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Introduction: Abdominal aortic aneurysm (AAA) and coronary artery disease (CAD) share
common risk factors. The objective of this study was to determine the prevalence of
undiagnosed AAA in patients with angiographically diagnosed significant CAD.

Patients and Methods: Male patients aged 50 years and above (including indigenous people)
with angiographically diagnosed significant CAD in the recent one year were screened for AAA.
Standard definition of abdominal aortic aneurysm and CAD was used. All new patients were
followed up for six months for AAA events (ruptured AAA and AAA-related mortality).
Results: A total of 277 male patients were recruited into this study. The total prevalence of
undiagnosed AAA in this study population was 1.1% (95% CI 0.2-3.1). In patients with high-
risk CAD, the prevalence of undiagnosed AAA was 1.7% (95% CI 0.3—4.8). The detected
aneurysms ranged in size from 35.0mm to 63.8mm. Obesity was a common factor in these
patients. There were no AAA-related mortality or morbidity during the follow-up. Although the
total prevalence of undiagnosed AAA is low in the studied population, the prevalence of sub-
aneurysmal aortic dilatation in patients with significant CAD was high at 6.6% (95% CI 3.9—
10.2), in which majority were within the younger age group than 65 years old.

Conclusion: This was the first study on the prevalence of undiagnosed AAA in a significant
CAD population involving indigenous people in the island of Borneo. Targeted screening of
patients with high-risk CAD even though they are younger than 65 years old effectively
discover potentially harmful asymptomatic AAA and sub-aneurysmal aortic dilatations.
Keywords: abdominal aortic aneurysm, sub-aneurysmal aortic dilatation, coronary artery
disease

Introduction
Abdominal aortic aneurysm (AAA) is a pathological condition in which weakening
of the abdominal aortic wall causes it to bulge or balloon, resulting in a permanent
focal dilatation of the abdominal aorta. AAA is defined as an abdominal aortic
diameter of 3.0cm or more.'

AAA prevalence rates have decreased over the last 20 years, with the reported
global pooled prevalence of AAA was 4.8%, being highest in male (6.0%) and aged
6574 years (2.8%)."* Stratified analyses showed the pooled prevalence of AAA in
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America, Europe, Australia and Asia to be 2.2%, 2.5 %,
6.7% and 0.5% respectively.> Abdominal aortic aneurysm
continues to be a major threat to global health as its
mortality reaches as high as 80% in the event of
rupture.®> However, it remains a preventable cause of
death in the elderly as the mortality rate for elective
AAA repair ranges from 0.6 to 5.3%.%’

As most AAAs are silent with high mortality rates if
permitted to expand and rupture, it is crucial to identify
screening strategies that could reduce AAA-related mortality
and other adverse outcomes. Guidelines have recommended
ultrasound as the primary screening tool due to the advan-
tages of being non-invasive, user-friendly, and having both
sensitivity and specificity approaching 100%.® Population-
based studies have demonstrated that ultrasound screening is
cost effective and highly reproducible.”'°

An updated meta-analysis of the longest (> 13 years)
follow-up results from four randomized controlled trials of
AAA screening reported that invitation to AAA screening in
> 64-year-old men reduced both all-cause and AAA-related
mortalities significantly."''* Based on a systematic review
of evidence, several countries have provided their recom-
mendations and guidelines on screening for AAA including
Canada, USA and Europe. All these guidelines have strongly
suggested not to screen women for AAA. 13

Significant coronary artery disease (CAD) is defined as
50% stenosis in one or more involved vessels. High-risk CAD
is defined as (i) three vessels with > 70% stenosis, (i) two
vessels with > 70% stenosis including the proximal left ante-
rior descending artery, or (iii) stenosis of > 50% in the left
main artery.'®'® Revascularisation is required if the patient
has high-risk CAD, which can be done by percutaneous cor-
onary intervention (PCI) or coronary artery bypass grafting
(CABG)."? Recent epidemiological studies have suggested an
association between AAA and atherosclerosis, CAD and per-
ipheral vascular disease (PVD). Both AAA and CAD share
common risk factors, such as male gender, age, and
smoking.?>?! In fact, CAD has emerged as a significant inde-
pendent risk factor for AAA, as a large proportion of patients
whose AAA ruptured have previously diagnosed CAD.*

