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Open surgical treatment of infrarenal abdominal aortic
aneurysms (AAA) is effective and has a low morbidity
and mortality rate in the middle-term and in the long-
term period (1-4). On the contrary perioperative risk is
high, with a range in mortality from 5 to 10%, and some
high-risk patients are excluded from treatment (5-8).

From the first report in 1991 (9), endovascular treat-
ment of AAA (EVAR) has gained a progressively wider
acceptance and now is considered a consistent alterna-
tive to open surgery.

In spite of satisfactory medium-term results (9-15),
recent studies have revealed some limits inherent to the
procedure. The problems are related to the safety and
integrity of the devices, the disconnection of its compo-
nents, the graft migration and infection, the obstruction
of iliac limbs and to aneurysm sac expansion in pres-
ence, in the majority of cases, of sac reperfusion
(endoleaks) (16,-18). Sometimes such complications
require the explantation of the endografts and the open
treatment of AAA (conversion). 

Effectiveness of EVAR in the long-term has to be
proven and studies are underway ; some doubts remain
if the procedure is indicated in young patients and in
low-risk patients (18). 

Little research was involved in defining the incidence
of intraprocedural failures and complications, and of all

the adverse events that can occur during or immediately
after the procedure (within 30 days) (19, 20, 21). These
events can be considered critical for the success of the
procedure ; if they are not adequately corrected there is
a high risk of failure. Such a correction is frequently a
routine complement of stent-graft implantation so that
critical events are evaluated as a predictable part of
EVAR whose diagnosis and treatment is easy and imme-
diately performed. However, in many cases these events
are not recorded unless they have serious or permanent
clinical consequences.

In this paper we analyse intraprocedural critical
events in EVAR in a large series of procedures.
According to other authors (19) we consider critical
events to be all the problems and technical difficulties
that fit the following criteria : they occur during the pro-
cedure or within the first 30 days, they are neither pre-
dictable nor foreseen, they compromise the success of
the procedure and they require an adjunctive treatment,
normally not performed during the procedure, which
may be endovascular or open. 

Methods

A questionnaire to collect data relative to critical events
in EVAR was sent to many divisions of vascular surgery
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in Italy ; eleven answered and data were recorded in a
worksheet. In the Appendix there is the list of the divi-
sions and of the Authors that contributed to the survey.
The questionnaire regarded :

– the total number of EVAR 
– the unexpected difficulties in graft insertion due to

small arteries, arterial stenosis, calcification or tortu-
osity,

– the graft misplacement, with consequent endoleaks of
type IA (from the proximal attachment site), type IB
(from the distal attachment site) or type III (defect in
connecting the segments of the modular stent-graft),

– the problems during the stent-graft delivery or the
shaft withdrawal (e.g. notch trapping in stent or twist
of slide guides),

– the unintentional coverage of renal, polar or hypogas-
tric arteries,

– the limb graft kinks, stenosis or occlusions,
– the distal dissections,
– the aneurysmal or arterial rupture 
– the incidence of atheroembolism.

We did not collect data relative to patient characteris-
tics, aneurysm morphology and stent-graft type.

Analysis of the data was performed with a standard
spreadsheet with statistical capabilities (Microsoft Excel
– Microsoft Co. – Richmond, Va). Correlation of
Pearson and its significance was evaluated between the
total number of procedures in each division and the
number of occurred critical events.

Results

The data collected are relative to 1696 EVAR performed
from the beginning of the 1990’s to October 2003 in
eleven divisions of vascular surgery in Italy and are sum-
marized in Table I. 

The experience of single institutions varied from 28
to 520 EVAR and the incidence of critical events had a
wide range, from a lower value of 2.7% to a higher value
of 68.8% (mean 21.16%). 

A correlation was observed between the workload of
each center and its incidence of critical events (Fig. 1).
Pearson correlation coefficient (r) was 0.796 ; for 9
degrees of freedom it has the highly significant t value
of 3.94 (p < 0.01). 

