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ABSTRACT

Objectives. To describe the treatment outcomes of patients who underwent open repair of infrarenal abdominal
aortic aneurysm (AAA) and to determine the risk factors affecting morbidity and mortality.

Methods. Data were obtained from patients with infrarenal AAAs who underwent open surgical repair at the
University of the Philippines-Philippine General Hospital (UP-PGH) from January 2013 to October 31, 2023. These
patients’ demographic and clinical profile, and treatment outcomes were evaluated using frequencies and percentages.
Student’s t-test and chi-square test were used for the inferential analysis. Multivariable logistic regression analysis
was used to identify factors associated with in-hospital mortality and morbidity.
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Results. In this study, 131 patients underwent open
surgical repair of AAA. 82.4% of the patients were
males, and 45.8% were between 61-70 years old. The
majority of them had hypertension (81.4%) and were
smokers (75%). The mortality rate was 17.6%, while
the morbidity rate was 35.9%. For elective operations,
the mortality was 8.9%, and for ruptured aneurysms,
it was 56.5%. Eleven factors associated with mortality
included ruptured aneurysm (OR=11.5, 95%Cl=4.1 to
32.2), decreased hemoglobin (OR=1.1, 95%Cl=1.05 to
1.2), decreased hematocrit (OR=1.1, 95%Cl=1.06 to
1.4), emergency surgery (OR=10.3, 95%Cl=2.9 to 36.3),
higher volume of blood loss (OR=1.5, 95%CI=1.5 to 1.9),
higher red cell transfusion (OR=1.3, 95%Cl=1.1-1.5),
intraoperative cardiopulmonary (CP) arrest (OR=15.9,
95%Cl=1.6 to 159.2), need for multiple inotropes
(OR=2.7, 95%Cl=1.5-4.8), intraoperative hypotension
(OR=3.6, 95%Cl=1.4-9.7), juxta-renal location (OR=5.0,
95%Cl=1.2 to 10.0), and presence of any complication
(OR=5.7, 95%Cl=2.1-15.1). Seven factors associated
with morbidity included ruptured aneurysm (OR=3.9,
95%Cl=1.5 to 9.8), decreased preoperative hemoglobin
(OR=1.2, 95%Cl=1.1 to 1.4), decreased preoperative
hematocrit (OR=1.5, 95%Cl=1.1 to 1.7), elevated pre-
operative creatinine (OR=1.1, 95%CIl=1.06 to 1.9), higher
intra-operative blood loss (OR=1.4, 95%Cl=1.1 to 1.6),
higher red cell transfusion (OR=1.6, 95%Cl=1.3-2.1),

ACTA MEDICA PHILIPPINA 1



Abdominal Aortic Aneurysm

and preexisting chronic renal disease (OR=3.3,95%Cl=1.4
to 7.5). Other preoperative and intraoperative factors
did not show a significant association with mortality or
morbidity.

Conclusion. The open repair of an infrarenal AAA is
linked to high overall mortality (17.6%) and morbidity
(35.9%). The mortality rate for elective repair was
8.9%, but it significantly increased to 56.5% in cases of
ruptured aneurysms. Factors with very high Odds Ratio
such as emergency surgery, ruptured aneurysm, cardiac
arrests during surgery, complex juxtarenal anatomy, and
postoperative complications can lead to a high chance
of mortality. Healthcare professionals should be vigilant
and focus on early detection and repair of abdominal
aneurysms to prevent emergency surgery, rupture, and
mortality. It is crucial to prevent acute kidney injury,
acute respiratory failure, and pneumonia, as these are
common complications of open repair.

Keywords: Infrarenal abdominal aortic aneurysm, open
repair, morbidity and mortality

INTRODUCTION

Abdominal aortic aneurysm (AAA) is the permanent
dilatation of the abdominal aortic wall past its maximum
diameter of 230 mm." Aneurysms usually stem from the
gradual weakening of the arterial wall, often due to underlying
hypertension or atherosclerosis.? The pathogenesis of AAA
involves aortic vascular smooth muscle cell inflammation,
apoptosis, angiogenesis, oxidative stress, and vascular
remodeling.’

Progressive dilatation can lead to rupture, resulting in
bleeding and death if not identified and treated promptly.

Elective surgical repair is recommended when aneurysms
reach a critical size of 5.5 cm in diameter or exhibit a rapid
expansion rate (5 mm in 6 months), as the risk of rupture
outweighs the risk of surgery-related death.* Rupture of an
abdominal aortic aneurysm is a serious complication associated
with a high mortality rate. Despite ongoing advancements in
surgical technique and technology, mortality rates following
open surgical treatment of AAA have remained unchanged
for decades.”® With documented mortality rates ranging from
13-53%, open emergency repair of ruptured AAA has been
linked to poor surgical outcomes.”® Hence, early repair of
an AAA can increase these patients' chances of survival.

In the Philippines, the lack of health surveillance and
emergency center networking contributes to potentially
higher pre-hospital mortality from AAAs. The lack of
advanced resuscitation and monitoring equipment in end-
referral centers and the financial inability of some families to
afford intensive postoperative medical treatment may further
contribute to unfavorable patient outcomes.’

Several parameters impact morbidity, mortality, and
survival following open emergency repair for AAA. These
factors include patient-related factors (age, gender, co-
morbidities, and other preoperative clinical and biochemical
profile), factors related to the surgery (blood loss, operating
and cross-clamping time, urine output), and postoperative
complications.®®!" In the open repair of infrarenal AAA,
Li noted age, emergent surgery, chronic obstructive
pulmonary disease (COPD), history of cardiac dysfunction,
and aortic occlusion time to have a significant impact on
postoperative complications.'? A similar study by Kim found
that the duration of aortic cross-clamp, the volume of blood
transfusion during surgery, and vasopressor infusion during
clamp were risk factors.™

The present study aims to gather data on patients
undergoing open surgical repair of infrarenal AAAs at the
UP-PGH. Specifically, we aim to:1) describe the demographic
and clinical profile of these patients, 2) determine the
immediate outcomes of their treatment, and 3) identify
predictors of morbidity and mortality.