Overall, the prevalence of AAA in patients with CAD
was 8.4%, which was significantly higher than those with-
out CAD.** %> A meta-analysis conducted by Hernesniemi
et al showed that CAD is a strong predictor of future AAA
events (fatal and non-fatal; meta-analysed hazard ratio of
3.49 with 95% CI of 2.56-4.76) and concluded that
screening for AAA among CAD patients would be of

possible benefit to survival and risk evaluations.”®

Most AAA patients are asymptomatic, with aneurysms
discovered incidentally during the diagnosis of other con-
ditions. Even though evidence shows that ultrasound
screening for AAA in the male population reduces the
risk of AAA rupture and aneurysm-related death signifi-
cantly by up to 50%, no population screening programme
has been established in Southeast Asian countries, prob-
ably due to the lack of resources.'""'> Moreover, the low
prevalence of AAA in Southeast Asia may render popula-
tion screening programmes less cost effective. With no
systematic population screening available, targeted screen-
ing of patients with CAD would effectively provide the
same opportunity to discover potentially harmful asympto-
matic AAA, and subsequently allow the provision of ear-
lier surveillance or operative management if indicated.

Methodology
Study Design

This was a prospective cross-sectional study carried out
over a period of one year. It was performed to determine
the prevalence of undiagnosed abdominal aortic aneurysm
(AAA) in patients with significant coronary artery disease
(CAD) undergoing coronary angiography. The study was
conducted at a tertiary hospital in major city in the state of
Sabah, Malaysia (island in Borneo).

Study Population
All patients who underwent coronary angiography for
a period of 12 months were screened for eligibility to parti-
cipate in the study. Patients were included if they were male,
aged 50 years and above, and angiographically diagnosed
with significant CAD (one or more vessels with stenosis of >
50%). Criteria for exclusion included previous diagnosis of
treated AAA, previous diagnosis of CAD treated by medical
therapy or revascularisation therapy including percutaneous
coronary intervention (PCI) or coronary artery bypass graft-
ing (CABG), failure of abdominal ultrasound to delineate
the size of the abdominal aorta due to obesity or bowel gas,
presence of major life-threatening illnesses such as cardio-
genic shock or acute pulmonary oedema, and unwillingness
or inability to provide informed consent.

During the study period, a total of 704 male patients aged
50 years and above underwent coronary angiography.
A group of 108 patients had normal coronary arteries and
were not included into the study. Amongst 596 patients with
angiographically-diagnosed significant CAD, three patients
had previous diagnosis of treated AAA, 160 patients had
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previous diagnosis of treated CAD, and three patients passed
away prior to recruitment. In addition, 61 patients were not
interested in participating in the study, with 45 of them
stating logistic issues as the reason for not taking part.
From the remaining 369 patients, 277 were recruited into
the study. Figure 1 shows the study flow diagram.

Patients and Methods
Patients who fulfilled the inclusion criteria were invited for an
abdominal ultrasound. Each patient received a thorough expla-
nation and a patient information sheet regarding the study.
Written informed consent was required before proceeding
further. The relevant data were collected according to
a standard questionnaire.

AAA was defined as an aortic diameter measuring >
3.0cm.! Sub-aneurysmal aortic dilatation was defined as

a maximum aortic diameter between 25mm and 29mm.'
Significant CAD was defined as one or more coronary
vessels with stenosis of > 50%. High-risk CAD was
defined as having (i) three vessels with > 70% stenosis,
or (ii) two vessels with > 70% stenosis including the
proximal left anterior descending artery, or (iii) left main

