse into a small-diameter introducer catheter (arrow). When discharged from the introducer sheath,

the stent exerts a considerable amount of radial force.
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tion, permitting the slot configuration
to change to a diamond-shaped orien-
tation that results in an increase in
stent diameter (Figure 1a). The newly
formed wire mesh structure embeds
into the wall of the artery, fixing the
stent in position.

Self-expanding stents include those
devices delivered to the site of disease
in a collapsed form within a small-
diameter introducer sheath. When
appropriate positioning has been con-
firmed by fluoroscopy, the stent is
released from the end of the catheter
and “springs” to its predetermined
size.

The Gianturco wire stent was first
used for malignant obstruction of the
vena cava.” This stent is composed of
stainless steel wire (0.45 mm in diame-
ter) bent in a zigzag pattern. Recently,
several other stents that appear to have
been designed with a construction simi-
lar to the Gianturco wire stent have
been developed that produce sufficient
radial force to secure the stent to the
artery wall.** When compressed, it
can be introduced through a Teflon®
catheter measuring 8 to 12 Fr. A coaxial
pusher device expels the stent out of
the catheter at the desired location.
Although attempts have been made to
use this device in the iliac and femoral
arteries, its use has been predominantly
limited to larger vessels such as the vena
cava. Currently, diameters between 15
and 40 mm are commercially available.
Later in the chapter, we review modi-
fied versions of this device that have
been used to fabricate stent grafts.

INTRAVASCULAR STENTED GRAFTS

Over the past five years, intravascu-
lar stents have gradually obtained accep-
tance for treating occlusive disease in
select arterial systems. Unfortunately,
currently available clinical stents are
extremely porous and are unsuitable for
treating other forms of arterial disease.
Arterial aneurysms, pseudoaneurysms,
and arteriovenous fistulas require
devices with the capacity to form a
watertight seal to treat the disorder.
An alternative approach blends intravas-
cular stent and prosthetic graft tech-
nologies to use the efficient “anchoring”
qualities of stents and the flexible
hemostatic sealing properties of vascu-
lar grafts. Such stent graft devices can
be used to treat arterial aneurysms,
occlusions, and traumatic vascular
injuries.
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Figure 2: Transfemoral endovascular stented graft aortic aneurysm repair.

A. B.

Figure 2a. An incision is made in the groin to expose the common femoral Figure 2b. A stented graft (A) is folded and placed inside a delivery catheter
artery. Blunt finger dissection is used to mobilize the vessel from beneath the (B) equipped with a hemostatic valve.

inguinal ligament (L). This allows downward traction on the external iliac

artery permitting vessel straightening.

Figure 2c. The entire system is inserted through an Figure 2d. After manual withdrawal of the sheath Figure 2e. A second stent is deployed to seal the
arteriotomy over a wire to a fluoroscopically con- (arrows), a halloon is inflated sealing the stent to lower end of the graft, excluding the aneurysm
firmed proximal attachment site (X). the arterial wall (large arrow). sac (S).
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Stented Grafts for Arterial
Aneurysms

The clinical significance of arterial
aneurysms was recognized over 2000
years ago. However, the advent of mod-
ern therapy for the treatment of aortic
and peripheral artery aneurysms began
as recently as the 1950s. The seminal
contributions of Dubost and colleagues
who advocated the use of aortic homo-
graphs to bridge the defect of aortic
aneurysms,® followed by the discovery
of Voorhees and colleagues of the use of
prosthetic vascular grafts marked the
beginning of modern aortic surgery.7
Similar techniques for aneurysm exclu-
sion and endoaneurysmorrhaphy
evolved for treating peripheral and aor-
tic aneurysms.

Improvements in surgical technique
and pre- and postoperative care of
patients with aortic aneurysms were
primarily responsible for a marked
reduction in the morbidity and mortali-
ty from this disease. However, prob-
lems in treating patients with large
aortic aneurysms and significant comor-
bid medical illnesses persist. The rein-
troduction of antiquated techniques
such as aneurysmal thrombosis and new
approaches to external aortic wrapping
were redescribed intermittently in the
literature, but it is generally believed
that they do not provide significant pro-
tection against the complications of aor-
tic rupture.® '

An important potential advance in
the management of aneurysmal disease
resulted from one of the first clinical

Figure 3: A Parodi

-type stented graft omposed of two balloon-expan

applications of endovascular stent graft-
ing to aortic aneurysms by Juan Parodi
and his colleagues in 1990."" The idea
of endovascular grafting was not new
and was first conceptualized by Charles
Dotter in the late 1960s.! Following
Dotter’s suggestion that such stent
grafts could be used for repairing
aneurysms and arteriovenous fistulas, a
number of experimental studies were
performed to evaluate the feasibility of
these techniques. ">

