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SUMMARY

Endovascular aortic/aneurysm repair (EVAR) was introduced into clinical practice at the beginning of the
nineties. Its fast development had a great influence on clinicians, vascular surgeons and interventional
radiologists, educational curriculums, patients, industry and medical insurance. The aim of this paper is to
present the contribution of clinicians and industry to the development and advancement of endovascular
aortic repair over the last 20 years. This review article presents the development of EVAR by focusing
on the contribution of physicians, surgeons and interventional radiologists in the creation of the new
field of vascular surgery termed hybrid vascular surgery, and also the contribution of technological
advancement by a significant help of industrial representatives — engineers and their counselors. This
article also analyzes studies conducted in order to compare the successfulness of EVAR with up-to-now
applied open surgical repair of aortic aneurysms, and some treatment techniques of other aortic diseases.
During the first two decades of its development the EVAR method was rapidly progressing and was
adopted concurrently with the expansion of technology. Owing to large randomized studies, early and
long-term results indicate specific complications of this method, thus influencing further technological
improvement and defining risk patients groups in whom the use of the technique should be avoided.
Good results are insured only in centers, specialized in vascular surgery, which have on their disposal
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adequate conditions for solving all complications associated with this method.
Keywords: aortic aneurysm; endovascular treatment; hybrid procedures; development process

INTRODUCTION

Aortic aneurysms with increasing diameter are
at risk of rupture. Since 1950 rupture preven-
tion has been achieved by synthetic graft re-
placement of the patient’s aortic segment. Since
1991 minimal invasive (endovascular) treat-
ment has brought revolution in the treatment of
aortic aneuyrismal disease. Introduction of this
method into everyday practice was supported
by good early results, and tempted with the fact
that by using this technique thoracotomy and
laparotomy can be avoided. Evidence-based
results were continuously preventing overuse
of this method while waiting for long term out-
come. Fast technical development and perma-
nent improvement of this method, on the other
side, made trial results interpretation more
complicated, sometimes providing excuses for
bad results and at the same time explanations
for good ones. Recently, after reported results of
these trials, the European Society for Vascular
Surgery has published guidelines for the treat-
ment of abdominal aortic aneurysm [1].

PROCEDURE

Abdominal aortic aneurysm exclusion with the
implantation of the stent graft under fluorosco-
py has been performed for the first time in 1991
by Juan Parodi, Argentinean vascular surgeon
[2]. A few years before Nikolai Volodos had per-

formed the first implantation of the stent graft in
the thoracic aorta [3]. Endovascular treatment
of different aortic pathology has been used in
routine practice in Serbia since 2007. Since then
more than 200 procedures were performed in
the main Serbian clinics dedicated to the treat-
ment of different aortic disorders. Some of expe-
riences in this field have been already published
by authors of this manuscript [4-10]. The stent
graft is a syntethic blood vessel made of stainless
steel or nitinol (metal alloy of nickel and tita-
nium) for the internal armature, while synthetic
material made of Dacron or PTFE is used for
coverage of this armature. With this construc-
tion, when implanted inside the aneurysm, the
stent graft provides its isolation from the sys-
temic blood pressure as well as rupture preven-
tion. The procedure can be performed under
general, regional or local anesthesia, and de-
mands placement of the sheaths into the femo-
ral artery (common femoral artery is opened by
groin cut down or through percutaneous punc-
ture), followed by the introduction of the wires
that serve as a carrier of the stent graft delivery
system. When the delivery system is positioned
in the area of the aneurysm neck, angiography
is performed to mark and deploy precisely the
upper limit of the stent graft and the position
of the most distal vital aortic branch (renal ar-
teries in case of abdominal aortic aneurysm or
left subclavian artery in case of thoracic aortic
aneurysm). The stent graft is then released from
the delivery system and placed across the aortic
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aneurysm, always fixed on the healthy aortic wall proxi-
mally and distally from the aneurysm.

INDICATIONS

This method has already been accepted worldwide and
the quantity of its usage mostly depends on the random-
ized trial results, economical situation of the country and
educational level of the practitioners. Nevertheless, while
longer and longer term results are to be defined, the endo-
vascular repair is mostly reserved for the patients that are
at high risk in open surgical treatment, having anatomical
features suitable for this procedure. While the given nec-
essary anatomical conditions are changing with improve-
ment of technology, the high risk criteria in open surgical
treatment are estimated by different scales and according
to different risk factors. In general, there are two groups
of factors which increase the risk of open repair, requiring
alternative method of treatment - promoting endovascular
repair as the method of choice.

