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Protocol-Based Strategy for Endovascular Repair of
Ruptured Abdominal Aortic Aneurysms

Hidemitsu Ogino, MD, Kazunao Watanabe, MD, Yuki Ikegaya, MD, Jun Kawachi, MD,
Rai Shimoyama, MD, and Naoko Isogai, MD

Objective: Compared with conventional open surgery (COS), endovascular aneurysm repair (EVAR) has
been reported to decrease the 30-day mortality rate in patients with ruptured abdominal aortic aneu-
rysms (rAAAs). We developed an EVAR-first strategy for rAAAs that incorporates the Shonan ruptured
abdominal aortic aneurysm protocol (SRAP). We describe short-term results with this protocol at our
institution and compare them with outcomes in patients who underwent COS.

Methods: The records of all 57 patients in whom a rAAA was repaired during a 7-year period were
reviewed retrospectively. Patients in the COS group (n = 30) were treated between January 2005 and
December 2009; those in the SRAP group (n = 27) were treated between January 2010 and March 2012.
The two groups were compared with respect to patient characteristics at admission, including severity of
condition; operative and in-hospital variables; and 30-day mortality.

Results: The baseline patient characteristics in the COS and SRAP groups were similar except that the
SRAP group had a significantly higher rate of cerebrovascular disease. The 30-day mortality rate was
significantly higher in the COS group (43% vs. 19%), as were the intraoperative mortality rate (27% vs.
5%) and the in-hospital mortality rate (57% vs. 26%; P <0.05 for all comparisons). The technical success
rate for EVAR was 96%; no conversions to open surgery were required.

Conclusions: Use of the SRAP is a promising strategy for improving initial outcomes in patients with
rAAAs.
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INTRODUCTION

E ndoluminal therapy for abdominal aortic aneu-
rysms (AAAs) was first reported by Parodi, et al.»
in 1991. Subsequently, large trials found that early
endovascular aneurysm repair (EVAR) provided better
outcomes than laparotomy,>? and EVAR became the
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standard treatment for AAAs. Outcomes with ruptured
AAAs (rAAAs), however, remain unsatisfactory because
patients are usually treated on an emergency basis and
their overall condition is poor, with many being in shock
and having hemodynamic instability and disturbed con-
sciousness. A 2002 meta-analysis found that the short-
term mortality rate among patients with TAAAs was
48% and that the survival rate had not improved in
20 years.?

The use of EVAR for rAAA repair was first reported
by Marin, et al.” in 1995. In 2000, Ohki, et al.® described
a series of 20 patients with rAAAs who underwent EVAR
and had a 30-day mortality rate of 10%. A 2008 systematic
review and meta-analysis by Mastracci, et al.” found that
EVAR for rAAAs was associated with a 21% mortality
rate. Their investigation also indicated the importance of
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a protocol-based approach to improving rAAA treatment
outcomes.

About 15 emergency operations for an rAAA are
performed at our institution each year. Approximately
half the patients treated have been transferred from
another hospital. Until December 2009, all rAAA repairs
involved laparotomy, performed according to a standard
conventional open surgery (COS) protocol. Thus, when
emergency room (ER) physicians suspected an rAAA
after an echographic or computed tomographic (CT)
evaluation, they called a surgeon. After all the surgical
instruments and anesthetic agents and equipment had
been prepared, the patient was transferred to the operat-
ing room (OR), where aortic clamping below the renal
artery or above the celiac artery was done, and a straight
graft (I-graft) was replaced. If the ER personnel deter-
mined that a patient was in shock, a thoracotomy in the
left side of the chest was accomplished immediately, the
descending aorta was clamped, and the patient was then
transferred to the OR for rAAA repair.

In 2010, we developed a new protocol for treating
patients with rAAAs: the Shonan ruptured abdominal
aortic aneurysm protocol (SRAP; Fig. 1). The protocol,
which is based on an EVAR-first approach and an algo-
rithm described by Mehta, et al.,¥ clearly specifies the
roles and responsibilities of the ER staff, on-call sur-
geon, anesthesiologists, OR staff, and radiology staff
(Table 1). It also provides detailed instructions for all
procedures, including patient transfers. Because the pri-
mary goal of development of the SRAP was to use EVAR
as the initial treatment for rAAAs in as many cases as
possible, our morphologic indications for EVAR were
less strict than those in the manufacturer’s instructions
for use (IFU) for the endoprosthesis employed. A
secondary aim of creation of the SRAP was to prioritize
patients’ transfer to the OR and thereby expedite the
progression from diagnosis to insertion of an aortic
occlusion balloon (AOB).

