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Introduction

The rupture of abdominal aortic aneurysm (AAA) is a
lethal condition. If patients do not undergo surgery, the
mortality rate is 100% [1] and only 36% of patients with
ruptured AAA (rAAA) reach the hospital alive [2]. De-
spite rapid prehospital transportation and important
progress in diagnosis, anesthesiology and surgery, the
mortality rate of patients who underwent emergency
open repair remains unacceptably high [3]. All these rates
result in an overall mortality rate of 90% [3].
In 1994, Yusuf et al. first described endovascular re-

pair of a rAAA [4]. Since 1990, when Parodi first im-
planted an aortic stent-graft, a new method of minimally
invasive treatment of AAA has become available, espe-
cially in patients with high surgical risk [5].
The endovascular aortic repair (EVAR) for asympto-

matic AAA has steadily increased in the last decade with
the improvement of devices and the growing experience
of the operators. Fifteen years of practice with this en-
dovascular technique showed the feasibility of the stent
graft repair as a promising treatment option, not only for
the elective repair of AAA but also for ruptured aneu-
rysm [2].

Many centers have chosen EVAR to treat rAAA with
different results. Several groups have developed standard
protocols of management of rAAA and have used EVAR,
whenever possible, achieving good outcomes. Other au-
thors have used EVAR only in selected rAAA and did not
report better results compared with traditional open re-
pair [6].
In the study, we present our personal experience of

emergency endovascular treatment of AAAs, compared
to our experience of open repair of rAAAs and compar-
ing our results to those reported in the literature.

Materials and Methods

Data from patients presented at the Emergency Depart-
ment with severe abdominal or back pain and/or acute cir-
culatory shock, defined as systolic blood pressure ≤70 mm
Hg, were collected prospectively and evaluated retrospec-
tively. Informed consent was obtained whenever possible.
During the period between November 2003 and April

2010, we selected 250 patients for the implantation of
stent-grafts to exclude AAAs. Fourteen patients (12 men
and 2 women), with a mean age of 76 years (range 65–88
years), were treated on an emergency basis. Major co-
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morbidities included hypertension (ten cases), coronary
artery disease (eight cases), chronic obstructive pulmonary
disease (seven cases), diabetes (six cases) and chronic renal
failure (two cases). Given the severe comorbidities and ur-
gent nature of their problem, nine patients were classified
as American Society of Anesthesiologists (ASA) status IV;
five patients were graded status III.
The criteria used to select patients for the emergency

treatment were hypotension (systolic pressure ≤90mmHg)
or hemorrhagic shock (systolic pressure ≤70 mm Hg)
and/or lumbar pain in a patient with AAA associated with
retroperitoneal hematoma or radiological signs of im-
pending rupture of the aneurysm (Table I).
The preoperative diagnosis and the evaluation of indi-

cations favoring endovascular treatment, choice of endo-
prothesis size, and planning of the easiest route of arte-
rial access, were carried out in all patients using CT
angiography. More specifically, the investigations were
carried out with a multislice CT scanner using scans ob-
tained in the basal, arterial, and venous phases and fol-
lowing maximum intensity projection (MIP) and volume
rendering (VR) reconstructions. CT angiography ranged
from the celiac trunk to the common femoral arteries.
Treatment decisions were made collaboratively with vas-
cular surgeons and interventional radiologists. Our pol-
icy was to use EVAR in all patients who were anatomically
suitable, if appropriate staff and endografts were available.
The exclusion anatomical criteria for emergency EVAR
procedures were, according to literature [7], proximal
neck length <5 mm; proximal neck diameter >30 mm;
proximal neck angulation >90°; distal neck diameter >20
mm, and stenosis and/or occlusion of both iliac arteries.
The average aneurysm diameter was 61 mm (range

