Korean J Thorac Cardiovasc Surg 2015;48:1-6
ISSN: 2233-601X (Print) ISSN: 2093-6516 (Online)

J Review [
http://dx.doi.org/10.5090/kjtcs.2015.48.1.1

General Considerations of Ruptured Abdominal Aortic Aneurysm:
Ruptured Abdominal Aortic Aneurysm
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Although development of surgical technique and critical care, ruptured abdominal aortic aneurysm still carries a high
mortality. In order to obtain good results, various efforts have been attempted. This paper reviews initial manage-
ment of ruptured abdominal aortic aneurysm and discuss the key point open surgical repair and endovascular

aneurysm repair.
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INTRODUCTION

Due to developments in surgical technique and critical
care, the mortality rate of elective abdominal aortic aneurysm
repair has been greatly improved. However, Cooley and
DeBakey’s early presentation of surgical treatments for rup-
tured abdominal aortic aneurysms (rAAA) noted a 50% sur-
vival rate [1], which has proven difficult to improve over six
decades of subsequent effort [2-4].

Endovascular aneurysm repair (EVAR) has the advantage
of having relatively low perioperative mortality and morbidity
compared to open surgical repair (OSR) [5-7], and con-
sequently, patients increasingly undergo EVAR for rAAA [8].
Nevertheless, OSR still plays an important role in the treatment
of TAAA due to the anatomical and institutional limitations of
EVAR. In this article, we review strategies for the initial man-
agement of rAAA in order to reduce perioperative mortality
and morbidity and discuss key features of OSR and EVAR.

INITIAL MANAGEMENT

Preoperative hemodynamic stability is directly associated
with the patient’s mortality [9-11], and preoperative shock is
the most serious risk factor affecting survival after rAAA.
For this reason, it is important to stabilize the patient’s blood
pressure. However, aggressive fluid resuscitation before ach-
ieving control of the proximal aorta can lead to further hem-
orrhaging, which may result in an increased risk of mortality
[11]. Thus, the primary goal in the initial management of pa-
tients with rAAA is achieving hemodynamic stability to allow
perfusion of the vital organs. This is the concept underlying
permissive hypotension [12]. This usually involves maintain-
ing a systolic blood pressure of 70 to 80 mmHg, and avoid-
ing aggressive resuscitation to pressures higher than 100
mmHg [13]. Dick et al. [14] report that aggressive volume
resuscitation of patients with rAAA before proximal aortic

control resulted in an increased perioperative risk of death in-
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Fig. 1. Fast-frack algorithm for the care of patients with ruptured
abdominal aorta aneurysm (rAAA) presenting to UMass Memorial
or an outside ED. MD, medicinae doctor; ED, emergency department;
CTA, computed tomographic angiography; OR, operating room.

dependent of systolic blood pressure. Therefore, volume re-
suscitation should be delayed until surgical control of bleed-
ing is achieved.

The treatment of a patient with rAAA requires a coopera-
tive relationship between multidisciplinary specialties to en-
sure a timely diagnosis, appropriate preoperative and perioper-
ative support, efficient aneurysm repair, and excellent post-
operative care. Thus, specific protocols for patients with TAAA
are useful, such as the fast-track algorithm for the care of pa-
tients with TAAA used in the UMass Memorial Healthcare
System (Fig. 1) [15] or the standardized protocol for the use
of EVAR to treat rAAA by the Vascular Group in Albany,
New York, USA (Fig. 2) [16].

OPEN SURGICAL MANAGEMENT

Coordination between the surgeon, anesthesiologist, and
scrub nurse is important for the successful operation. There
are two ways to approach the abdominal aorta: the trans-
peritoneal approach through a median laparotomy and the ret-
roperitoneal approach. The transperitoneal approach is gen-

erally preferred because it enables the surgeon to examine the

intra-abdominal organs and perform quick supraceliac clamp-
ing [17-19]. On the other hand, some investigators advocate
the retroperitoneal approach, as it is associated with less in-
traoperative hypotension and lower mortality than the trans-
peritoneal approach [20,21]. The most important factor in
choosing the incision path is the familiarity of the surgeon
with each method.