The first group involves conditions precluding safe aortic
cross clamping or surgery in general anesthesia with signifi-
cant blood loss. Those factors are met in patients with severe
cardio-respiratory co-morbid conditions, which, before en-
dovascular era, would have been rejected from open surgery
and left to the natural history of the disease - final rupture.
Renal failure significantly increases the risk of open surgical
repair, however nephrotoxic contrast usage has to be mini-
mized during endovascular treatment and thus make treat-
ment risks acceptable. Much less frequently seen are factors
such as hemorrhagic diathesis that makes performance of
surgery more difficult, or neurological disorders that impede
recovery. Patients older than 75 years are always at higher
risk of open surgery regardless of co-morbid conditions.

The second group involves risk factors that hinder ap-
proach to the aneurysm (previous procedure in abdominal
cavity, retroperiteneum or thorax). The level of limitations
for open surgery in these cases also depends of the op-
erators experience, however if there is an additional con-
comitant risk factor from the first group, endovascular
treatment is a preferable treatment option. In the West-
ern countries and North America patients preference or
insurance company ,advice“ play a significant role in the
process of choosing treatment option.

LIMITS

The process of safe implantation and fixation of the stent
graft requires that some conditions are satisfied. Those
conditions are related to the proximal and distal landing
zone in terms of diameter, length and angulations. The
aortic segment where the stent graft is fixed serves to
secure fixation of the stent graft at the desired location.
This segment is located proximally and distally from the
aneurysm and is called the “landing zone” (LZ). On the
other side, the quality of the iliac and femoral arteries as
an access vessels need to be assessed concerning tortuos-

ity, calcification and diameter in order to allow passage of
the sheath and delivery system. In reality, it means that
the endovascular procedure is not possible if the proximal
and distal LZ are short, angulated or both, and if iliac and
femoral arteries are too tortuous, calcified or of the lower
diameter than the outer diameter of the delivery system.

Although this method has brought new revolution to
the treatment of aneurysms, since the beginning it faced
these limits and deficiencies that are continually being
overcome by clinicians on one side and engineers on
the other. For the last twenty years three generations of
the stent grafts conquered multiple shortcomings of this
method, while at the same time vascular surgeons created
a new hybrid - vascular surgery in order to increase the
number of treatable patients.

CONTRIBUTION OF CLINICIANS

Fixation of the stent graft is provided by radial force of the
stent that is oversized to the diameter of the aorta for 10-20%,
and by the length of the LZ that should be 15 mm for the
abdominal and 20 mm for the thoracic aorta. Angulations of
LZ of 75% and more could preclude fixation as well. Hybrid
procedures have been developed in order to overcome these
limitations and increase the number of treatable patients.
A common border of the proximal LZ is usually at the
level of the origin of the left subclavian artery (LSA) for the
thoracic aorta, and at the level of the origin of most distal
renal artery (DRA) in case of abdominal aortic aneurysm.
A significant number of aneurysms start at the level or even
more proximally from the origin of the LSA and DRA. A
short LZ in the area of the origin of LSA could be overcome
by simple covering of the origin of this artery. This maneu-
ver could be complicated, not only by upper limb ischemia,
but also with stroke and spinal ischemia [11, 12]. Predictors
of stroke after covering the LSA are occlusive disease of the
carotid or right vertebral artery, dominant left vertebral artery
or existence of its origin directly from the aortic arch. Pa-
tients are more susceptible to the development of spinal core
ischemia when covering more than 250 mm of the length of
the thoracic aorta, in case of previous reconstruction of the
abdominal aorta or in case of occlusion of lumbal and hypo-
gastric arteries. All these complications can be prevented by
revascularization of the LSA with its transposition into the
left carotid or by a carotido-subclavian bypass (Figure 1). A
recent meta-analysis has shown that these procedures do not
prevent stroke; the incidence of spinal cord ischemia could
be reduced by revascularization of the left subclavian artery
[13]. Regardless of these facts, the decision to perform revas-
cularization of the LSA is left to the preference of the surgeon.
The problem is weightier when aneurysm is located
more proximally close to the origin of the left common
carotid artery. Implantation of the stent graft is pos-
sible only with previous extraanatomic reconstruction
(carotido-carotid and carotid-LSA bypass), or even if the
aneurysm is proximal; anatomical reconstruction of su-
praaortic branches is necessary in order to exclude this
aneurysm with the stent graft (Figure 2). These procedures
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called “debranching” make possible the treatment of the
aneurysm of the aortic arch in patients at risk for open
treatment. However, these procedures are followed by a
significant number of fatal or non-fatal complications [14].
When the aortic (thoracic or abdominal) aneurysm is
close to the origin of visceral branches, implantation of
the endovascular stent graft could compromise flow in
this vascular bed. In order to provide visceral perfusion,
besides exclusion of the aneurysm, previous visceral deb-
ranching procedure is performed; hepato-renal, spleno-
renal, iliaco-hepato, splenorenal bypass, or any other kind
of visceral revascularization with inflow from the healthy
aorta or iliac arteries (Figure 3) [15]. This type of pro-
cedures are reserved for patients that are at high risk for
open repair, or in symptomatic patients when waiting for
the custom made graft is impossible, so the indications for
these complicated and cumbersome procedures demand-
ing suture of fifteen different anastomoses are narrow [16].
If the celiac trunk is the only branch involving the aortic
aneurysm or the LZ, some authors suggest its covering, but
it is advisable to perform angiography probe before [17].
Finally, hypogastric arteries are not so frequently remote
from the aortoiliac aneurysms, and in order to perform
a safe graft fixation they had to be covered. While some
authors advocate that this is a safe maneuver even when
bilateral, others would rather try to provide vascularization
in order to prevent colon ischemia, gluteal skin necrosis