This research will help us identify predictors of poor
outcomes and modifiable risk factors, which can, in turn,
improve medical and surgical interventions, reduce morbidity
and mortality, and ultimately enhance patient outcomes.

METHODS

This retrospective cohort study involved a review of
patient medical records. The study included all adult patients
(age >18 years) admitted at the UP-PGH with infrarenal
AAA who underwent open repair between January 2013
and October 31, 2023. Patients were identified using the
Integrated Surgical Information System (ISIS) database of
the Department of Surgery, PGH Medical Records Section,
and the Philippine General Hospital's Computerized
Registry of Admissions and Discharges (RADISH).
Patients with juxta-renal AAA were included. Patients
with suprarenal and thoracoabdominal aortic aneurysms
and those who underwent Endovascular Aneurysm Repair
(EVAR) were excluded. One hundred fifty-four patients were
initially screened. Twenty-three patients were excluded due
to incomplete records. Data from the remaining one hundred
thirty-one patients were collected.

Demographic and preoperative clinical data were
collected, such as age, sex, chief complaint, type of surgery
- emergency or elective, aneurysm diameter, aneurysm type -
fusiform or saccular, ruptured, co-morbidities (hypertension,
diabetes mellitus, stroke, coronary artery disease, smoking,
COPD, COVID history, renal disease), preoperative blood
tests that check renal function, hemoglobin, hematocrit, and
vital signs (preoperative systolic blood pressure, heart rate,
consciousness level).

Intraoperative patient data were collected, such as the
duration of the operation, blood loss, hypotension, trans-
fusion, inotrope use, intraoperative CP arrest, aortic cross-
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clamp time, aortic aneurysm anatomy (infrarenal/juxta-
renal), and the type of graft used - straight or bifurcated.

Postoperative patient data collected were complications
(pulmonary complications, acute kidney injury, chronic kidney
injury, myocardial infarction, bleeding, multiple organ failure,
sepsis, surgical reintervention, stroke, and others), length of
hospital stay, and in-hospital mortality.

'The data were evaluated using frequencies and percent-
ages. Descriptive statistics summarized the demographic,
clinical profile, and outcomes. The clinical outcomes observed
were subjected to univariate data analysis and were reported as
frequency, mean, median, and standard deviation. Continuous
variables (e.g., preoperative blood tests, vital signs, length of
hospital stay) were expressed as mean + SD, while categorical
variables (e.g., age, sex, complications, mortality) were
summarized as counts and percentages. For the inferential
analysis, Student’s t-test and Chi-square test were used.
Logistic regression was used to identify factors associated
with in-hospital mortality and morbidity. All analyses were
done using Statistical Package for the Social Sciences (SPSS)
version 19 and were evaluated at alpha 0.05.

Patients’ data were made anonymous by assigning a code.
'The University of the Philippines Manila Research Ethics
Board approved the study protocol.

RESULTS

Between January 2013 and October 31, 2023, 131
patients admitted to the UP-PGH with infrarenal AAA
and who underwent open repair were included in the study.
'The demographic profile of the patients is presented in Table
1. Most patients were males (82.4%), and almost half were
aged 61-70 years (45.8%). Additionally, the majority of the
patients were hypertensive (81.4%), and 75% were smokers.
More than half of the smokers (61.8%) have been smoking for
more than 15 pack years. In addition, 25.6% of patients also
presented with co-existing renal disease. The most common
chief complaint was abdominal pain (69.5%), while others
presented with referred pain in the back, hypogastric area,
or flank (20.6%).

Table 2 describes the patients’ preoperative characteristics
and their association with mortality. The overall mortality
rate after AAA’s open surgical repair was 17.6% (23/131).
'The mortality rate is significantly higher among those with
ruptured aneurysm (56.5%, 13/23) (p<0.001). For elective
surgery, the mortality was 8.9% (4/45). Mean hemoglobin
count was significantly lower among those who did not survive
(98.9 g/L) compared to those who survived (120.2) (p<0.001).
Likewise, the mean hematocrit count was also significantly
lower among those who did not survive (30.2%) than those
who survived (36.2%) (p=0.001). The mean base excess was
also significantly lower among non-survivors (-6.1 vs -2.1)
(p=0.017). Likewise, a higher mean pre-operative cardiac rate
was found among those who could not survive (86.9 vs 78.8

bpm) (p=0.026). The patients were further classified based

Abdominal Aortic Aneurysm

Table 1. Demographic Profile and Clinical Presentation of
Patients Who Underwent Open Surgical Repair

Number (n=131) Percentage (%)

Gender
Male 108 82.4
Female 23 17.6
Age (years)
<50 4 3.0
51-60 16 12.2
61-70 60 45.8
71-80 47 35.9
>80 4 3.0
Co-morbidities
Smoker 96 75.0
>15 Pack years 81 61.8
Hypertension 105 814
COPD 17 13.2
Previous stroke 10 7.8
Diabetes mellitus 18 13.9
Ischemic heart disease 22 17.2
Renal disease 33 25.6
Takayasu disease 2 1.5
COVID Positive 0 0.0
Chief complaint
Abdominal mass 21 16.0
Abdominal pain 91 69.5
Others 27 20.6

on the timing of the surgery performed: Elective if they have
aneurysms >5.5 c¢m in widest diameter, have signs of rapid
aneurysm expansion (>1 cm per year), and with occasional
abdominal pain; Urgent for those who have characteristics
of impending rupture such as pain in the back or flank, or
persistent abdominal pain; and Emergency for those who had
signs of aneurysm rupture on imaging and those presenting
with hemodynamic instability. Almost half of the cases were
performed as Urgent (44.3%), while 21.4% were done as
Emergency. Of these, there were significantly more patients
who did not survive after an emergency surgery (60.9%,
14/23) compared to those who had an elective (17%, 4/23) or
urgent surgery (21.7%, 5/23) (p<0.001). Other factors such as
age, sex, chief complaint, aneurysm diameter, comorbidities,
pre-operative vital signs, and level of consciousness did not
show a significant association with mortality.