We describe a retrospective comparison between
short-term patient outcomes achieved with the SRAP
and those obtained with COS.

METHODS

All patients or their representatives provided informed
consent to use of the SRAP, which was approved by
both an in-house and an external institutional review
board. Under the SRAP, when ER physicians sus-
pected a rAAA after an initial echographic evaluation,
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Fig. 1 Shonan ruptured abdominal aortic aneurysm (rAAA) pro-
tocol (SRAP). The rupture set consists of 12F sheaths
(Ultimum Introducer; St Jude Medical, St Paul, Minne-
sota, USA); a 0.035-inch, 200-cm guide wire (Radifocus;
Terumo Europe, Leuven, Belgium); a 0.035-inch, 180-cm
Super stiff guide wire (Boston Scientific, Natick, Massa-
chusetts, USA); a 60-cm KMP catheter (COOK MEDI-
CAL, Bloomington, Indiana, USA); a 110-cm pigtail
catheter (COOK); and an aortic occlusion balloon (AOB)
(Reliant; Medtronic Vascular, Santa Rosa, California,
USA). CTA: computed tomographic angiography; OR:
operation room; EVAR: endovascular aneurysm repair

hemodynamically stable patients undergo CT angiogra-
phy (CTA) in the ER, whereas hemodynamically unstable
patients are taken to the OR immediately. In all patients,
percutaneous insertion of a 12F sheath (Ultimum Intro-
ducer; St Jude Medical, St Paul, Minnesota, USA) into
the femoral artery is performed, followed by insertion of
an AOB (Reliant; Medtronic Vascular, Santa Rosa, Cali-
fornia, USA). If the patient is hemodynamically unstable,
the balloon is inflated, and the aorta is occluded. If CTA
confirms that the morphologic features of the aneurysm
are suitable for EVAR, the patient is considered eligible
for this procedure. Under the SRAP, suitable morpho-
logic features are an aneurysm neck diameter of between
18 and 30 mm, a neck angulation of less than 90 degrees,
and a neck longer than 5 mm. An Excluder AAA Endo-
prosthesis (WL Gore & Associates, Flagstaff, Arizona,
USA) is used in all endovascular rAAA repairs. In hemo-
dynamically unstable patients in whom contralateral
cannulation would be difficult to achieve, an aortic
extender is used to occlude the contralateral leg (aorto-
uni-iliac [AUI] technique and femorofemoral [FF]

bypass).
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Table 1 Roles and clinical activities of staff members under the Shonan protocol for treatment of ruptured

abdominal aortic aneurysms

Staff Role

Clinical activities

ER staff

On-call surgeon
seamless patient transportation

OR staff Prepare for rapid admission of
patient to the OR

Radiology technician Prepare fluoroscope

Initial care Alert on-call surgeon
Prepare patient for transportation

Call vascular team Ensure quick,

Start venous line Initiate permissive hypotension Perform
CTA¢“Order transfusion components (10 units each of
PRBCs, FFP, and PCs)

Call anesthesiologist, OR staff, radiology technician
Register patient Obtain informed consent

Prepare rupture set and open-repair set

Turn on radiology equipment Set up power injector

“If the patient is hemodynamically stable. ER: emergency room; CTA: computed tomographic angioplasty; PRBCs: packed
red blood cells; FFP: fresh frozen plasma; PCs: platelet cells; OR: operating room

Table 2 Characteristics of patients in the two treatment groups

Characteristic”

COS group’ (n = 30)

SRAP group” (n =27)

Mean * SD age, years
Sex: Male/female
Renal insufficiency
Diabetes mellitus
Hypertension
Angina pectoris
Previous myocardial infarction
Cerebrovascular disease
Chronic obstructive pulmonary disease
Shock
Assessments of condition severity
Mean Glasgow aneurysm score
Mean Fitzgerald classification (scale, 1-4)
Mean Hardman index value (scale, 1-5)

782+ 10.1 77.0+10.2
26 (87)/4 (13) 22 (81)/5 (19)

10 (33) 4(15)
3(10) 5(19)

18 (60) 15 (56)

6 (20) 4(15)
3(10) 5(19)
0(0) 4(15)
13) 1(4)