Figure 1. Control angiography after thoracic stent graft implantation
and carotid-subclavian bypass (arrow)
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or buttock claudication. Bypass or transposition of the hy-
pogastric artery can be performed at least unilaterally to
provide a minimum pelvic and buttock blood supply after
extensive aneurysm exclusion with the stent graft [18].
The delivery system is to be placed through the femoral
and iliac vessels that could be stenotic, occluded or hypo-
plastic, particularly in young adults and women. When
luminal diameter of the femoral or iliac vessels is smaller

Figure 2. Four-arm Dacron graft sutured proximally for ascending
aorta and distally in all supraaortic branches

, ol ‘ i

Figure 3. A. Reconstruction of aortoiliac segment and revascularization
of all visceral branches as preparation for stent graft implantation
covering the visceral segment of the abdominal aorta. B. Control MSCT
after stent graft implantation



Srp Arh Celok Lek. 2012 Nov-Dec;140(11-12):792-799

than outer diameter of the delivery system, implantation
of the stent graft is possible with additional construction
of iliac conduit made of the 10 mm synthetic graft sutured
to the healthy iliac vessel or distal aorta. After delivering
the stent graft this conduit can be oversewn at its origin, or
anastomosed with the ipsilateral femoral artery (Figure 4).

If some of the branches are to be covered accidentally, one
of the resolutions for this potentially severe complication is
implantation of the stent (bare or covered) in this branch
next to the stent graft. Positive results after treatment of this

Figure 4. A 10 mm Dacron graft sutured to common iliac artery, pla-
ced under inguinal ligament into the groin to provide passage of the
delivery system through stenotic iliac segment.

Figure 5. Proximal segment of abdominal stent graft with bare stent
and anchoring barbs improving proximal fixation

complication have enforced clinicians to perform this proce-
dure in elective manner. It was performed for the first time
in a case of AAA in 2003, and in a case of THAA in 2005,
while in 2008 M. Malina named it the “Chimney” technique
[18, 19, 20]. Since then this method has been accepted more
widely gaining its supporters and opponents [21].

CONTRIBUTION OF THE INDUSTRY

While vascular surgeons and interventionalists were fight-
ing with the limits of the endovascular aneurysm therapy;,
representatives of the industry were developing newer
generations of stent graft devices requiring fewer limita-
tions and conditions, increasing the number of treatable
patients. We are describing some of the improvements.
Proximal fixation has been improved by constructing a
most proximal bare stent that can be placed over renal ar-
teries, the so-called suprarenal fixation, what was later ap-
plied in thoracic stent grafts as well [22]. Additional hooks
or anchoring barbs in the proximal end of the stent graft
allowed treatment of patients with shorter and angulated
necks (Figure 5). Other company provided stent graft with
anchoring barbs and conical shaped proximal ring adapt-
ing its concavity to the origin of the renal arteries (Figure
6). Improvement of proximal fixation allocated treatment
of complicated cases, and dividing the stents provided bet-
ter adaptation on these curvatures, especially at the level of
iliac arteries, decreasing limb thrombosis rate (Figure 7).