The mean value of critical events was 21.16% for the
whole group, with two significant outlayers that report-
ed an incidence of critical events of 47% and 68.8%
respectively.

Femoral insertion of the stent-graft revealed an unex-
pected incidence of difficulties due to small external
iliac arteries (commonly less than 7 mm in diameter),
stenosis, heavy calcifications and tortuosity for a cumu-
lative value of 7.62% of cases.

Persistence of perfusion of the aneurysmal sac after
deployment of the stent-graft was observed in 5.54% of
cases ; in the majority of cases it was an endoleak of
type I, equally shared among types IA and IB. All cases
were corrected with ballooning and adjunctive cuffs.
Endoleaks type III, secondary to incomplete sealing of
modular parts of the stent-graft or to their detachment,
occurred in 1.0% of cases.

Critical events related to the device include problems
during the stent-graft delivery and the delivery system
retrieval. Delivery was impossible in 0.41% of cases for
the presence of marked proximal aortic neck or distal
iliac arteries angulation or for a fabric defect of the
delivery system. The same figure is reported for difficult
delivery system retrieval ; the most frequent causes were
the entrapment of the tip of the delivery system (notch)
within the struts of the deployed stent-graft or, in a sin-
gle type of stent-graft, the probable torsion of sliding
guides.

We reported a coverage of visceral arteries in 3.5% of
cases ; renal arteries were covered unintentionally in
0.5% of cases, polar arteries in 0.3% and hypopgastric
arteries in 2.7%. Suprarenal deployment of the stent-
graft was corrected when possible with a downward
traction by means of a balloon inflated in the main body
of the stent graft or by means of a guidewire crossing
the graft bifurcation from one femoral artery to the
other. In three cases the manoeuvre did not succeed ; and
one nephrectomy and two spleno-renal bypass grafts
ensued.

Arterial rupture is the most feared critical event since
it is life-threatening. Aortic rupture occurred in 0.17% of
procedures and iliac ruptures in 0.53% ; these cases
were typical of the beginning of the learning curve. Most
cases were treated with open conversion whereas some
iliac ruptures were corrected with covered stents.

Lower limbs ischemic complications are rare in
EVAR procedures and in most cases are due to graft
limb kinks and twisting, extrinsic compression by calci-
fied plaques in iliac arteries or an aortic bifurcation with
a small lumen, less than 18 mm. We observed 1.59% of
cases with such complications that could be treated with
ballooning or stenting of the graft limb, thrombectomy
or thrombolysis in case of occlusion. The same treat-
ment was reserved to dissections with lower limb
ischemia that occurred in 0.9% of cases. Athero-
embolism to hypogastric region and to lower limbs was
reported in 0.47% of cases and had a long painful
course.

Discussion

The aim of this study is to define the incidence of the
intraoperative critical events during EVAR and to dis-
cuss the adjunctive procedures for their resolution. 
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NASLUND (20) reported technical complications in
26% out of 34 endovascular repairs for AAA, BUTH et
al. (21), who reported collaborative data from the
EUROSTAR registry, have shown open conversion in
2.5% of the cases, device-related or procedure-related
complications in 10%, and arterial complications in 3%. 

FAIRMAN et al. (19) on the contrary reported an inci-
dence of adverse events or the need of an adjunctive pro-
cedure in 89% of their cases.

We had a minimum of 2.7% of recorded critical
events to a maximum of 68.8%, with a mean of 21.16%.
This value is consistent with those of other Authors but
in our multicenter survey we observed significant out-
layered individual values in almost three centers : one
extremely low to 2.7% and other two abnormally high
(47% and 68.8%). If these outlayered values could have
been excluded, we would have had a near perfect regres-
sion line with a Pearson “r” value of 0.98.

The wide range of reported critical events may be due
to two important factors : the learning curve and the
accuracy to keep track of the procedure. Many Authors
in fact don’t record the intraoperative critical events that
can be treated easily during the same procedure. 