'The survival rate during surgery was affected by several
factors, as detailed in Table 3. The average blood loss during
surgery was significantly higher for those who did not survive
(3.8 liters) compared to those who did (1.9 liters) (p<0.001).
Similarly, the average number of units of red blood cells
transfused was significantly higher for non-survivors (5.3
units) than for survivors (3.0 units) (p=0.002). Moreover,
experiencing intra-operative hypotension (45.5%) (p<0.012),
requiring at least two inotropes (50%) (p<0.001), and
suffering from cardiopulmonary arrest (13%) (p=0.017) were
all associated with increased mortality. A more significant
percentage of patients with juxta-renal aortic aneurysms
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did not survive (21.7%, 5/23) (p=0.023). On the other hand,
patients who had an aortic replacement using a bifurcated
Dacron graft had a significantly higher survival rate at 84.6%
(p=0.026). However, the duration of surgery and aortic cross-
clamping did not significantly impact survival.

In general, the presence of any complication was found
to be linked to a mortality rate of 69.6% (16/23) (p<0.001).
Specifically, Table 4 shows that the following post-operative
complications have a negative impact on the survival of

patients after open surgical repair of AAA (p<0.001): re-

Table 2. Relationship between Preoperative Characteristics and Mortality of Patients who Underwent Open Surgical Repair

Survivors
n=108 (82.4%)

Characteristics

Non-survivors
n=23 (17.6%)

95% Confidence

Odds Ratio
Interval

P value P value

Age (years), n (%) 0.339 1.5 0.8-2.6 0.204
<50 3(2.8) 1(4.3)
51-60 14 (13.0) 2(8.7)
61-70 52(48.2) 8(34.8)
71-80 37(34.3) 10 (43.5)
>80 2(1.8) 2(8.7)
Sex, n (%) 0.784 0.600
Male 89 (82.4) 19 (82.6) 0.5 0.03-10.1
Female 19 (17.6) 4(17.4) 2.1 0.1-29.6
Chief complaint, n (%) 0.097 0.353
Abdominal mass 19 (17.6) 2(8.7) 1.2 0.6-3.2
Abdominal pain 70 (64.8) 21(91.3) 0.3 0.1-2.6
Others 26(24.1) 1(4.3) 0.6 0.1-3.3
Urgency of surgery
Elective 41(38.0) 4(17.4) <0.001 0.1 0.03-0.34 <0.001
Urgent 53(49.1) 5(21.7) 1.0 0.24-3.8 0.962
Emergency 14 (13.0) 14 (60.9) 10.3 2.9-36.3 <0.001
Aneurysm diameter (cm), n (%) 0.772 1.0 0.6-1.3 0.963
<55 31(31.0) 7 (30.4)
5.5-6 14 (14.0) 2(8.7)
6.1-6.5 13 (13.0) 1(4.3)
6.6-7 12 (12.0) 3(13.0)
7.1-7.5 7(7.0) 2(8.7)
>7.5 23(23.0) 8(34.8)
Aortic aneurysm type, n (%) 0.211
Fusiform 66 (79.5) 11 (64.7)
Saccular 17 (20.5) 6(35.3)
Ruptured aneurysm, n (%) 11 (10.2) 13 (56.5) <0.001 11.5 4.1-32.2 <0.001
Co-morbidities, n (%)
Hypertension 86 (80.4) 19 (86.4) 0.511 1.2 0.1-10.6 0.895
Diabetes mellitus 14 (13.1) 4(18.2) 0.530 0.6 0.05-10.2 0.823
Coronary artery disease 17 (16.0) 5(22.7) 0.449 1.6 0.2-12.0 0.632
Previous stroke 10 (9.4) 0(0.0) 0.133 1.3 0.1-11.6 0.921
COPD 14 (13.1) 3(13.6) 1.000 6.3 0.2-189.9 0.286
Smoking (>15 pack years) 67(62.0) 10 (43.5) 1.000 0.8 0.1-10.2 0.862
Renal disease 28(26.2) 5(22.7) 0.736 0.2 0.02-2.0 0.180
Takayasu disease 2(1.9) 0(0.0) 1.000
COVID Positive 0(0.0) 0(0.0) n/a
Pre-operative blood tests (mean + SD)
Hemoglobin (g/L) 120.2 +19.6 98.9 +26.1 <0.0001 1.1 1.05-1.2 <0.001
Hematocrit (%) 36.2+7.5 30.2+8.1 0.001 1.1 1.06-1.4 <0.001
Creatinine (mmol/L) 138.3+ 154 1824 +72.3 0.188 1.6 0.2-13.0 0.531
Base excess -20+4.2 -6.1+45 0.017 0.3 0.03-10.3 0.833
Vital signs (mean + SD)
Highest preoperative SBP (mm Hg) 126.8 +19.5 121.6 +26.0 0.268 0.5 0.03-10.2 0.632
Pre-operative cardiac rate (bpm) 78.8+15.2 86.9 +18.2 0.026 0.6 0.05-9.6 0.658
Level of consciousness (GCS), n (%) 0.662 0.9 0.5-1.6 0.653
11 3(2.8) 1(4.5)
15 105 (97.2) 21 (95.5)
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Table 3. Table 3. Relationship between Intraoperative Characteristics and Mortality of Patients who Underwent Open Surgical

Repair of Abdominal Aortic Aneurysm

Survivors

Characteristics n=108 (82.4)

Non-survivors

95% Confidence

P value
Interval

Odds Ratio P value

n=23 (17.6)