A stented graft is usually composed of
a device that uses a prosthetic graft
inserted through a remote site in the vas-
culature and fixed to the arterial wall by
means of an attachment device such as an
intravascular stent (Figure 2). Several
different grafts and stent combinations
were tested in the experimental setting;
however, one of the first clinically used
devices was a modified Palmaz stent and
Dacron® knitted graft (Figure 3)."" The
stent graft device is packaged inside an
introducer sheath equipped with a
hemostatic valve. The entire device is
inserted through a remote arteriotomy
in the femoral artery and advanced in a
retrograde fashion to the infrarenal
aorta. The location for the proximal and
distal portions of the stent graft device is
confirmed by fluoroscopy. After fixation
of the proximal and distal portions of the
prosthetic graft with their respective
stents, a completion arteriogram and
follow-up computerized tomography
scans confirm proper placement and
adequate exclusion of the aortic
aneurysm.

5

dable Palmaz stents sutured to the

ends of a crimped Dacron® vascular graft. The stainless steel tubular stent expands from a relatively
compact outer diameter (a) to an expanded form (b) after deployment.
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Using this technique, Dr. Parodi
reported his experience with more than
40 patients over a three-year period. A
technical success rate of greater than
95% was achieved in his experience. A
combined major and minor complica-
tion rate of 35% for this early series has
been reported, which seems acceptable
for the preliminary phases of the devel-
opment of a new technology.'®

These stent graft devices are not lim-
ited to aneurysms within the aorta. A
similar approach can be used for repair-
ing aneurysms in the popliteal and iliac
arteries. Successful exclusion of
aneurysms in these locations has been
demonstrated at the Montefiore
Medical Center in New York usin
polytetrafluoroethylene (PTFE) and
Dacron® grafts. In one instance, a
large, clot-filled popliteal artery
aneurysm was successfully excluded
using a 6-mm PTFE graft and two
Palmaz stents.'® The long-term results
of endovascular grafting for aortic and
peripheral artery aneurysms are as yet
unclear. Concern remains as to the fate
of the arterial tissue above and below
the aneurysm into which the fixation
stent has been embedded. Further
dilatation of these portions of the artery
may result in a dislodgment of the stent
graft device and migration. Thus far,
this problem has not been seen. In
addition, whether endovascular grafting
for the treatment of aortic aneurysms
will truly eliminate the risk of aneurys-
mal rupture will require a longer fol-
low-up period in more patients with
aneurysms of varying sizes.

Stented Graft Revascularization
for Arterial Occlusive Disease

Standard bypass procedures of the
aortoiliac and femoropopliteal arteries
have achieved excellent long-term
patencies and ultimate limb salvage.17
Varying approaches to aortoiliac and
femoropopliteal arteries, as well as the
availability of suitable prosthetic graft
materials, have allowed this therapy to
become the standard of care for exten-
sive arterial occlusive disease.

As noted earlier in this chapter, the
use of intravascular stents has become
important in treating aortoiliac occlu-
sive disease. A recent review of the
experience with the Palmaz balloon-
expandable stent in over 500 patients
demonstrated excellent results in
select patients.’8 These devices have
been used predominantly for treating
short-segment stenotic lesions within
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Figure 4: Schematic drawing of the technique of
endovascular stent graft repair for aortoiliac
occlusive disease. (With permission from: Marin
ML, Veith FJ, Cynamon J, et al. Transfemoral
endovascular stented graft treatment of aortoiliac
and femoropopliteal occlusive disease for limb sal-
vage. Am J Surg 1994; 168:156-62.)

-
1

Figure 4b. Angled directional catheters are used
; to guide a hydrophilic wire through the occluded

— artery into the patent cephalad vessel (arrow).
Figure 4c. Diffuse balloon angioplasty (b) usingan  Figure 4d. Stent grafts are inserted and  |deally, the wire will travel within the residual
over-the-wire technique will provide a dilated tract ~ deployed at an appropriate location as determined  Jumen of a stenotic artery, or within the intra-inti-
for insertion of the endovascular graft. by fluorescopic images. mal plane of an occluded vessel (x).

Figure 4e. The caudal end of the graft may then be endoluminally anastomosed to the outflow artery. The artery is then closed over the anastomeosis.
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Figure 5: Preoperative femoral arteriograms performed by a left transfermoral arterial puncture. (With permission from: Marin ML, Veith FJ, Cynamon J, et al.
Transfemoral endovascular stented graft treatment of aortoiliac and femoropopliteal occlusive disease for limb salvage. Am J Surg 1994; 168:156-62.)