Figure 6. Stent graft with proximal conical ring providing suprarenal
fixation in 2/3 of circumference

Figure 7. Stent graft with segment iliac limbs improving adaptation
in elongated iliac arteries
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Increased flexibility of the delivery system contributed
to the treatment of patients with a tortuous, stenotic or hy-
poplastic ilio-femoral segment. A new deployment system
with a top cap and constraining strings allows segmental
deployment with repositioning of the stent graft when
needed, which is important in angulated and short ab-
dominal aortic necks, as well as in the great diameter aorta.

Some diseases of the thoracic aorta (penetrating aortic
ulcer, aortic dissection and traumatic lesions) and some
anatomical features of the aortic arch and descendent aorta
demand some corrections and pathology specific improve-
ments of the thoracic stent grafts. Absence of the proximal
bare stent decreases injury of the fragile dissected aorta,
increases flexibility and conformability of the stent graft
in the aortic arch, while longitudinal bars provide bet-
ter columnar strength in this position. Short stent grafts
and small diameter stent grafts have been constructed
for traumatic aortic injuries, while stent graft with distal
bare stent construction keep the true lumen patent when
acute aortic dissection is treated. All of these corrections
and innovations have significantly improved results in the
treatment of acute and chronic specific thoracic aortic
pathology [23].

One step beyond has been made with construction of
the fenestrated stent grafts. Scallops and fenestras are con-
structed to keep visceral branches patent for the abdominal
aneurysms with short proximal and thoracic aortic pathol-
ogy and a short distal LZ. For visceral branches originating
from the aneurysm sac a stent graft with branches have
been constructed [24]. By using fenestrated or branched
stent grafts the necessity for complicated reconstruction
of the visceral arteries could be avoided. However the us-
age of these stent grafts is also precluded in some cases
depending on the position and diameter of the visceral
branches and the distance between each other, aortic and
lumen diameter. The same technology of the branched
stent graft has been used to prevent exclusion of the hy-
pogastric arteries [25]. All this represents a great contri-
bution of the industry to increase the number of treatable
patients, and in the treatment of increasingly complicated
abdominal and thoracoabdominal aneurysms, but there
are still some progressions to come. The process of implan-
tation is cumbersome even to the most skilled surgeons.
The process of production is complex and time consuming
(4-6 weeks) preventing treatment of urgent and emergent
cases, while price is higher comparing to the regular stent
grafts. This technology is not as convenient for aortic arch
aneurysms as it is for thoracoabdominal, because of the
unique characteristics of the brain vascularization, how-
ever there is a progress in the creation of solution for this
complex problem as well [26, 27, 28].

If one of the iliaco femoral sides is unapproachable or
unusable due to occlusion or severe stenosis, it is possible
to implant the aorto-uni graft that covers aorta from renal
to other healthy and patent iliac artery, while blood supply
for the other limb is provided by a femoro-femoral “cross
over” bypass (Figure 8).

Another issue is accurate measurement and planning
of endovascular procedure. Tortuousities that are physi-

Koncar I. et al. Endovascular Aortic Repair: First Twenty Years

Figure 8. Control MSCT after aorto-uniiliac stent graft implantation
and femoro-femoral cross over bypass

ological in the segment of the aortic arch and iliac arteries
can be encountered in some other areas as well. Axial cross
sections on the MSCT in these segments are unable to pro-
vide accurate diameter and length of this sector. For these
purposes dedicated software has been created. Its purpose
is to allow the clinician to create his own central aortic
line and to stretch the aorta through this line providing
an orthogonal section related to this line and not to the
bogy surface area. With this technique, showed in Figure
9, diameter and length measurements are more accurate
especially in elongated segments. Neck length estimation
and procedure planning are most valuable.



Srp Arh Celok Lek. 2012 Nov-Dec;140(11-12):792-799

Figure 9. A. Streched thoracoabdominal aneurysm with central line
analysed with working station "Trimensio". B. Measuring the distance
between different aortic segments.