Duration of operation (hours), n (%) 0.165 2.3 0.1-6.5 0.386
<4 29 (26.8) 7 (31.8)
4-5 42 (38.9) 4(18.2)
>5 37 (34.3) 11 (50.0)
Intraoperative blood loss (L) (mean + SD) 1.9+14 3.8+48 <0.001 1.5 1.2-1.9 0.001
Intraoperative hypotension, n (%) 19 (18.6) 10 (45.5) 0.012 3.6 1.4-9.7 0.009
Red cell transfusion (units) (mean + SD) 3.0+21 53+38 0.002 1.3 1.1-1.5 0.002
Inotrope use, n (%) <0.001 2.7 1.5-4.8 0.001
0 48 (46.6) 4(18.2)
1 41 (39.8) 6(27.3)
2 11 (10.7) 11 (50.0)
3 3(2.9) 1(4.5)
Intraoperative cardiopulmonary (CP) arrest, n (%) 1(0.9) 3(13.0) 0.017 15.9 1.6-159.2 0.019
Aortic cross-clamp time (min) (mean + SD) 1.2+0.7 1.3+0.7 0.721 0.3 0.2-3.9 0.362
Aortic aneurysm anatomy, n (%) 0.023 0.016
Infrarenal 99 (93.4) 18 (78.3) 0.2 0.1-0.83
Juxtarenal 7 (6.6) 5(21.7) 5.0 1.2-10.0
Graft type, n (%) 0.026 0.220
Straight 16 (15.4) 8 (40.0) 5.0 0.5-33.3
Bifurcated 88 (84.6) 12 (60.0) 0.2 0.03-1.8

Table 4. Relationship between Postoperative Characteristics and Mortality of Patients who

Underwent Open Surgical Repair

Characteristics

Non-survivors
n=23 (17.6)

Survivors

n=108 (82.4) Prealie

Complications, n (%)

Any complication 31(28.7) 16 (69.6) <0.001
Reoperation 4(3.7) 7 (30.4) <0.001
Chronic kidney disease requiring hemodialysis 5(4.7) 7 (30.4) <0.001
Chronic kidney disease not requiring hemodialysis 3(2.3) 0(0.0) 1.000
Acute kidney injury 14 (13.2) 13 (57.0) <0.001
Acute respiratory failure 3(2.8) 9(39.1) <0.001
Pneumonia 13(12.3) 10 (43.5) <0.001
Upper Gl bleeding 3(2.8) 0(0.0) 1.000
Length of hospital stay (days), (mean + SD)
Preoperative 59+79 45+9.1 0.452
Postoperative 83+56 9.0+87 0.629

operation (30.4%), chronic kidney disease requiring hemo-
dialysis (30.4%), acute kidney injury (57.0%), acute respiratory
failure (39.1%), and pneumonia (43.5%). Meanwhile, the
length of hospital stay did not significantly impact survival.
Factors contributing to morbidity after surgical repair
of AAA were also considered in Table 5. Among the pre-
operative characteristics, ruptured aneurysm is significantly
linked to the occurrence of perioperative complications
(31.9%, 15/47) (p<0.004). Those with pre-existing renal
disease (40.4%, 19/47) (p=0.003) and elevated creatinine
(193.7 mmol/L vs 118.2 mmol/L) (p=0.005) also significantly
experienced perioperative complications. In addition, those
with a low mean hemoglobin count (108 g/L vs 121 g/L)

(p=0.002) were more predisposed to have complications.

Meanwhile, preoperative aneurysm size, aneurysm type, and
urgency of surgery did not have a significant association with
the incidence of complications.

In Table 6, the intraoperative factors associated with
morbidity are presented. A higher average intraoperative
blood loss of 2.9 liters (p=0.041) and a higher red cell
transfusion (average 4.9 units PRBC transfused) (p<0.001)
were found to be linked to morbidity. However, the duration
of surgery, presence of intraoperative hypotension, inotrope
use, intraoperative CP arrest, cross-clamp time, aneurysm
location, and type of graft used were not associated with the
occurrence of complications.

Based on further analysis, the eleven factors significantly
predisposing patients who underwent open surgical repair of
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AAA to mortality are as follows (Table 7): ruptured aneurysm
(OR=11.5, 95%CI=4.1 to 32.2), decreased hemoglobin
(OR=1.1, 95%CI=1.05 to 1.2), decreased hematocrit
(OR=1.1,95%CI=1.06 to 1.4), emergency surgery (OR=10.3,
95%CI=2.9 to 36.3), higher volume of blood loss (OR=1.5,
95%CI=1.5 to 1.9), greater units of red cell transfusion

(OR=1.3, 95%CI=1.1-1.5), intra-operative cardiopulmonary
(CP) arrest (OR=15.9, 95%CI=1.6 to 159.2), need for
2-3 inotropes (OR=2.7, 95%CI=1.5-4.8), intraoperative
hypotension (OR=3.6, 95%CI=1.4-9.7), juxta-renal location
of the aneurysm (OR=5.0, 95%CI=1.2 to 10.0), and presence
of any complication (OR=5.7, 95%CI=2.1-15.1).

Table 5. Relationship between Preoperative Characteristics and Morbidity of Patients who Underwent Open Surgical Repair

Without complication

n=84 (64.1)

With complication

Odds
Ratio

95% Confidence

P value P value
Interval

n=47 (35.9)