Figuﬁe 5a. Diffuse aortoiliac dfsease is present that displayed a segmentally  Figure 5b. A tight stenosis of the deep femoral artery (arrow) and an occlusion
increasing pressure gradient of 80 mm Hg between the aorta (Ao) and the  of the superficial femoral artery with reconstitution of the above-knee popliteal
right common femoral artery (arrow). artery (open arrow) are present.

Figure 5d. Completion angiogram after insertion of

i - a superficial femoral to popliteal artery stented

Figure 5c¢. Following endoluminal insertion of a right aortoiliac stented graft, normal flow is restored to graft. The balloon-expandable stent attaches the

the right femoral artery. No pressure gradient between the aorta and common femoral artery could be graft to the above-knee popliteal artery (s = loca-
detected after graft insertion (s = location of endovascular stents). tion of stent).
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the common iliac artery. When more
extensive portions of the aortoiliac or
femoropopliteal vasculature are
involved, isolated stents have not been
effective and stented grafts have the
potential to have an important thera-
peutic role. To date, our experience
with stent grafts has concentrated pre-
dominantly on those patients who have
severe limb-threatening ischemia in the
presence of other significant comorbid
medical illnesses, making standard sur-
gical bypass procedures risky.

The use of stented grafts for treat-
ment of occlusive disease differs from
the techniques used for aneurysms by
the addition of an extra step involving
diffuse vessel dilation before endovas-
cular grafting. Grafts are created of
PTFE material sewn to Palmaz bal-
loon-expandable iliac stents. Occluded
vessels are traversed with select
recanalization wires, and the diseased
segment of the artery is angioplastied.
When the vessel has been dilated, a
stent graft is inserted from a remote
arteriotomy through the newly created
tract in the artery into normal proxi-
mal vessel. The intravascular stent is
used to fix the prosthetic graft to the
arterial wall, creating a new lining for
the diseased artery (Figures 4 and 5).
Early experience with this technique in
femoropopliteal arteries has been
described, with encouraging results.'”
21 At the Montefiore Medical Center,
we have successfully used stented
grafts to treat femoropopliteal and
aortoiliac occlusive disease. Technical
success was achieved in 96% of cases,
including endovascular grafts that orig-
inated from the aorta or the iliac arter-
ies.” Follow up to 16 months showed
excellent patency and limb salvage in
this preliminary series.

Arterial recoil after dilatation and
the possibility for atherosclerotic hyper-
plastic reaccumulation external to the
prosthetic grafts have not been
observed. Problems related to these
grafts in the follow-up period have been
infrequent, with the most common
concern related to progression of dis-
case in the outflow vessels. Long-term
follow up in a large series of patients
will be necessary before the expanded
use of this technoiogy. Advances in
both graft and stent technologies may
be expected to provide more suitable
materials for endovascular grafting that
will simplify insertion and help ensure

durability.
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Stented Graft Treatment of
Arterial Trauma

Civilian trauma has been increasing
steadily with a dramatic rise in hand-
gun-associated injuries. Penetrating
trauma to the vascular system from
these high-velocity missiles can lead to
the formation of arterial occlusions,
pseudoaneurysms, and arteriovenous
fistulas. The optimal management of
these vascular injuries has been
described in both wartime and civilian
trauma experiences.”””’ Significant
injuries demonstrating pulse deficits

and severe ischemia or expanding
hematomas and active hemorrhage
require urgent surgical exploration and
vascular repair. The direct surgical
repair of these injuries may be compli-
cated by several factors, including inac-
cessibility of the vascular lesion when
trauma occurs to central vessels. In
addition, false aneurysms and arteriove-
nous fistulas may distort local anatomy
and induce significant venous hyperten-
sion, thus increasing the challenge of a
standard surgical repair with consider-
able blood loss. If the patient remains

Figure 6. Endovascular covered stents for treating traumatic arterial injuries.
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Figure 6a. Dacron® graft material is used to completely cover a balloon-expandable stent.

Figure 6b. Polytetrafluoroethylene (PTFE) covered stent with two points of suture fixation.
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Figure 7. (With permission from: Marin ML, Veith FJ, Cynamon J, et al. Transfemoral endovascular stented graft
treatment of aortoiliac and femoropopliteal occlusive disease for limb salvage. Am J Surg 1994; 168:156-62.)

Figure 7a. Axillary-subclavian artery arteriogram of a patient with a large pseudoaneurysm (open rrow)
after a stab wound to the chest, resulting in a hemopneumothorax (arrow - chest tube).