16-18 Information gathered and

artery with > 50% stenosis.
analysed included the patient’s age, body mass index
(BMI), ethnicity, family history of AAA, smoking status,
risk factors for AAA and abdominal aortic size.
Abdominal ultrasounds were performed with the General
Electric Vingmed Ultrasound Vivid i ultrasonography
machine. All examinations were done by single-trained and
certified medical assistant to reduce inter-observer biasness.
Ultrasonographic evaluation of the aorta was performed with

the patient in supine position. Using a curvilinear probe, the

704 male patients aged 50 and above

between January and December 2018

had undergone coronary angiography

- 108 patients with normal
coronary arteries

- 3 patients had previous
diagnosis of treated AAA

A 4

Y

- 160 patients had previous
diagnosis of treated CAD

- 3 patients passed away
prior recruitment

- 61 patients refused

369 patients eligible for study

v

277 patients recruited

l
v v

Pgtients Patients with
without AAA
AAA i
6-months
follow up

Figure | Study flow diagram.
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abdominal aorta from the diaphragm to the aortic bifurcation
was assessed in the longitudinal and transverse planes. An
image of aorta in the transverse plane, as circular as possible,
was obtained to ensure that the image chosen was perpendi-
cular to the sagittal/longitudinal axis. The largest antero-
posterior diameter was measured from the outer edge to the
outer edge (OTO) and this was considered to represent the
maximum infrarenal aortic diameter. AAA was defined as an
aortic diameter of 3.0cm or larger. All results were verified
by a vascular surgeon. The aortic diameter was recorded into
the data collection form solely by the primary investigator.
This was to ensure that both medical assistant and surgeon
were blinded to the participant’s coronary angiogram finding.
All ultrasound images were captured and stored in
a computer.

Patients diagnosed with AAA in this study were
referred to the vascular clinic to receive existing standard
of care and medical consultation by vascular surgeons. The
standard of care provided depended on the symptoms and
size of AAA, in which appropriate primary treatment such
open AAA
Endovascular aneurysm repair (EVAR) was offered. The

as ultrasound surveillance, repair  or
authors were not involved and did not interfere with the
standard of care provided to patients. The role of the
principal investigator after diagnosis of AAA was to fol-
low-up and document the outcome (AAA events) after the
patients received standard of care. All patients with newly
diagnosed AAA were followed up from the day of diag-
nosis until six months later. The outcomes measured were
AAA events including ruptured AAA and AAA-related

mortality.

Measurement and Outcomes

The primary outcome of this study was to measure the
prevalence of undiagnosed AAA in patients with angio-
graphically diagnosed significant CAD. The secondary
outcomes of this study were to compare the prevalence
of undiagnosed AAA between patients with angiographi-
cally diagnosed high-risk CAD and non-high-risk CAD, to
determine the association of risk factors and AAA in
angiographically diagnosed high-risk CAD patients, to
compare the abdominal aortic diameter between angiogra-
phically diagnosed high-risk CAD patients with and with-
out risk factors, and to compare the prevalence of sub-
aneurysmal aortic dilatation between patients with angio-
graphically diagnosed high-risk CAD and non-high-risk
CAD.

Statistical Analysis

Data analysis was performed with the SPSS (Statistical
Package of Social Sciences) for Window version 25.0.
Pearson’s chi-squared test and Fisher’s exact test were
used for associations between categorical variables.
Analysis of the difference between group medians was
performed with Mann—Whitney U-test and Kruskal—
Wallis test. The level of statistical significance was set at
p < 0.05.

Sample Size Calculation

To estimate the prevalence of undiagnosed AAA in
patients undergoing coronary angiography, we needed
241 patients to achieve a 3.0% precision in estimating
prevalence, which was 6.0% in Miura et al.>’ The sample
size was calculated using the Sample Size Calculator for
Prevalence Studies.”® With an estimated 15% drop out
rate, we included an additional 36 subjects in our sample
size. Therefore, the total sample size required was 277
patients.

Ethical Consideration

This study was a project for thesis submission of the first
author; the corresponding author was the main supervisor.
This
Committee of the National University of Malaysia
(Project Code: UKM PPI/11/8/JEP-2018-148), Faculty of
Medicine (Project Code: FF-2018-095) as well as the
Medical Research Ethics Committee (MREC) of the
Ministry of Health Malaysia (Project Code: NMRR-17-
3031-39208). This study was conducted in accordance
with the Declaration of Helsinki.

study was approved by the Research Ethics

Results

Patient Characteristics

A total of 277 male patients aged 50 years and above who
had angiographically diagnosed significant coronary artery
disease (CAD) were recruited into this study. They had
a mean age of 60 years (Mean = 60.25, Standard Deviation
= 6.86) with most patients falling within the age group of
50 to 59 years old (51.6%). The Chinese was the com-
monest race affected at 25.3%, followed by the indigen-
ous: Kadazan-Dusun (23.1%) and Bajau (14.1%). The
remaining patients were made up of other races and indi-
genous groups in Sabah. Majority of patients were obese
(57.8%) with a mean body mass index (BMI) of 25.9.
Amongst 277 patients, 65.0% had high-risk CAD whereby
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6.1% received medical therapy, 65.6% received PCI, and
28.3% were scheduled for CABG. Table 1 shows the
demographic profile of patients with significant CAD.