Age (years), n (%) 0.426 0.8 0.5-1.2 0.257
<50 1(1.2) 3(6.4)
51-60 10(11.9) 6(12.8)
61-70 38(45.2) 22 (46.8)
71-80 33(39.3) 14 (29.8)
>80 2(2.4) 2(4.3)
Sex, n (%) 0.812 0.545
Male 70 (83.3) 38 (80.8) 0.2 0.02-10.3
Female 14 (16.7) 9(19.2) 4.1 0.1-47.7
Chief complaint, n (%) 0.150 0.424
Abdominal mass 15(14.2) 7 (14.6) 1.4 0.7-4.3
Abdominal pain 55(51.9) 32(66.7) 0.4 0.1-4.7
Others 36 (34.0) 9(18.8) 0.7 0.1-4.5
Urgency of surgery 0.102
Elective 28(33.3) 17 (36.2) 0.5 0.2-1.2 0.109
Urgent 44 (52.4) 14 (29.8) 0.5 0.2-1.2 0.137
Emergency 12 (14.3) 16 (34.0) 2.2 0.8-5.7 0.109
Aneurysm diameter (cm), n (%) 0.831 1.1 0.9-1.3 0.293
<55 27 (33.8) 11 (25.6)
5.5-6 10(12.5) 6(13.9)
6.1-6.5 9(11.2) 5(11.6)
6.6-7 11(13.8) 4(9.3)
7.1-7.5 5(6.3) 4(9.3)
>7.5 18 (22.5) 13(30.2)
Aortic aneurysm type, n (%) 0.614
Fusiform 53(79.1) 24(72.7)
Saccular 14 (20.9) 9(27.3)
Ruptured aneurysm, n (%) 9 (10.7) 15(31.9) 0.004 3.9 1.5-9.8 0.004
Co-morbidities, n (%)
Hypertension 64 (78.1) 41(87.2) 0.244 14 0.1-10.7 0.775
Diabetes mellitus 13(15.8) 5(10.6) 0.411 0.7 0.05-11.4 0.731
Coronary artery disease 12 (14.8) 10(21.3) 0.466 1.5 0.4-13.0 0.725
Previous stroke 6(7.5) 4 (8.6) 1.000 1.4 0.1-11.7 0.741
COPD 12 (14.6) 5(10.6) 0.598 7.4 0.4-125.7 0.477
Smoking (>15 pack years) 55 (65.5) 22 (55.3) 0.266 0.8 0.1-10.4 0.744
Renal disease 14 (17.1) 19 (40.4) 0.003 3.3 1.4-7.5 0.004
COVID Positive 0(0.0) 0(0.0) n/a
Pre-operative blood tests (mean + SD)
Hemoglobin (g/L) 121 £ 20.7 108 £22.8 0.002 1.2 1.1-14 0.003
Hematocrit (%) 36.2+8.3 33.3+6.9 0.059 1.5 1.1-1.7 0.002
Creatinine (mmol/L) 118.2 +83.9 193.7 £ 208.2 0.005 1.1 1.06-1.9 0.025
Base excess -2+42 -4+47 0.159 0.4 0.04-10.4 0.744
Vital signs (mean + SD)
Highest preoperative SBP (mm Hg) 126.3+17.9 125.9 £ 245 0.703 0.5 0.04-10.4 0.744
Preoperative cardiac rate (bpm) 79.1+14.1 82.1+19.0 0.314 0.7 0.05-7.7 0.757
Level of consciousness (GCS), n (%) 0.107 1.0 0.9-1.03 0.312
11 0(0.0) 4 (8.5)
15 83 (100.0) 43 (91.5)
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Table 6. Relationship between Intraoperative Characteristics and Morbidity of Patients who Underwent Open Surgical Repair

Without complication

With complication Odds 95% Confidence

Characteristics n=84 (64.1) n=47 (35.9) P value Ratio Interval P value

Duration of operation (hours), n (%) 0.314 4.4 0.1-7.5 0.477

<4 26 (30.9) 10(21.7)

4-5 26 (30.9) 20 (43.5)

>5 32(38.1) 16 (34.8)
Intraoperative blood loss (L) (mean + SD) 20+14 29+33 0.041 1.4 1.1-1.7 0.041
Intraoperative hypotension, n (%) 18 (23.1) 11 (23.9) 0.915 0.7 0.4-4.4 0.545
Red cell transfusion (units) (mean + SD) 25+1.8 49+32 <0.001 1.6 1.3-2.1 <0.001
Inotrope use, n (%) 0.078 1.4 0.4-4.7 0.744

0 35 (44.3) 17 (37.0)

1 33(41.8) 14 (30.4)

2 10(12.7) 12 (26.1)

3 1(1.3) 3(6.5)
Intraoperative cardiopulmonary (CP) arrest, n (%) 3(3.7) 1(2.1) 1.000 11.7 0.7-32.5 0.145
Aortic cross-clamp time (min) (mean + SD) 1.1 +0.67 1.3+£0.6 0.781 0.5 0.3-5.1 0.489
Aortic aneurysm location, n (%) 1.000 0.481

Infrarenal 74 (90.2) 43 (91.5) 0.4 0.01-4.7

Juxtarenal 8(9.8) 4 (8.5) 2.5 0.2-100.4
Graft type, n (%) 0.481 0.432

Straight 14 (17.5) 10(22.7) 2.5 0.7-25.0

Bifurcated 66 (82.5) 34 (77.3) 0.4 0.04-1.7

Table 7. Summary of Factors that Predispose Patients who Underwent Open Surgical Repair to Mortality

(Final Regression Model)

Mortality rate =~ Odds Ratio 95% Confidence Interval P value

Ruptured Aneurysm 13 (56.5) 11.5 4.1-32.2 <0.001
Preoperative blood tests *

Decrease in hemoglobin 98.9 £ 26.1 11 1.05-1.2 <0.001

Decrease in hematocrit 30.2+8.1 1.1 1.06-1.4 <0.001
Urgency of surgery

Elective 4(17.4) 0.1 0.03-0.34 <0.001

Emergency 14 (60.9) 10.3 2.9-36.3 <0.001
Higher intraoperative blood loss* 3.8+438 1.5 1.2-1.9 0.001
Intraoperative hypotension 10 (34.5) 3.6 1.4-9.7 0.009
Need for higher red cell transfusion* 5.3+38 1.3 1.1-1.5 0.002
Need for 2-3 inotropes 12 (46.0) 2.7 1.5-4.8 0.001
Intraoperative CP arrest 3(75.0) 15.9 1.6-159.2 0.019
Aortic aneurysm anatomy

Infrarenal 18 (13.6) 0.2 0.1-0.83 0.016

Juxtarenal 5(41.7) 5.0 1.2-10.0
Any Complication 16 (33.3) 5.7 2.1-15.1 0.001

*Not categorical variable, so frequencies cannot be computed.