According to some Authors the learning curve for
EVAR has a great importance. LEE et al. (22) in their
experience concluded that the learning curve is impor-
tant for the reduction of the perioperative complications,
but doesn’t influence the technical success of the proce-
dure. LOBATO et al. (23) have shown that 55 endovascu-

lar aneurysm repairs were necessary to achieve optimal
results ; and that the interval between the procedures was
also important, with one case every 10 days being the
minimal workload to achieve these success rates. FORBES

et al. (24) in their analysis suggested that 60 elective
endovascular repairs, or 20 with a specific device, are
required to obtain optimal initial clinical success. 

During the relatively brief history of endovascular
aneurysm repair, it has become clear that endograft
device design is a vital contributor to successful
aneurysm exclusion (25). The initial use of aorto-aortic
tube endograft determined early failure of EVAR for dis-
tal aortic attachment site complications and device
migrations (24). Nevertheless MAY et al. (11) in their
experience concluded that there are risks inherent in the
endograft method rather than iatrogenic complications
that occur as a learning curve phenomenon : new
devices have modified the type of the adverse events but
not their incidence. Our collective data confirm this
opinion since we observed a straight correlation between
the number of EVAR and the incidence of critical
events. Apparently these events are not clustered in the
initial phase of the learning curve as can be deduced by
the two low-volume centers that had an incidence of
11%.

In any case a careful selection of patients based on
morphologic standards for this endovascular procedure
is the requirement for the prevention of adverse
events (26). 

Fig. 1
Correlation between number of performed procedures (EVAR) and of critical events which occurred during individual experience in
eleven divisions of vascular surgery. There is a correlation with total workload and not with the learning curve.
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The identification of risk factors for intraoperative
complications is not yet clear. According to SHAMES (27)
gender is important in the incidence of perioperative
complications ; he observed that women treated with
AneuRx graft experienced more technical complications
(17% versus 8.3%). At 30 days, systemic morbidity was
significantly higher in women (26% versus 5.3%).
CARPENTER et al. (28) have shown that women had high-
er incidence of secondary procedure and less eligibility
to EVAR for anatomical reasons (small arteries, short,
wide and angulated aortic neck) than their male counter-
parts.

Retroperitoneal approach is associated with an
increased risk for perioperative complications. LEE et
al. (29) reported that this approach enabled an addition-
al 14% of patients with AAA to undergo endovascular
techniques, but on the other hand it’s related to a 1.8-
fold higher rate of perioperative complications, com-
pared with endovascular AAA repair with femoral expo-
sure alone.

According to FAIRMAN (19), the overwhelming major-
ity of the adverse events are access related. The inci-
dence of these problems in our study is 7.7%. Insertion
of the device via femoral route has an incidence of unex-
pected difficulties : small arteries, stenosis, kinking and
calcification can hinder in the progression of the graft’s
delivery system. Access issues will remain a problem for
this technology until the profile of the delivery systems
is significantly reduced (19, 30). Access related prob-
lems can be worked out with a PTA of the stenotic ves-
sel, a brachial-femoral guidewire path as suggested by
CRIADO (30), a retroperitoneal approach to iliac arteries
or a conversion to open surgery.

The incidence of perioperative endoleaks is uncertain
because they are often solved in the operating room with
relatively simple procedures and surgeons do not keep
track of them (31). In any case the clinical importance of
this adverse event remains unclear and poorly under-
stood (32, 33, 34). Several studies have shown poor cor-
relation between endoleak and outcome and many
Authors believe that the most common variety of
endoleak (type II : retrograde branch leak), rarely caus-
es clinical consequences (35-37). We did not consider
endoleaks type II as critical events since we believe that
they do not deserve any treatment for at least 3 months,
unless the aneurysm grows in that period. On the con-
trary, endoleaks type I and type III are well recognized
as more hazardous for AAA enlargement and rupture
risk, and for this reason they always need a treat-
ment (18, 38). In literature almost all the endoleaks of
type IV subsided spontaneously during the 30 days fol-
low-up : their intraoperative observation requires
excluding the association with an endoleak type I. In this
case the filling of the sac is more rapid (31). These
benign type IV endoleaks are not considered in our