47–104 mm), the mean proximal aneurysm neck length
was 24 mm (range 15–35 mm), the average proximal
neck diameter was 24 mm (range 21–30 mm), and the
mean proximal neck angulation was 60° (range 20–
80°), as we can see in Table II. In eight patients, the

aneurysm involved only the abdominal aorta, in two pa-
tients the aneurysm involved both the common iliac ar-
teries, and in two cases it involved only one iliac artery.
The CT scan showed the presence of hematoma (ex-
travasation of blood outside the aortic wall) in nine
cases. In five patients, CT angiography showed contrast
penetration of the mural thrombus in the abdominal
aneurysm.
The procedure was performed under general anesthe-

sia in all patients by a team of vascular surgeons and
interventional radiologists in the operating room using a
mobile C-arm fluoroscopic guide. In six unstable
patients, a transfemoral supraceliac occlusion balloon was
inflated under fluoroscopic control. All patients were
treated with commercially available stent grafts. In five
cases, we used bifurcated stent grafts (four Talent and one
Endurant, Medtronic Inc.) and in nine patients we im-
planted a Talent (Medtronic Inc.) aorto-monoiliac stent
graft (Fig. 1). In these nine cases, the procedure was com-
pleted with the insertion of an occluder in the controlat-
eral common iliac artery and the construction of an
extra-anatomic femoro-femoral surgical bypass. The de-
vices were introduced through a bilateral mini-surgical
exposure of the common femoral arteries.
Antibiotic short-term prophylaxis (vancomycin 1 g, in-

travenously) was administered to all patients at the same
time as the induction of anesthesia to obtain an adequate
drug concentration at the time of stent-graft introduc-
tion. Before starting the procedure of endoprothesis po-
sitioning, 2500 IU heparin sodium was administrated in-
travenously. After the procedure, all patients were
transferred to an ICU. According to EUROSTAR pro-
tocol, all patients underwent CT angiography at 1, 6, and
12 months and yearly thereafter [8–9].

Results

The procedures required a mean operating time of
128±28 min (range 90–290 min). Nine patients pre-
sented a clear rupture of AAA with hemorrhagic shock
and their average time between clinical suspicion of rAAA
and endovascular procedure was 125±60 min (range
55–250 min). The time of delay was spent to perform a
TC angiography, to plan the procedure, and to measure
neck’s length and diameters while the operating room
was prepared. The other five patients presented a symp-
tomatic AAA with radiological signs of impending rup-
ture; they had a bifurcated endograft after a mean time of

Table I Criteria adopted to select patients for the emergency treat-
ment

Clinical criteria n

Hypotension (systolic pressure ≤90 mm Hg) 8

Hemorrhagic shock (systolic pressure ≤70 mm Hg) 6

Lumbar pain 7

Retroperitoneal hematoma 6

Radiological signs of impeding rupture of AAA 2

Table II Anatomical characteristics of abdominal aneurysms emer-
gency-treated

Aneurysm diameter 61 mm (range 47–104 mm)

Proximal neck length 24 mm (range 15–35 mm)

Proximal neck diameter 24 mm (range 21–30 mm)

Proximal neck angulation 60° (range 20–80°)

Fig. 1. Endograft used



2 days, because of the time needed to order and receive
prosthesis from the factory.
In our hospital, the average delay in treating rAAA with

open surgery depends on the patient’s condition. No
delay is allowed if the patient’s situation is critical.
The time of the CT scan is the only delay, when the

patient’s condition allows performing it.
A total of four patients (28%) died during the first 30

perioperative days. All deaths occurred in patients who
had been admitted in an unstable hemodynamic condi-
tion. Two of them had to be converted to open surgery
during the endovascular procedure because of acute
drop-migration of the endoprosthesis (type I endoleak).
The two remaining patients died on the second and
fourth postoperative day because of a multi-organ fail-

ure (MOF). Two patients (14%) showed a mild increase
in serum creatinine (>2 mg/dL) but did not require he-
modialysis. We did not observe any abdominal com-
partmental syndrome (ACS) that would require open
abdominal treatment (OAT); three patients (21%) suf-
fered postimplant syndrome characterized by fever,
leukocytosis, and backache, which disappeared before
discharge.
A comparison between our results in endovascular

treatment and open repair of rAAA shows a mortality al-
most double; in fact our mortality after open repair of
rAAA is 47%.
Mean hospitalization was 12 days (range 3–21 days)

and mean ICU stay was 3 days (range 1–7 days). One pa-
tient underwent an additional endovascular procedure for
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Fig. 3. A diagram explaining our experience, the devices used and the outcomes

Fig. 2. MD CT-angiography (a, b) shows a rAAA with a large retroperitoneal fluid col-
lection. The aneurysm (c) was treated with an aorto-uniliac graft and a
femoro-femoral surgical bypass. The MIP reconstruction shows the stent-graft and
the occluding device in the right common iliac with complete AAA exclusion

Ukovich et al.
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a proximal type I endoleak observed at the 1-month CT
control. It was treated successfully with an aortic exten-
sion on the 34th postoperative day.