RESULTS FROM TRIALS

In order to compare endovascular repair of AAA three
randomized control trials were organized in Europe,
Great Britain and United States, while some data “from
the field” could be taken from registers like EUROSTAR
in Europe and MEDICARE in the United States. Among
randomized trials are EVAR 1 and 2 (Endovascular Aneu-
rysm Repair Trial 1 and 2), DREAM (Dutch Randomized
Endovascular Aneurysm Repair) and OVER study (Open
Versus Endovascular Aneurysm Repair) [29-34]. Results
of these studies are correlating with early results being in
favor of endovascular repair in terms of mortality, mor-
bidity, length of hospitalization and rate of intra-operative
blood loss. However, during follow-up, this advantage of
endovascular repair is diminishing after second to forth
year in all three studies. In the EVAR 1 study this differ-
ence was compensated due to the late death related to
the implanted stent graft, while in other studies there is
no difference in the cause of mortality. Late reinterven-
tion rate was higher after endovascular procedure in all
three studies. Data from the Medicare database showed
no difference in terms of reintervention rate comparing
the two procedures. Study following the cause of death
after aortic repair showed no difference between open
and endo-repair in 13,971 patients with frequency of 0.3%
aneurysm related deaths in both groups [35]. High rate of
reinterventions could be related to the first undeveloped
generation of stent grafts, measurement (in) accuracy and
implantation related experience and the learning curve.

Additionally, reintervention rate could be the conse-
quence of therapeutic over-activity of the practitioners
included in the study since about 30% of reinterventions
are due to endoleak type II

These large studies evaluated cost effectiveness as well.
Although endovascular procedures are less cost-effective,
these studies are lacking complete costs analysis. Both
procedures are bearing long term costs that are difficult
to follow, estimate and count, like cardiac and renal in-
sufficiency after open repair or costs of follow-up and
reinterventions after endovascular procedure, meaning
that new studies are needed to compare these two meth-
ods in terms of cost effectiveness on a long term basis. In
the meantime clinicians are going to use both methods
according to the latest results, their skills and advantages
of newer generation of stent grafts that are hopefully go-
ing to be cheaper.

The latest publications are showing first long term
results of fenestrated and branched stent grafts in the
treatment of juxtarenal and thoracoabdominal aortic
aneurysms [36]. Although these results are very affirma-
tive, they represent good possibilities of new technology,
however these results are owned by few best high volume
European centers, and real life results are still about to
come [37]. However, a French multicentric study presents
mortality of 3% in 16 university centers. The price of the
fenestrated and branched stent graft is important fact as
well, and delivery time is also of value (4-6 weeks).

In case of thoracic aneurysms, avoiding thoracotomy,
aortic cross clamping and extra corporal circulation thus
reducing blood loss are obvious advantages that are fa-
voring endovascular versus open repair and reducing
paraplegia, mortality and morbidity rate. Hospitalization
length and intensive care unit stay are significantly lower,
while graft infection rate is still unchanged, 1-3%, with
mortality of 50-100% [38-41]. Still, some pathological fea-
tures of the descendent thoracic aorta and aortic arch are
making them prone to different diseases, like dissection,
dissected aneurysm, traumatic rupture and penetrated
aortic ulcers, while anatomy of the aortic arch is some-
times making serious limits to endovascular repair. New
decade of endovascular therapy will bring us resolution
for these limitations.

CONCLUSION

During the first two decades the endovascular procedure
has rapidly evolved and technology has been significantly
improved, while its results are becoming known, differ-
ent complications and risk factors are becoming better de-
fined. The evolution of this technique has changed planes
of education of young surgeons and its adoption should
be modified at the level of initial years of surgeons’ educa-
tion. Good results are about to come only in high volume
centers that are capable of resolving all possible complica-
tions. Current limits are hopefully going to be overcome
by technological development, decreasing complication
rate and costs.

797



798

REFERENCES

20.

21.

Management of Abdominal Aortic Aneurysms Clinical

Practice Guidelines of the European Society for Vascular and
Endovascular Surgery. 2011; 41(Suppl 1):51-58.

Parodi JC, Palmaz JC, Barone HD. Transfemoral intraluminal graft
implantation for abdominal aortic aneurysms. Ann Vasc Surg.
1991; 5:491-5.

Volodos NL, Karpovich IP, Troyan VI, Kalashnikova YuV,
Shekhanin VE, Ternyuk NE, et al. Clinical experience of the use of
self-fixing synthetic prostheses for remote endoprosthetics 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.

Davidovi¢ L, Coli¢ M, Konéar |, Markovi¢ D, Kosti¢ D, Cinaral |,
et.al. Endovascular repair of aortic aneurysm - preliminary
results. Srp Arh Celok Lek. 2009; 137(1-2):10-7.