study. ZARINS et al. (39) reported a 21% endoleak rate
after discharge, wich decreased to 9% at 1 month. WHITE

et al. (40) presented an incidence of 24% of intropera-
tive endoleak type I. CRIADO et al. (30) had a rate of 14%
for endoleak type I and II. ESPINOSA et al. (41) revealed
an incidence of endoleak type I of 2.3%. BECQUEMIN et
al. (42) demonstrated a 23.3% rate of early endoleaks.

For endoleaks type I we had a mean incidence of
5.5%, and for type III of 1%. 

The diagnosis of endoleak type is made intraopera-
tively with selective angiographic runs, whereas IVUS
was used in rare instances, but was not resolving and
very expansive (42). In the postoperative period CT
scan, with late runs, and colour echoDoppler, with sec-
ond generation echocontrast and settings in the second
harmonic with low mechanical index, are the best
tools (43-49).

The treatment of endoleak type I is carried out with
ballooning of the landing zone of the graft or coil
embolization (10, 17). Extension cuffs are used in the
great majority of the cases 31 ; on the contrary coil
embolization is used in rare cases (50-52).

In rare cases aneurysms with type II endoleaks grow
within the first month ; treatment may be with coil
embolization, thrombin or glue injection, laparoscopic
retroperitoneal clipping and, in case of failure, conver-
sion to open surgery (10, 53-55). Another treatment
recently proposed for this type II endoleak is “saccoto-
my”, which consists in the transperitoneal opening of
the aneurysmal sac and direct lumbar ostia suture (56).

Type III endoleak may be due to unfitted overlapping
of modular components of the endografts and can be
treated with ballooning or with an intermediate cuff (31,
57). Conversion to open surgery is the last choice.

Device-related clinical events include problems with
deployment of the graft or problems with withdrawal of
the delivery system. The first may depend on a marked
angulation of the aortic neck or of the iliac arteries or
engineering failures of the device/delivery systems
themselves. The graft cannot be released at all from the
deployment system or difficulty in release brings about
an inaccurate fixation of the graft. The solution is an
adjunctive endograft if possible or conversion to open
surgery. Withdrawal of the delivery system was difficult
or impossible in 0.7% of cases in our collective experi-
ence. Proximal notch entrapment in the struts of the
graft and sliding guides twisting were the most common
occurrences. These events are often related to graft type
and predictable (19). Every type of graft has his own
tricks to resolve these situations but sometimes conver-
sion is unavoidable.

Inadvertent suprarenal deployment can be succcess-
fully treated by balloon traction at the proximal attach-
ment site of the endoprosthesis or by pulling down the
endograft using a stiff guide wire over the graft
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bifurcation (19, 58, 59). In case of failure conversion to
open surgery is the only possible solution.

Accessory renal arteries can be covered with the graft
if they are less than 3 mm in diameter, supply less than
25% of renal parenchyma, do not represent a possibile
cause of endoleak and the serum creatinine is nor-
mal (26). Intentional coverage of polar arteries is not a
critical event ; in this conditions an insignificant renal
ischaemia (< 20% renal parenchyma) at worst can devel-
op in absence of renal insufficiency (60). 

Covering of renal or polar arteries is reported in 0.8%
of cases in our collective experience. LIEWALD (61)
reported an incidence of 3% in 130 EVAR.

Unintentional covering of hypogastric arteries can
occurr in case of distal migration of the graft during
retraction of the delivery system or in case of over-
estimated lenght measurement from the renal artery
orifice to the hypogastric orifice (62). In the first case
it’s possible to pull up the graft by using a pig tail
catheter.