Figure 3 explains our experience with rAAA and symp-
tomatic AAA, endovascular graft choices, and outcomes.

Discussion

Although the first endovascular repair of rAAA was de-
scribed by Yusuf et al. in 1994, small case series with se-
lected patients appeared in the literature later [10]. The
development of increasingly versatile devices and the grow-
ing knowledge of the operators had the result that nowa-
days endovascular repair of rAAA has become a routine
practice and, in a few experienced centers, it represents the
first-line treatment option [11–14]. Although the overall
evidence is that EVARmay improve the outcome of rAAA
[15–16], some groups have not been able to confirm the
advantage of EVAR over open repair [12, 17, 18].
The endovascular approach is similar to the modern

approach to a serious hemorrhage. The primary goal is
the rapid control of the bleeding source using the less in-
vasive procedure, in order to reduce hypoperfusion, hy-
pothermia, coagulopathy and acidosis [19]. In six pa-
tients hemosthasis was reached using an intra-aortic
balloon at the beginning of the procedure. Patients af-
fected by rAAA present with many comorbidities and may
present in extremis. Adverse pathophysiologic changes
observed during open surgery, such as sudden decom-
pression of intra-abdominal pressure, third-space, and
blood losses, are minimized by adopting an endovascular
approach [10].
In the literature, many centers limited the use of EVAR

to “stable” rAAA patients or even those with “contained”
rupture. Hemodynamic instability is associated with a
higher risk of procedural mortality. Therefore, it is not
correct to compare lower procedural EVAR mortality
rates with those of open repair [21]. Therefore, we di-
vided our cases into two groups: stable patients with con-
tained rupture and instable patients with documented
rupture. In the first group, the 30-day mortality was 0%
and stent-graft insertion was successful in all cases. We
observed a 30-day mortality rate of 44% among instable
patients with a confirmed rAAA. This value may seem
rather high to represent progress compared with the best
series of open rAAA repair, but several reasons could be
found. The cases reported here are on the basis of little
experience that represents the early phase of our learning
curve, which seems to be different from and longer than
the elective cases [10]. In addition, it is also possible that
we intuitively moved toward offering endovascular treat-
ment to some hemodynamic instable patients who previ-
ously would have very bad prognosis. These patients nor-
mally underwent open repair with worst results and they
are perhaps those who have the most to gain from en-
dovascular approach [17].

Finally, four patients (28%) died in the first 30 periop-
erative days. In two patients (14%), we observed a slight
increase of serum creatinine, which never required treat-
ment. Three patients (21%) suffered a postimplant syn-
drome that vanished before hospital discharge.
It is mandatory that experienced staff in both en-

dovascular or open repair and an adequately equipped
operating room are necessary conditions to treat rAAA
with EVAR. An appropriate inventory of suitable grafts
and accessories must be stocked in the operating room
and be available for the procedure and unexpected con-
tingencies [6].
In addition, in a time of budget constraints, costs, or

cost-effectiveness of a new therapy compared with a tra-
ditional one may influence treatment policy. Of note, a
recently performed study about the costs of endovascu-
lar repair versus those of open surgery in patients with
rAAA showed that endovascular repair was cost saving
compared with open surgery, even after 1-year follow-up
[12]. Unfortunately, at the moment we have no data
available in Italy concerning the costs of the two differ-
ent procedures.

Conclusion

Endovascular procedure without laparotomy, retroperi-
toneal dissection, and aorta cross-clamping is a very at-
tractive alternative to open repair for rAAA.
Our results suggest that endovascular treatment is fea-

sible in the emergency setting, and our early experience
is promising. The technique seems suitable not only for
stable patients but could be considered as the procedure
of choice for all patients irrespective of hemodynamic
condition.
In conclusion, it is possible to state that the endovas-

cular approach is a valuable and promising therapeutic re-
source for the emergency treatment of rAAA. Further
studies with a longer follow-up and a higher number of
patients are necessary in order to evaluate the long-term
results of endovascular treatment and to enable a com-
parison with surgical treatment in terms of mortality,
morbidity, and long-term technical success.
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