Konéar |, Coli¢ M., Vjestica M, Cveti¢ V, Davidovi¢ L. Tratamiento
hibrido de aneurisma adrtico toracoabdominal. Presentacién de
un caso clinico. Técnicas Endovasculares. 2009; 12:2963-70.
Konéar |, Coli¢ M, Davidovi¢ L, Sindjeli¢ R, Ili¢ N, Draga$ M.
Ruptured thoracoabdominal aneurysm with aortocaval fistula,
aortic dissection type Ill, and bilateral femoral aneurysms in
patient with Marfan syndrome. Am Surg. 2010; 76(6):657-9.

Ili¢ N, Koncar |, Dragas M, Banzi¢ |, Davidovic¢ L. Endoleak Type
II: deceitful predictor of delayed paraplegia. Ann Thorac Surg.
2011;91(3):984-5.

Ili¢ N, Davidovi¢ L, Koncar |, Kosti¢ D, Dragas M, Markovi¢ M.
Penetrating aortic ulcer associated with juxtarenal aortic
occlusion. Am Surg. 2010; 76(8):909-11.

Ili¢ N, Koncar |, Banzic¢ |, Dragas M, Kosti¢ D, Markovi¢ M, et

al. An idea for construction of a new modification of thoracic
endograft for treatment of delayed paraplegia. J Thoracic
Cardiovasc Surg. 2011; 141(2):604-6.

. Konéar IB, Markovi¢ M, Coli¢ M, lli¢ N, Draga$ M, Davidovi¢

LB. Endovascular treatment of bilateral isolated iliac artery
aneurysm with a kissing stent graft. Am Surg. 2010; 76(11):203-
5

. Farber MA, Criado FJ. Endovascular repair of nontraumatic

ruptured thoracic aortic pathologies. Ann Vasc Surg. 2005;
19:167-71.

. Peterson BG, Eskandari MK, Gleason TG, Morasch MD. Utility

of left subclavian artery revascularization in association
with endoluminal repair of acute and chronic thoracic aortic
pathology. J Vasc Surg. 2006; 43:433-9.

. Cooper DG, Walsh SR, Sadat U, Noorani A, Hayes P, Boyle JR.

Neurological complications after left subclavian artery coverage
during thoracic endovascular aortic repair: a systematic review
and meta-analysis. J Vasc Surg. 2009; 49:1594-601.

. Antoniou GA, Sakka KE, Hamady MB, Wolfe JHN. Hybrid

treatment of complex aortic Arch disease with supra-aortic
debranching and endovascular stent graft repair. Eur J Vasc
Endovasc Surg. 2010; 39:683-90.

. Drinkwater SL, Bockler D, Eckstein H, Cheshire NJW, Kotelis D,

Wolf O, et al. The visceral hybrid repair of thoraco-abdominal
aortic aneurysms: a collaborative approach. Eur J Vasc Endovasc
Surg. 2009; 38:578-85.

. Libicher M, Reichert V, Aleksic M, Brunkwall J,. Lackner KJ,

Gawenda M. Balloon occlusion of the celiac artery: a test for
evaluation of collateral circulation prior endovascular coverage.
Eur J Vasc Endovasc Surg. 2008; 36:303-5.

. Lee WA, Berceli SA, Huber TS, Seeger JM. A technique for

combined hypogastric artery bypass and endovascular repair of
complex aortoiliac aneurysms. J Vasc Surg. 2002; 35:1289-91.

. Greenberg RK, Clair D, Srivastava S, Bhandari G, Turc A, Hampton

J, et al. Should patients with challenging anatomy be offered
endovascular aneurysm repair. J Vasc Surg. 2003; 38:990-6.

. LarzonT, Gruber G, Friberg O, Geijer G, Norgren |. Experiences of

intentional carotid stenting in endovascular repair of aortic arch
aneurysms — two case reports. Eur J Vasc Endovasc Surg. 2005;
30:147-51.

Criado FJ. Chimney stent grafts and bare stents: aortic branch
preservation revisited. J Endovasc Ther. 2007; 14(6):823-4.
Ohrlander T, Sonesson B, lvancev K, Resch T, Dias N, Malina M.
The chimney graft a technique for preserving or rescuing aortic
branch vessel in stent graft sealing zones. J Endovasc Ther. 2008;
15(4):427-32.

‘ doi: 10.2298/SARH1212792K

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

Koncar I. et al. Endovascular Aortic Repair: First Twenty Years

England A, Butterfield JS, Ashleigh RJ. Incidence and effect of
bare suprarenal stent struts crossing renal ostia following EVAR.
Eur J Vasc Endovasc Surg. 2006; 32:523-8.