Sacrifice of the hypogastric artery is rarely associated
with colon ischemia, hip and buttock claudication,
impotence, paraplegia and pelvic necrosis (62). Hip and
buttock claudication is the most common outcome relat-
ed to hypogastric occlusion, with an incidence from
1.6% to 33% and with an excellent prognosis with medi-
cal therapy (54). These events are not experienced by
patients with a unilateral occlusion. Hypogastric reim-
plantation or bypass graft is recommended if intestinal
or gluteal ischemia is feared (63).

Life-threatening artery rupture is the most feared
complication of EVAR and needs a conversion to open
surgery. Aortic rupture occurred in 0.2% of cases in our
study, in particular at the beginning of the experience :
in one case it was due to the overzealous ballooning of a
Parodi endoprosthesis aortic neck.

Iliac artery rupture occurred in 0.5% of cases : it can
be successfully treated by covered distal extensions but
open surgery sometimes is the only solution. Our results
are similar to those in literature (19, 24).

Ischemic complications of lower limbs are also rare
and may be due to kinks of graft limbs, particularly in
non stented grafts, and stenosis from extrinsic compres-
sion by arterial plaque or small aortic bifurcation (less
than 18 mm). FAIRMAN (19) reported 12% of this critical
event (only in Ancure endografts) ; the treatment was a
successful angioplasty and eventually a stenting of the
kinked zone. 

Acute limb ischemia is reported in 4-6.5% of
cases (19, 58). In these cases some Authors prefer
thrombolysis to thrombectomy (64). 

Acute limb ischemia due to arterial dissection is more
difficul to diagnose intraoperatively. It has been shown
that IVUS is more useful than angiography for prompt
diagnosis (43).

Atheroembolism is another adverse event of endovas-
cular procedures, but has also been observed during
open surgery. In lower limbs causes illness for many
weeks.Treatment options include prostanoids, pentoxy-
fillin, local treatment with papaverin ointment and anal-
gesics. It’s a feared complication when it involves kid-
neys, small intestin and colon.

In conclusion, perioperative critical events during
EVAR only in rare cases represent a serious problem.
They are common but in many cases not predictable ; in
most circumstances they can be easily corrected with
adjunctive manoeuvres during the same procedure. In
medical reports they are generally underestimated for
the low clinical impact but the analysis of adjunctive
costs for their resolution probably leads to different con-
sideration. 

There is a highly significant correlation between the
total workload and the incidence of critical events ; these
do not appear to be related to the learning curve. It is rel-
evant that future evolution of preoperative evaluation of
patients and of EVAR devices could lower the incidence
of unexpected intraoperative complications.

Appendix

Divisions of Vascular Surgery participating to the survey :

Institute of Vascular Surgery – University of Milan
(L. Gabrielli, A. Baudo, M. Domanin, A. Molinari)
Center “E. Malan” – S. Donato. - University of Milan (GD
Tealdi, G. Nano)
Institute of Vascular Surgery. – University of Roma Tor
Vergata (GR Pistolese, A Ippoliti)
Division of Vascular Surgery – IDI Hospital – Roma
(F. Serino)
Division of Vascular Surgery – University of Insubria – Varese
(P. Castelli)
Division of Vascular Surgery – Monteluce Hospital – Perugia
(P. G. Cao, F. Verzini)
Division of Vascular Surgery – Cisanello Hospital – Pisa
(M. Ferrari)
Division of Vascular Surgery – A. Manzoni Hospital – Lecco
(G. Lorenzi, S. Ferrari)
Division of Vascular Surgery – CA Pizzardi Hospital –
Bologna (L. Pedrini)
Division of Vascular Surgery – Ospedali Riuniti – Bergamo
(M. Setti)
Division of Vascular Surgery – Ospedale di Circolo – Busto
Arsizio (A. Tori, E. Costantini)
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