Table 8 indicates that a ruptured aneurysm, coexisting
renal disease, pre-operative decrease in hemoglobin and
hematocrit, high creatinine, high intraoperative blood loss,
and high red blood cell transfusion are predictors of morbidity
in patients undergoing open surgical repair of AAA.

DISCUSSION

Asymptomatic aneurysm 25.5 cm, quickly expanding
(>10 mm/year) or symptomatic, should receive definitive

treatment.™ These patients should undergo elective repair
if the risk of rupture outweighs the risks from surgery.
Patients with small AAA, at low risk of rupture, are
generally monitored through surveillance imaging.”® Quitting
smoking, managing comorbidities affecting the cardio-
vascular system, and engaging in moderate physical exercise
are all non-surgical treatments that may slow the disease's
progression.™

The short-term mortality associated with the elective
repair of infrarenal aortic aneurysms has decreased steadily
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Table 8. Summary of Factors that Predispose Patients who Underwent Open Surgical Repair to Morbidity

(Final Regression Model)

Morbidity rate  Odds Ratio 95% Confidence Interval P value
Ruptured Aneurysm 15(20.8) 3.9 1.5-9.8 0.004
Co-morbidities
Renal disease 10 (57.6) 3.3 1.4-7.5 0.004
Pre-operative blood tests*
Decrease in hemoglobin 108 + 22.6 1.2 1.1-14 0.003
Decrease in hematocrit 33.5%£6.9 15 1.1-1.7 0.002
Increase in creatinine 193.7 + 208.2 11 1.06-1.9 0.025
Higher intraoperative blood loss * 29+33 14 1.1-1.6 0.041
Need for higher red cell transfusion * 49 +3.2 1.6 1.3-2.1 <0.001

*Not categorical variable, so frequencies cannot be computed.

over the past several years. These improvements result from
surgical technique, anesthesia, and critical care advancements.'

However, despite advancements in diagnosis and
surgical techniques, mortality with open surgical repair of
ruptured abdominal AAA remains high. Previous studies
have shown variable mortality rates ranging from 13.0% to
53.0%.7* Hammo reported that ruptured aneurysm predicted
mortality in open surgical repair.!” Our study showed that
over the past ten years, the overall mortality rate after open
repair of AAA is at 17.6%. This mortality rate was slightly
higher compared to the earlier study done in the same
institution (UP-PGH) by Nicolas in 2000, which reported
an overall mortality rate of 10.4% and included 222 patients.'®

Gabitoya reported an overall mortality rate of 16.59%
for abdominal aortic aneurysms at the Philippine Heart
Center.” Other studies have reported mortality rates of

22.9-380.17,20.21
Predictors of Outcomes in our Study
Demographic Data

Age and Gender

The incidence of abdominal aortic aneurysm rises with
increasing age. In our study, most of the patients belonged to
the 61-70-year-old age group and were predominantly males.
'This finding is similar to another local study wherein the
mean age of the population is 65 years old, and the majority
are males (78.91%)."® Siracuse also reported that males
comprise 76.2% of their study population, and the mean age
is 72. They also reported that advanced age predicts 30-day
mortality.* Markovic had a similar population comprising
primarily males. His study was divided into group A (patients
in 1991-2001), having a mean age of 72 years, which also
did not influence mortality, but in group B (2002-2011), the
mean age was 69.2 years. Those younger than 73 years old
showed significantly better outcomes.”> Hammo found out
in their study that females are at a higher risk of mortality
within 48 hours after the repair of ruptured AAA.Y

In the study by Barakat, an increase in age also increases
mortality.” Similarly, in Kim’s study, an increase in age was
associated with increased complications.’

On the contrary, age and gender did not significantly
correlate with morbidity and mortality after open surgical
repair in our study.

Comorbidities

The most common co-existing medical conditions seen
in our study were hypertension (81.5%), smoking (75%),
and renal disease (25.6%). Similarly, another local study by
Gabitoya also found hypertension and smoking as the most
common comorbidities."’

According to the previous local study of Nicolas,
COPD, the need for emergency surgery, diabetes mellitus,
hypertension, and smoking history were all risk factors
connected to morbidity. Several variables increased overall
mortality, including the need for emergent surgery, rupture,
COPD, ischemic heart disease, smoking, a size of more than
5.0 centimeters, and a history of myocardial infarction.'®

Among the comorbidities identified in our study, only
pre-existing renal disease increases the odds of morbidity
(OR 3.3, p<0.004). This finding is similar to the findings
of Law and Markovic, which correlated preexisting renal
disease with mortality.”*** While other studies may have
reported that advanced age, hypertension, and smoking are
linked to mortality, this association was not found in our
study. Although Nicolas observed COPD and myocardial
infarction to be predictors of mortality’®; these comorbidities
were no longer observed to be so in our recent study.

Risk factors predicting postoperative complications
after an open infrarenal AAA repair were also determined
in a vascular center in China. Age was identified as one of
the risk factors for postoperative complications in the study.
Age was associated with a higher prevalence of diabetes, heart
disease, and renal impairment among patients aged 65 and
older. In addition, COPD, history of cardiac dysfunction, and
the aortic occlusion time substantially affect postoperative
complications following open repair.'?
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Pre-operative Characteristics

Aneurysm Size, Type, and Rupture

While most of the complications and deaths in our
study occurred when the aneurysm was >7.5 cm and was
of a fusiform type, Gabitoya likewise reported an average
aneurysm size of 7.08 + 1.57 cm and is primarily fusiform
(81.09%).” Both factors, however, did not predict morbidity
and mortality in our study. The mean aneurysm size was 6.5
cm in the study of Law?', while it was 7.25 ¢cm and 7.96 cm
(for groups A and B, respectively) in Markovic’s study.®
In both studies, aneurysm size was also not predictive of
mortality.*** This is in contrast to the study of Nicolas from
1980-1998, which reported an aneurysm size of more than
5 cm to be predictive of mortality.’® The greatest diameter
of AAA at the time of surgery is similarly associated with
reduced 5-year survival.!®* Both factors, size, and type, did
not predict morbidity and mortality in our study.