Suto Y, Yasuda K, Shiiya N, Marashita T, Kawasaki M, Imamura

M, et al. Stented elephant trunk procedure for an extensive
aneurysm involving distal aortic arch and descending aorta. J
Thorac Cardiovasc Surg. 1996; 112(5):1389-90.

Nordon IM, Loftus IM, Thomson MM. Modern treatment of
juxtarenal abdominal aortic aneurysms with fenestrated
endografting and open repair a systematic review. Eur J Vasc
Endovasc Surg. 2009; 38:35-41.

Verzini F, Parlani G, Romano L, Rango P, Panuccio G, Cao

P. Endovascular treatment of iliac aneurysm: Concurrent
comparison of side branch endograft versus hypogastric
exclusion. J Vasc Surg. 2009; 49:1154-61.

Inoue K, Hosokawa H, Iwase T, Sato M, Yoshida Y, Ueno K, et al.
Aortic arch reconstruction by transluminally placed endovascular
branched stent graft. Circulation. 1999; 100(Suppl 19):11316-21.
Sonesson B, Resch T, Allers M, Malina M. Endovascular total arch
replacement by in situ stent graft fenestration technique. J Vasc
Surg. 2009; 49:1589-91.

Criado FJ, Barnatan MF, Rizk Y, Clark NS, Wang CF. Technical
strategies to expand stent graft applicability in aortic arch and
proximal descending thoracic aorta. J Endovasc Ther. 2002; 9
(Suppl 1):1132-8.

United Kingdom EVAR Trial Investigators, Greenhalgh RM,
Brown LC, Powell JT, Thompson SG, Epstein D, Sculpher MJ.
Endovascular versus open repair of abdominal aortic aneurysm.
N Engl J Med. 2010; 362(20):1863-71.

United Kingdom EVAR Trial Investigators, Greenhalgh RM,
Brown LC, Powell JT, Thompson SG, Epstein D. Endovascular
repair of aortic aneurysm in patients physically ineligible for
open repair. N Engl J Med. 2010; 362(20):1872-80.

McCulloch P, Altman DG, Campbell WB, Flum DR, Glasziou P,
Marshall JC, et al. No surgical innovation without evaluation: the
IDEAL recommendations. Lancet. 2009; 374(9695):1105-12.
Brown LC, Greenhalgh RM, Powell JT, Thompson SG, on behalf
of the UK EVAR Trial Participants. Use of baseline factors to
predict complications and re-interventions after endovascular
aneurysm repair for abdominal aortic aneurysm. Br J Surg. 2010;
97(8):1207-17.

De Bruin JL, Baas AF, Buth J, Prinssen M, Verhoeven EL, Cuypers
PW, et al. Long-term outcome of open or endovascular repair of
abdominal aortic aneurysm. N Engl J Med. 2010; 362(20):1881-9.
OVER Trial participants. Outcomes following endovascular vs.
open repair of abdominal aortic aneurysm. A randomized trial.
JAMA. 2009; 302(14):1535-42.

Goodney PP, Tavris D, Lucas FL, Gross T, Fisher ES, Finlayson SR.
Causes of late mortality after endovascular and open surgical
repair of infrarenal abdominal aortic aneurysm. J Vasc Surg.
2010; 51(6):1340-7.

Greenberg RK, Sternbergh WC3rd, Makaroun M, Okhi T,
Chuter T, Bharadwaj P, Saunders A; Fenestrated Investigators.
Intermediate results of a United States multicenter trial of
fenestrated endograft repair for juxtarenal abdominal aortic
aneurysms. J Vasc Surg. 2009; 50(4):730-737.e1.

Chiesa R, Tshomba Y, Kahlberg A, Marone EM, Civilini E, Coppi G,
et al. Management of thoracic endograft infection. J Cardiovasc
Surg. 2010; 51:15-31.

Brandt M, Hussel K, Walluscheck KP, Miiller-Hulsbeck S, Jahnke
T, Rahimi A, et al. Stent graft repair versus open surgery for
descending aorta: a case control study. J Endovasc Ther. 2004;
11:535-8.

Cambria RP, Crawford RS, Cho JS, Bavaria J, Farber M, Lee WA, et
al. A multicenter clinical trial of endovascular stent graft repair
of acute catastrophes of the descending aorta. J Vasc Surg.
2009; 50:1255-64.