Figure 7h. Following transluminal insertion of the stent graft device, the pseudoaneurysws repalred
and flow was restored.

Figure 7c. Schematic illustration of a stented graft (SG) repair of pseudoaneurysm (P).
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stable after the vascular trauma, an
alternative treatment may include
endovascular stented grafts to directly
repair the injured vessel from the luminal
surface. %82

Although the use of transluminally
placed stented grafts for treating trau-
matic arterial lesions was conceptual-
ized by Dotter in 1969, the first
clinical case was performed by Volodos
and colleagues in 1986 using a Dacron®
graft and self-expanding stent.’
Experimental and clinical experience
has shown that a wide range of devices
may be used for treating traumatic arte-
rial lesions.'>3! In their current design,
stented grafts for treating arterial trau-
ma are composed of a stent that has a
total external covering (Figure 6). The
composition of the external covering on
the stent (ie, PTFE, Dacron®) does not
appear to be critical to stent graft func-
tion in the treatment of traumatic
lesions.

At the Montefiore Medical Center,
we have used the Palmaz balloon-
expandable stent in conjunction with
thin-walled PTFE material to perform
arterial repair of pseudoaneurysms and
arteriovenous fistulas. The stents var-
ied between 2 to 3 cm in length and
were fixed inside 6-mm Gore-Tex®
grafts (W.L. Gore and Associates,
Flagstaff, AZ) by 2 “U” stitches. The
stent grafts were mounted on balloon
angioplasty catheters loaded into 12 Fr.
delivery systems.

Eight patients received eight stented
grafts to treat traumatic arterial
lesions.*?  All injuries were associated
with a surrounding pseudoaneurysm
(Figure 7). In two instances, the arteri-
al injury formed a fistula to an injured
adjacent vein. Stented graft patency
was 100% with no early or late occlu-
sions. Mean follow up was 12 months,
with a range of 4 to 18 months. One
patient with an axillary pseudo-
aneurysm required a vein patch to
repair the site of the arteriotomy. No
other early or late Complications were
encountered.

The binding of prosthetic graft and
intravascular stent technologies is rapid-
ly becoming an important part of vascu-
lar intervention for aneurysmal,
occlusive, and traumatic vascular
injuries. It is conceivable that the use of
this technology may not only result in
reduced operative morbidity and mor-




tality, but decreased operative blood
loss, hospital stay, and cost as well,
leading to improved patient care.
When additional experience with this
important new technique has been
obtained, randomized, prospective tri-
als comparing standard therapy to
endovascular grafting techniques will be
needed to substantiate this form of
therapy for the treatment of arterial
disease.

1.Dotter CT. Transluminally-placed coil-
spring endarterial tube grafts. Long-term
patency in canine popliteal artery. Invest
Radiol 1969; 4:329-32.

2.Palmaz JC, Garcia O], Schatz RA, et al.
Placement of balloon-expandable intraluminal
stents in iliac arteries. First 171 procedures.
Radiology 1990; 174:969-75.

3.Rosch J, Bedell JE, Putman ], et al.
Gianturco expandable wire stents in the treat-
ment of superior vena cava syndrome recur-
ring after maximum-tolerance radiation.
Cancer 1987; 60:1243-6.

4.Chuter TAM, Green RM, Ouriel K| et al.
Transfemoral endovascular aortic graft place-
ment. ] Vasc Surg 1993; 18:185-97.
5.Lazarus HM. Intraluminal graft device:
System and method. US Patent No.
4,787,899, 1988.
6.Dubost C, Allary M, Oeconomos N.
Resection of aneurysm of abdominal aorta:
Reestablishment of continuity by preserved
human arterial graft, with result after five
months. Arch Surg 1952; 64:405-8.
7.Voorhees AB Jr, Jaretzki A III, Blakemore
AH. The use of tubes constructed from viny-
on “N” cloth in bridging arterial defects.
Preliminary report. Ann Surg 1952;
135:332-8.

8.Blakemore AH. Progressive constrictive
occlusion of abdominal aorta with wiring and
electrothermic coagulation: One-stage opera-
tion for arteriosclerotic aneurysms of abdomi-
nal aorta. Ann Surg 1951; 133:447-62.

Cardiovascular Surgery

SURGICAL TECHNOLOGY INTERNATIONAL III

9.Robicsek F, Daugherty HK, Mullen DC.
External grafting of aortic aneurysms. ]
Thorac Cardiovasc Surg 1971; 61:131-4.
10.Berguer R, Schneider J, Wilner HL.
Induced thrombosis of inoperable abdominal
aortic aneurysm. Surgery 1978; 84:425-9.
11.Parodi JC, Palmaz JC, Barone HD.
Transfermoral intraluminal graft implantation
for abdominal aortic aneurysms. Ann Vasc
Surg 1991; 5:491-9.