More importantly, in our study, mortality was highest
when the aneurysm was ruptured (56.5%, OR 11.5, p<0.001).
The incidence of complication also significantly rises
with a ruptured aneurysm (31.9%, OR 3.9, p<0.004). In a
previous study by Bautista in the same institution in 2013,
the mortality for ruptured aneurysm was 50%.” We further
analyzed our study population based on the urgency of surgery.

Urgency of Surgery

Surgeries were further classified as Emergency, Urgent,
or Elective based on the earlier definition. In elective open
repair, reported mortality rates are as low as 0% to 3.1%,
whereas emergency surgeries have a mortality rate of
7.2%.2%%7 In our center, mortality after elective surgery is
slightly higher at 8.9%, which rises to 50% after emergency
repairs. In the same way, our morbidity rate was also highest
in those who underwent emergency surgeries. These findings
are consistent with Nicolas’ earlier study.'® Lieberg reported a
0.9% 30-day mortality and 2.6% 90-day mortality in elective
repairs. Meanwhile, after five years, the reported mortality
increased to 32%, which was independently associated with
older age and higher preoperative creatinine levels.”® While
the number of emergency surgeries performed is the same
as in other centers, more urgent surgeries were performed in
our center, accounting for lower elective surgeries.?* The lack
of a standardized local screening approach that should have
allowed earlier detection and treatment of aortic aneurysms
could have reduced this incidence. While our center caters
to many aortic diseases, an aortic center that shall promptly
and effectively manage these cases is yet to be established.
Access to high-volume institutions still needs to be improved.
Hence, aortic aneurysms were likely to be diagnosed
only when there are persistent symptoms, or worse, when
already ruptured, explaining the higher number of urgent
and emergency surgeries performed compared to elective.
Nonetheless, the relatively low mortality rates, especially in
elective aortic surgery in the study of Law, were attributed to
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short travel time to the hospital and outstanding anesthetic
and intensive care in their institution.?

In astudy on the Koreans, Kim also noted that emergency
operation is an independent risk factor for postoperative
complications.’

Laboratory Parameters

In our study, preoperative blood tests showing low
hemoglobin and hematocrit were attributed to morbidity
and mortality after open surgical repair of AAA. In the
study of Lieberg, they reported that 22.9% 30-day mortality
in ruptured AAA was associated with low hemoglobin and
high lactate levels.*® Conversely, Law and Markovic found
no significant association between mortality and hemoglobin
and hematocrit levels.?>?*

Base excess was also found to be significantly higher
among those who died (BE -6.1, p<0.017), but this did not
increase the odds of morbidity and mortality in our study,
even in other studies.?

Elevated creatinine (193.7 mmol/L) was also a
predisposing factor to morbidity in our study (p=0.025)
but was not correlated with mortality. Markovic also found
a significant link between renal malfunction and mortality,
with preoperative creatinine levels that are slightly lower in
comparison to our study (185.7 umol/L in Group A and
163.22 umol/L in Group B) among those who died post-
operatively (p<0.01, p<0.001).

Intra-operative Characteristics

Intra-operative Blood Loss and Blood Transfusion

In our study, a significant association with mortality was
seen at 3.8 liters of blood loss, while complications were seen
at 2.9 liters of blood loss. Similarly, Markovic found that
significant bleeding favored a lethal outcome, with a blood
loss of 5.29 liters (Group A) and 4.78 liters (Group B) among
those who did not survive (p<0.005, p<0.01).? Uchida also
noted that intraoperative blood loss was an independent risk
factor for surgical death.® At 4.9 units of PRBC transfused,
the risk for complication increased significantly, while at
5.3 units of PRBC transfused, the mortality risk increased
in our study. This observation is similar to Kim's, where the
blood transfusion volume is an independent risk for post-
operative complications.” While other studies have already
included autologous blood transfusion as part of their
protocol for ruptured abdominal aortic aneurysms, this was
not yet consistently observed in our center, especially during

the earlier half of the study.

Hypotension, Inotrope Use, and Cardiopulmonary
Arrest

The of intra-operative hypotension,
cardiopulmonary arrest, and the need for multiple inotropes
were attributed to mortality and morbidity after open surgical
AAA repair in our study. This situation may reflect an extreme

occurrence
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hypovolemic shock condition, mainly from ruptured AAA
with massive blood loss.

Robinson utilized a risk scoring system to predict
mortality after the open repair of ruptured AAA. In-hospital
mortality is at 38%, and it was found that preoperative
cardiac arrest is significantly attributable to death.?!

The time lag between the onset of the symptoms and the
presence of a fully developed shock was a significant predictor
of mortality. Scarcello showed that the prognosis of patients
with rapid onset of shock was worse than that of patients
with delayed onset. Their findings suggest that a time lag
of fewer than 10 hours has a short compensatory stage and
immediately reaches the stage of organ hypoperfusion.?’

Kim also noted that vasopressor infusion needed
during aortic clamping was an independent risk factor for
postoperative complications.” This situation may reflect a
patient who is in a worse state of hypovolemic shock.