15 (50) 11 (41)
92.1 89.4
2.5 2.6
2.7 2.1

“Data are shown as the number (%) or as indicated, *There were no significant differences
between groups except for the presence of cerebrovascular disease (P <0.05). COS: conventional
open surgery; SRAP: Shonan ruptured abdominal aortic aneurysm protocol

If the morphologic features of the aneurysm are
unsuitable for EVAR, the patient undergoes COS under
general anesthesia. During the operation, the aorta is
replaced while the bleeding is controlled with an AOB.
All patients who have an rAAA repair, regardless of
whether an endovascular or open approach is used, are
transferred to the intensive care unit after their proce-
dure.

In this study, patients who underwent EVAR under the
SRAP and those who had COS under the older protocol
were compared with respect to baseline characteristics,
operating time for rAAA repair, units of blood trans-
fused during the repair, intraoperative mortality rate,
in-hospital mortality rate, duration of hospital stay,
30-day mortality rate (primary endpoint), and cause of
postoperative death. The severity of the preoperative
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condition of all patients was assessed by using the
Glasgow aneurysm score,” the Fitzgerald classifica-
tion,'” and the Hardman index.') A t-test, chi-square
test, or Fisher exact test was used to compare variables in
the COS and SRAP groups. A P value of less than .05
was considered to represent a significant difference. All
statistical analyses used Microsoft Excel 2008 for Mac,
Version 12.3.3 (Microsoft, Redmond, Washington, USA).

RESuULTS

The study included the 57 patients with rAAAs treated
consecutively at our institution between January 2005
and March 2012. Thirty of these patients underwent COS
between January 2005 and December 2006. The other
27 had a procedure (24 EVAR and 3 open repairs) under
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Table 3 Operative and perioperative results in the two treatment groups

Variable“ COS group (n=30) SRAP group (n=27) P
Operating time, minutes 152 + 66 126 + 78 17
Blood transfused, units 37.4+£21.2 39.6 £28 .10
Intraoperative mortality 8(26.6) 2(5) <.05
In-hospital mortality 17 (56.6) 7(25.9) <.05
Hospital stay, days 47.5+42.8 273124 .06
30-Day mortality 13 (43.3) 5(18.5) <.05
30-Day mortality due to MOF 5(16.6) 3(1L.1) .36

2Continuous data are shown as the mean + SD; categoric data as number (%), *Two patients
had abdominal compartment syndrome. COS: conventional open surgery; SRAP: Shonan
ruptured abdominal aortic aneurysm protocol; MOF: multiple-organ failure

Table 4 Characteristics of the 24 EVAR procedures performed
under the SRAP

Characteristic No. (%) of cases
Preoperative CTA 22 (91.6)
Endovascular device used outside IFU guidelines 12 (50)*
Technical success 23 (95.8)"
Conversion to open surgery 0(0)
Basic procedure

Bifurcation 22 (91.6)

AUI + FF bypass 2(8.3)
Additional procedure

Aortic cuff 8(33.3)

Chimney 1(4.1)

ITA coil embolization 1(4.1)

Leg extension 7(29.1)

“All patients had a hostile aneurysm neck, *An aortic occlusion bal-
loon was used in one patient. EVAR: endovascular aneurysm repair;
SRAP: Shonan ruptured abdominal aortic aneurysm protocol; CTA:

computed tomographic angiography; IFU: instructions for use; AUIL:

aorto-uni-iliac technique; FF: femorofemoral; ITA: internal iliac

artery

the SRAP, between January 2010 and March 2012. The
three open repairs in the SRAP group were performed
because the morphologic features of the aneurysm neck
did not meet the criteria for EVAR specified in the proto-
col. Table 2 shows baseline characteristics of the patients
in the study. The only significant difference between the
COS and EVAR groups was the higher rate of cerebro-
vascular disease in the SRAP group (P <0.05). The results
of Glasgow aneurysm scoring indicated thatall 57 patients
were at high risk of death after open surgery for AAA.
Table 3 shows operative and perioperative data for the
two treatment groups. The 30-day mortality rate was
43.3% in the COS group (13 of 30 patients) and 18.5%
(5 of 27) in the SRAP group, with the difference being
significant (P <0.05). Moreover, compared with patients
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in the COS group, those in the SRAP group had signifi-
cantly lower rates of both intraoperative and in-hospital
mortality. There were no significant differences between
groups in operating time, units of blood transfused, dura-
tion of hospital stay, or deaths due to multiple-organ
failure (MOF).