Tespili M, Banfi C, Valsecchi O, Aiazzi L, Ricucci C, Guagliumi G, et
al. Endovascular treatment of thoracic aortic disease: mid term
follow up. Catheter Cardiovasc Interv. 2007; 70:595-601.

Bavaria JE, Appoo JJ, Makaroun MS, Verter J, Yu ZF, Mitchell RS,
et al. Endovascular stent grafting versus open surgical repair

of descending thoracic aortic aneurysms in low risk patients: a
multicenter comparative trial. J Thorac Cardiovasc Surg. 2007;
133:380-7.



Srp Arh Celok Lek. 2012 Nov-Dec;140(11-12):792-799

MpBux gBaaeceT roauHa eHA0BACKYNapHOr TPeTMaHa 060/bera aopTe

Wrop KoHuap'?, Momuwnno Yonuh'?, Hukona Mnnh'2 Cnobopa LiBeTkoBuh'? Mapko [parai'?,

Wnwjac YnHapa'?, QywaH Koctuh'?, Nasap JaBugoBuh'2

'KnnHuka 3a BacKynapHy v eHpoBacKynapHy xupyprujy, Knunuuku ueHtap Cpbuje, beorpag, Cpbuja;

*MepuumHckmn dpakynTet, YHuBep3utet y beorpapgy, beorpag, Cpbuja

KPATAK CALIP?KA)J

EHAOBacKynapHo neyerbe aOpTHUX aHeypu3mm (eHrn. endo-
vascular aortic/aneurysm repair — EVAR) y KMIMHUYKY Npakcy je
yBe[IeHO MOYETKOM leBeAeCeTVX roMHa BafeceTor Beka. bp3
pa3Boj OBe METOAE 3HaYajHO je YyTULA0 Ha KIIMHNYKE NleKape,
nporpame efgykauuje, 6onecHuKe, MHAYCTPWjy 1 38PaBCTBEHO
ocurypatbe. Y pagy je npukasaH AONPUHOC KNNHNYKIX Jieka-
pa 1 NpefcTaBHMKa MHAYCTPUYje Y pa3Bojy 1 HanpeTky EVAR y
npoTeKnux ABagecet rogmHa. OnmcaHu cy pa3soj oBe MeTofe,
[OMNPUHOC JieKapa, XMpypra 1 IHTEPBEHTHVX PaAnosIora, HacTa-
HaK HOBe 006/1aCTU BacKynapHe Xupypruje — XubpuaHe Backy-
NapHe Xvpypruje, Kao 1 AONPUHOC TEXHOMOLLIKOT ycaBplUaBa-
tba KOju1 Cy 3Ha4ajHO NOTNOMOINY NPEACTaBHULIM HAYCTPUje
— NHXeHepu 1 HbUXOBY CaBeTHULW. Y pagy ce aHann3upajy n

MpumsbeH « Received: 16/06/2011

cTyavje Koje cy ynopehuane ycnewHoct metoge EVAR ca po-
cap NpYIMerbVBaHNM OTBOPEHVM XMPYPLUKVM eYerbem aopT-
HUX aHeYpU3MW, Kao 1 HeKe TeXHMKe Neyetba ipyrnx oborbera
aopre. TokoM NpBe ABe fieLieHuje pa3Boja 0Ba MeToAa ce 6p3o
pasBujana v ycBajana ynopeao ¢ pa3BojeM TexHosnoruje. 3axaa-
byjyhivi BENIMKIM paHAOMU3MPaHUM CTYAWjaMa, PaHu 1 yaarbe-
HV pe3ynTaTn Ham yKasyjy Ha cneuudrnyHe KoMnavKaumje oe
MeToze, yTnuyhu Ha farbe yHanpebhetbe TexHonoruje u gedu-
HUCatbe pU3NYHMX rpyna 6oNecHNKa Kof Kojux NpyMeHy oBe
meTofe Tpeba n3berasatt. [Jlobpu pe3ynTtati Cy U3BECHM Camo
Yy LIeHTpKMa CreLvjan3oBaHym 3a BaCKynapHy XUpyprujy, rae
MoCTOje YC/I0BM 3a pellaBatbe CBUX KOMMIMKaLvja OBe MeTofe.
KrmbyuHe peun: aHeypri3ma aopTe; eH[J0BaCKyapHN TPETMaH;
X1bpuaHe npoLieAype; npoLec pa3soja
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