Aneurysm Location

In our study, the complex nature of juxta-renal aneurysms
has been linked to higher mortality (OR 5.0, p=0.016) but not
to increased morbidity. A juxta-renal aneurysm has its neck
very close to the renal arteries. Fixing this type of AAA is
more technically challenging regarding the application of the
aortic cross-clamp and suturing of the graft to the proximal
neck of the native aorta. Our result regarding juxta-renal
AAA is contrary to the findings of van Beek in their study
of open repair of ruptured AAA that there was no difference
in complication rate, length of hospital and ICU stay, and
amount of perioperative blood loss based on whether the
aneurysm had a friendly anatomy or a hostile neck.*

Operative Time, Aortic Cross-clamp Time, and Graft
Type

Our study found no correlation between the duration
of surgery and cross-clamping and morbidity and mortality
rates. Law also discovered in their study that although a
ruptured AAA increased the mean cross-clamp time, it did
not significantly prolong the operative time and, therefore,
is not predictive of mortality.** Additionally, the type of
aortic reconstruction, whether straight or bifurcated grafts
are used, had no impact on survival in our study. Similar
findings were reported by Markovi¢, who found that the kind
of reconstruction (straight or bifurcated) and cross-clamp
time did not influence survival but that infrarenal clamping
favored better survival. Furthermore, they noted that a longer
total operative time predicted a lethal outcome and observed
a 0.5% risk for every additional minute of operative time.
Kim, however, noted that the duration of the clamp time was
an independent risk factor for postoperative complications.™

Post-operative Characteristics
Bakarat noted that multiple organ failures were predictors
of in-hospital mortality and long-term prognosis.”

In our study, any single complication was associated
with an adverse outcome (OR 5.7, p=0.001). The two most
frequent complications were renal and respiratory failure.

Renal Complications

The present study observed that acute kidney injury was
one of the most common complications. This injury may be
a direct result of hypovolemic shock from acute blood loss,
causing acute tubular necrosis. Other causes of kidney injury
may result from damage to the renal arteries and embolization
of atherosclerotic material, which could be due to technical
factors, potentially leading to renal failure.’*? Additionally,
the incidence of perioperative morbidity is influenced by pre-
existing chronic renal disease upon admission. Factors such
as perioperative hypotension, embolization, ureteral damage,
or suprarenal aortic clamping increase the likelihood of renal
failure postoperatively.® It is worth noting that despite the
clamp position mostly below the renal artery, renal problems
were also common in other studies. Therefore, it is essential
to maintain a sufficient intravascular volume to avoid kidney
injury from hypovolemic shock.” Furthermore, several
studies found that the need for hemodialysis after surgery
in patients with chronic kidney disease also negatively
impacts survival.7*

Respiratory Complications

After surgery, a common problem in our study was acute
respiratory failure (9.2%, 12/131) and pneumonia (17.6%,
23/131). Law found that the overall incidence of respiratory
complications is 13.6%. The presence of a ruptured aneurysm
alone contributes to respiratory complications, among other
complications.?* Siracuse observed pulmonary complications
as high as 42.3% after repair of ruptured AAA, and having
COPD and hypotension at presentation predicts this
outcome.”? A similar study revealed that distant organs,
including the lungs, were often the site of postoperative
complications likely from pulmonary embolization.'

Length of Hospital Stay

Our study found that the average length of time
patients stayed in the hospital before (4.5 to 5.9 days) and
after surgery (8.3 to 9 days) was not significantly different
for those who survived and those who did not. Markovic's
study showed a more extended hospital stay, with an average
of 17 days from 1991-2001, which decreased to 9 days after
that.* Siracuse reported a more extended postoperative stay
with an average of 13.1 days.”? However, the length of stay in
these studies did not correlate with illness and death, similar
to our findings.

In a separate study by Bautista from the same institution
in 2013, they determined that ruptured aneurysms with
multiple organ failure and uncontrolled bleeding best-
predicted mortality. These characteristics were related to
parameters indicative of severe shock, depressed sensorium,
hypotension, and acidosis.’
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The findings of our study outline the typical sequence
of events when the patient is severely symptomatic, an
aneurysm ruptures, and surgery becomes urgently necessary.
Preoperative hemoglobin and hematocrit levels are low due
to increased intraabdominal bleeding. As a result, the patient
may become hypotensive due to significant blood loss when
the bleeding source is not controlled or resuscitation is
inadequate. Controlling bleeding by applying the aortic cross-
clamp and proximal graft suturing during surgery becomes
even more complex when the anatomy of the AAA is juxta-
renal. Clamping the aorta is also challenging, especially
when the retroperitoneum is filled with hematoma. Failure
to correct hypovolemic shock with blood transfusion could
lead to cardiopulmonary arrest. Multiple inotropes may be
necessary to maintain adequate hemodynamics. If the patient
survives the surgery, factors such as rupture, pre-existing
renal disease, low preoperative hemoglobin and hematocrit,
elevated creatinine, massive blood loss, and transfusion could
contribute to postoperative morbidities. The most common
complications are kidney failure and pneumonia.

Limitations of the Study

The study has several limitations. First, this is a
retrospective study highly subject to information bias.
Prognostic factors such as preoperative medications could not
be included in this analysis as these were poorly documented
in the medical records. Second, this study involves a
small sample size of 131 patients, limiting these findings’
generalizability. Third, only patients who underwent open
repair were included in the study.

CONCLUSION

In this study, open repair of an infrarenal AAA is
linked to high overall mortality (17.6%) and morbidity
(35.9%). The mortality rate for elective repair was 8.9%,
but it significantly increased to 56.5% in cases of ruptured
aneurysms. Eleven factors associated with a higher likelihood
of mortality include emergency surgery, ruptured aneurysm,
significant blood loss, low hemoglobin and hematocrit levels
preoperatively, intra-operative hypotension, intraoperative
cardiopulmonary arrest, high volume transfusion, use of
multiple inotropes, juxta-renal anatomy and development of
complications. Predictors of morbidity include pre-existing
chronic renal disease, decreased preoperative hemoglobin
and hematocrit, elevated preoperative creatinine, ruptured
aneurysm, higher intra-operative blood loss, and higher
red cell transfusion. Healthcare professionals should be
vigilant and focus on early detection and repair of abdominal
aneurysms to avoid emergency surgery or prevent rupture
leading to a cascade of complications and mortality. It is
crucial to prevent acute kidney injury, acute respiratory
failure, and pneumonia, as these are common complications

of open repair of an infrarenal AAA.
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