The most important step in surgery on a patient with
rAAA is the rapid, safe, and effective control of the proximal
aorta with a consequent reduction of blood loss. After aortic
clamping takes place, the anesthesia team should replace
blood loss more aggressively. Several options exist for estab-
lishing control of the aorta. Supraceliac control has the ad-
vantage of allowing the quick and safe control of the aorta in
a bloodless field. However, it has the disadvantage of inflict-
ing an ischemic injury on a visceral organ, which can lead to
further visceral injuries through hemorrhagic shock, which in
turn may ultimately contribute to the development of multi-
system organ failure [18,22]. In addition, supraceliac control
can increase the cardiac afterload and promote myocardial is-
chemia [23]. Another method for aortic control is balloon
occlusion. Proximal control of the aorta can be carried out by
placing a balloon in the proximal aorta without supraceliac
exposure. An occlusion balloon can be inserted directly
through the aorta or with fluoroscopic guidance through fem-
oral or brachial artery [15].

Although it is controversial, heparin should be administered
as soon as aortic clamp control is established [24]. Due to
the risk of coagulation disorders, dissections should be mini-
mized to reduce injury to blood vessels and other structures.
The patient should be kept warm because hypothermia can
lead to surgical bleeding and adverse cardiac events [15]. Use
of red blood cell saver during surgery has been proven to re-

duce blood-product use in TAAA surgery [25].

ENDOVASCULAR MANAGEMENT

The first successful endovascular repair of a TAAA was
performed in 1994 by Marin et al. [26]. Since EVAR has
some theoretical advantages over OSR, it has been increas-
ingly used to treat rAAA. It is less invasive, avoids damage

to periaortic and abdominal structures, reduces bleeding from
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surgical dissection, minimizes hypothermia, and lessens the
requirement for deep anesthesia [27]. Because of these poten-
tial advantages combined with reports of lower procedural
mortality, EVAR has been regarded as superior to OSR for
the treatment of rAAA [28-32].

When performing EVAR on a patient with rAAA, the sur-
geon needs to consider different factors than when performing
elective EVAR, namely: the use of an aortic occlusion balloon,
possible conversion to an aortouniiliac implant, and the possible
occurrence of abdominal compartment syndrome (ACS).

An aortic occlusion balloon is generally used only when
severe hemodynamic instability occurs. There are two ways
to approach the proximal aorta in such cases: the femoral ap-
proach and the brachial approach. Mehta et al. [33] have
been preferred to use the femoral approach because of the
following advantages. First, it allows the anesthesia team to
have access to both upper extremities for arterial and venous
access. Second, the patients who require aortic occlusion bal-

loons are often hypotensive and, in these patients, percuta-

¢ dized protocol for EVAR of ruptured

Suitable aortic neck abdominal aortic aneurysms (rAAA).

ER, emergency room; BP, blood
i pressure; CTA, computed tomography
EVAR angiography;  EVAR,  endovascular
aneurysm repair.

neous brachial access can be difficult and more time consum-
ing than femoral cutdown. Finally, currently available aortic
occlusion balloons require at least a 12 Fr sheath, which re-
quires a brachial artery cutdown and repair, and stiff wires
and catheters across the aortic arch without earlier imaging
under emergency circumstances might lead to other arterial
injuries and/or embolization causing stroke.

It is necessary to pay close attention to ensure that the
aortic occlusion balloon is not trapped between the stent graft
and the aortic neck while deploying the main body of the
stent graft. If a hemodynamically unstable situation persists,
the aortic occlusion balloon can be repositioned into the aort-
ic neck from the side ipsilateral to the main body of the stent
graft and reinflated at the infrarenal aorta within the main
body of the stent graft [16].