12.Balko A, Piasecki GJ, Shah DM, et al.
Transfemoral placement of intraluminal
polyurethane prosthesis for abdominal aortic
aneurysm. | Surg Res 1986; 40:305-9.
13.Mirich D, Wright KC, Wallace S, et al.
Percutaneously placed endovascular grafts for
aortic aneurysms: Feasibility study.
Radiology 1989; 170:1033-7.

14.Laborde JC, Parodi JC, Clem MF, et al.
Intraluminal bypass of abdominal aortic
aneurysm: Feasibility study. Radiology 1992;
184:185-90.

15.Parodi JC, Barone HD, Schonholz C.
Transfemoral endovascular treatment of aor-
toiliac aneurysms and arteriovenous fistulas
with stented Dacron® grafts. In: Veith FJ, ed.
Current Critical Problems in Vascular Surgery, Vol
5, St. Louis, MO: Quality Medical
Publishing, Inc., 1993:264.

16.Marin ML, Veith FJ, Panetta TF, et al.
Transfemoral endoluminal stented graft repair
of a popliteal artery aneurysm. ] Vasc Surg
1994; 19:754-7.

17.Veith F], Gupta SK, Wengerter KR, et al.
Changing arteriosclerotic disease patterns and
management strategies in lower-limb-threat-
ening ischemia. Ann Surg 1990; 212:402-14.
18.Palmaz JC, Laborde JC, Rivera FJ, et al.
Stenting of the iliac arteries with the Palmaz
stent: Experience from a multicenter trial.
Cardiovasc Intervent Radiol 1992; 15:291-7.
19.Cragg AH, Dake MD. Percutaneous
femoropopliteal grafting: Report of a new
technique. ] Vasc Interv Radiol 1993; 4:64-5.
20.Marin ML, Veith FJ, Panetta TF, et al.
Transfemoral stented graft treatment of
occlusive arterial disease for limb salvage: A
preliminary report. Circulation 1993;
88(4):I-11 (abstract).

21.Marin ML, Veith F], Cynamon ], et al.

Transfemoral endovascular stented graft treat-
ment of aortoiliac and femoropopliteal occlu-
sive disease for limb salvage. Am ] Surg
1994, 168:156-62.

22.Drapanas T, Hewitt RL, Weichert RF, et
al. Civilian vascular injuries: A critical
appraisal of three decades of management.
Ann Surg 1970; 172:351-60.

23 Burnett HF, Parnell CL, Williams GD, et
al. Peripheral arterial injuries: A reassess-
ment. Ann Surg 1976; 183:701-9.

24 Perry MO, Thal ER, Shires GT.
Management of arterial injuries. Ann Surg
1971; 173:403-8.

25.Feliciano DV, Bitondo CG, Mattox KL, et
al. Civilian trauma in the 1980s. A 1-year
experience with 456 vascular and cardiac
injuries. Ann Surg 1984; 199:717-24.
26.Jahnke EJ Jr, Seeley SF: Acute vascular
injuries in the Korean war: An analysis of 77
consecutive cases. Ann Surg 1953; 138:158-
77.

27.Rich NM, Spencer FC (eds). Vascular
Trauma, Philadelphia: WB Saunders Co,
1978.

28.Marin ML, Veith F], Panetta TF, et al.
Percutaneous transfemoral insertion of a
stented graft to repair a traumatic femoral
arteriovenous fistula. ] Vasc Surg 1993;
18:299-302.

29.May ], White G, Waugh R, et al.
Transluminal placement of a prosthetic graft-
stent device for treatment of subclavian artery
aneurysm. ] Vasc Surg 1993; 18:1056-9.
30.Volodos NL, Karpovich IP, Troyan VI, et
al. Clinical experience of the use of self-fix-
ing synthetic prosthesis for remote endopros-
thetics of the thoracic and the abdominal aorta
and iliac arteries through the femoral artery
and as intraoperative endoprosthesis for aorta
reconstruction. Vasa Suppl 1991; 33:93-5.
31.Rivera FJ, Palmaz JC, Encarnacion CE, et
al. Aneurysm and pseudoaneurysm balloon
expandable stent/graft bypass: Clinical expe-
rience. ] Vasc Interv Radiol 1994; 5:19
(Abstract).

32.Marin ML, Veith F], Panetta TF, et al.
Transluminally placed endovascular stented
graft repair for arterial trauma. ] Vasc Surg
(In Press), 1994.

429