Characteristics of the 24 EVAR procedures done
under the SRAP are shown in Table 4. Technical success
was achieved in all but one patient. The patient in whom
the endoprosthesis could not be placed was a 98-year-old
man who was in shock at arrival at our hospital. After
aortic cross-clamping with an AOB, he had a cardiac
arrest and died, despite cardiopulmonary resuscitation
attempts. In two patients, the AUI technique and FF bypass
were required because of hemodynamic instability. All
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12 patients in whom the endoprosthesis was used outside
the IFU guidelines had a hostile aneurysm neck, but the
neck did meet the morphologic criteria stipulated in the
SRAP. In two patients, preoperative CT scanning was not
feasible because the patients were hemodynamically
unstable, but images were obtained intraoperatively for
both. Seventeen of 24 patients who had undergone EVAR
had an additional procedure.

DiscussioN

Our findings suggest that the introduction of the SRAP
resulted in an improvement in early outcomes of a proce-
dure for treating rAAAs that is less invasive than COS.
Factors that probably contributed to the improvement
were careful patient selection according to morphologic
criteria and a multidisciplinary approach that expedited
the treatment process. Our study was not designed to
assess whether results achieved with EVAR of rAAAs
are superior to those with COS. A formal comparison
between EVAR and COS would require a randomized
study, but we believe that such a study would not be
ethically acceptable. However, a nonrandomized pro-
spective study might provide useful comparative data.

With the use of the SRAP at our institution, EVAR
could be accomplished in all but one case meeting the
basic criteria for an endovascular repair. The aneurysm
neck in an rAAA is often hostile because of the large
diameter of the aneurysm sac and the steep neck angle;
therefore, implantation of the endoprosthesis must be
tailored to the specific morphologic features of the neck.
We prefer to withdraw the floppy portion of the stiff wire
that reaches the tip of the delivery system and deploy the
device while pressing on the delivery system. We think
this method is the easiest to perform and the most appro-
priate for a hectic emergency situation. Others have
suggested bending the stiff wire.!>"'¥ Furthermore, to
facilitate a good fit between the rigid body of the endo-
prosthesis and a torturous neck, we implant the device
with the body in a lower position and add an aortic
extender. If large endoleak and hemodynamic instability
develop, however, conversion to open surgery becomes
unavoidable. Conversion in this situation is challenging
and requires extensive surgical experience.

The reduction in intraoperative mortality we observed
under the SRAP was probably due to minimization of
blood loss achieved by prompt aortic-cross cramping
with an AOB, which allowed patients to recover from
shock. We anticipated that maintenance of blood perfu-
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sion to the organs and prevention of coagulopathy would
reduce postoperative deaths from MOF, but the COS and
SRAP groups had a similar MOF-related mortality rate.
Our results, therefore, suggest that the introduction of
new techniques to mitigate the risk of MOF in patients
who have undergone rAAA repair will be a key factor in
increasing survival rate.

Abdominal compartment syndrome (ACS), a life-
threatening condition, has been found to be associated
with endovascular repair of rAAAs. Mehta, et al.'»
reported that the development of ACS is related to the
hemodynamics of the specific aneurysm and that patients
with ACS are more likely to have an increased activated
partial thromboplastin time and require an AOB and
massive transfusion. They also observed that the mortal-
ity rate among patients in whom ACS occurs after AAA
repair is significantly higher than that in patients who do
not have an onset of ACS (67% vs. 10%; P = 0.01).
Mehta, et al. recommended that intravesicular pressure
be monitored closely in patients who have undergone
endovascular rAAA repair and that decompressive lapa-
rotomy be performed promptly when the pressure
increases or worsening of ACS is observed. The SRAP
does not currently specify postoperative management
practices, but adding such specifications to future ver-
sions of the protocol may enhance its effectiveness in
improving rAAA treatment outcomes.

CONCLUSIONS

With the introduction of the SRAP, an EVAR-first
strategy for repairing rAAAs, intraoperative, in-hospital,
and 30-day mortality rates decreased in comparison with
rates associated with COS. Thus, the SRAP appears to be
useful when performed by EVAR experienced physician
in improving early outcomes of rAAA treatment. Midterm
and long-term results with the use of the SRAP remain to
be determined.
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