If a bifurcated stent graft is used, bleeding is possible until
distal fixation is carried out after cannulation of the con-
tralateral gate. Thus, an aortouniiliac implant and femoro-fem-

oral bypass can be considered in the situation of hemodynami-



Chung Won Lee, et al

cally unstable patients or when it is difficult to access the con-
tralateral iliac artery due to stenosis, occlusion, or tortuosity
[34].

ACS is the major cause of morbidity and mortality after
EVAR performed to treat rAAA [24]. Several factors contrib-
ute to the occurrence of ACS after EVAR in patients with
rAAA. Retroperitoneal hematomas are lesions that occupy a
significant amount of space in the abdomen and are a sig-
nificant factor contributing to intra-abdominal hypertension.
Persistent bleeding from the lumbar and inferior mesenteric
arteries into the ruptured aneurysm sac in the situation of se-
vere coagulopathy might also contribute to the development
of ACS [35]. Moreover, the state of shock involved in rAAA
is associated with alterations in microvascular permeability
that can lead to visceral and soft tissue edema. Monitoring of
bladder pressure is helpful for the early detection of ACS
[29,32]. Laparotomy and open abdomen treatment are needed
to relieve the hypotension, high pulmonary compliance, and

oliguria that occur in serious cases of ACS [24].

OPEN SURGICAL REPAIR COMPARED TO
ENDOVASCULAR ANEURYSM REPAIR

Three randomized controlled trials have compared OSR and
EVAR in the treatment of patients with rAAA. Hinchliffe et
al. [36] observed 32 patients with rAAA, finding a 30-day
mortality rate of 53% in the EVAR group and 53% in the
OSR group. Moderate or severe operative complications oc-
curred in 77% of the patients in the EVAR group and in
80% of the patients in the OSR group. The median total hos-
pital stay in the EVAR group was 10 days, compared to 12
days in the OSR group. Reimerink et al. [37] randomized
116 patients with TAAA to treatment with either OSR or
EVAR. The combined rate of death and severe complications
at 30 days post-surgery was 42% in the EVAR group versus
47% in the OSR group. The 30-day mortality was 21%
among the patients assigned to EVAR compared to 25%
among the patients assigned to OSR in this study. In the
IMPROVE (Immediate Management of the Patient with
Rupture: Open Versus Endovascular repair) trial [38], 613 pa-
tients were prospectively recruited. The 30-day mortality rate
was 354% (112/316) in the EVAR group and 37.4%

(111/297) in the OSR group. The 30-day mortality rate
among patients with confirmed ruptures was 36.4% (100/275)
in the EVAR group and 40.6% (106/261) in the OSR group.
Although these trials had some limitations due to the rela-
tively small number of patients who were recruited, no sig-
nificant differences were found between EVAR and OSR re-
garding either the mortality rate or the complication rate.
Van Beek et al. [39] performed a meta-analysis of 3,769
studies assessing short-term survival rates in patients with
rAAA. They concluded that EVAR and OSR have com-
parable outcomes in patients with rAAA, which supports us-
ing EVAR in suitable patients while reserving OSR as an al-

ternative strategy.

CONCLUSION

Most patients with TAAA die before they can be operated
upon [40]. Furthermore, surgery for rAAA has a high mortal-
ity rate. After decades of marginal improvements in OSR sur-
vival rates, a paradigm shift has occurred. Endovascular tech-
niques, advances in perioperative management, and central-
ization of services have improved outcomes, with substantial
reductions in mortality in some regions [41-43].

One study has reported a mean of 8.5 quality-adjusted life
years for hospital survivors of rAAA surgery [38]. No differ-
ence was observed in the quality of life of TAAA patients
who had major postoperative complications compared to those
who did not. Therefore, patients who survive rAAA repair
have an acceptable quality of life, which suggests that a con-

tinued aggressive approach to repair is indicated [44].
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