Prevalence of Undiagnosed Abdominal
Aortic Aneurysm in Patients with
High-Risk Coronary Artery Disease

Three new AAAs were detected in 277 patients who had
angiographically diagnosed significant CAD, and all three
fulfilled the criteria of high-risk CAD. (Figure 2) The total
prevalence of undiagnosed AAA in this study population was
1.1% (95% C1 0.2-3.1). In patients with high-risk CAD under-
going coronary angiography, the prevalence of undiagnosed
AAA was 1.7% (95% CI 0.3-4.8). There was no significant
difference in the prevalence of undiagnosed AAA between
patient with high-risk and non-high-risk CAD undergoing
coronary angiography (p = 0.554). Table 2 shows the associa-
tion of risk factors and AAA in patients with significant CAD.

Table 3 shows the individual profile of these three patients.
The size of AAA detected in this study ranged from 35.0mm
to 63.8mm. All three patients were obese, two of them were
former smokers, with only one patient having hypertension
and dyslipidemia as additional risk factors. None of them had
diabetes mellitus, stroke, PVD or a family history of AAA.
All of them had triple vessel disease whereby one patient
underwent PCI and two were scheduled for CABG.

All three patients received existing standard of care
based on the size of AAA, in which two patients with
smaller AAA received ultrasound surveillance whereas the
patient with the largest detected AAA was planned for
EVAR after his CABG. No AAA event (ruptured AAA
or AAA-related mortality) was detected during the follow-
up period of six months.

Sub-Aneurysmal Aortic Dilatation and

Coronary Artery Disease

A total of 18 sub-aneurysmal aortic dilatations were
detected in 274 patients who had angiographically diag-
nosed significant CAD, which confirmed a prevalence of
6.6% (95% CI 3.9-10.2) in this study population. The
prevalence of sub-aneurysmal aortic dilatation in patients
with high-risk CAD was 8.5% (95% CI 4.8-13.6). In
contrast, a prevalence of 3.1% (95% CI 0.6-8.8) was
demonstrated in patients with non-high-risk CAD.
(Figure 3) There was no significant difference in the
prevalence of sub-aneurysmal aortic dilatation between
with  high-risk non-high-risk CAD

patient and

(p = 0.086). In addition, there was no significant asso-
ciation between age, BMI, ethnicity, family history of
AAA, smoking history, hypertension, dyslipidaemia,
stroke, PVD, aspirin use, statin use, coronary profile,
revascularisation and sub-aneurysmal aortic dilatation.
with
aneurysmal aortic dilatation were within the age group

Interestingly, majority of our patients sub-
of 50 to 64 years old, the population which is not

included in Western screening programmes. (Figure 4).

Abdominal Aortic Diameter and

Coronary Artery Disease

The median abdominal aortic diameter in this study was
19.2mm, with a minimum diameter of 10.0mm and max-
imum diameter of 63.8mm. (Figure 5) The median abdom-
inal aortic diameter was 19.3mm in high-risk CAD and
18.9mm in non-high-risk CAD. (Figure 6) There was no
significant difference between the median of abdominal
aortic diameter in both groups (p = 0.317).

Further analysis was performed to determine the rela-
tionship between abdominal aortic diameter and cardio-
vascular risk factors in the high-risk CAD group. Mann—
Whitney U-test indicated that the abdominal aortic dia-
meter was smaller for diabetic patients (Median = 18.20)
than for non-diabetic patients (Median = 19.70), p = 0.014.
Similarly, the abdominal aortic diameter was smaller for
patients who consumed statins (Median = 18.50) than for
patients who did not (Median = 19.65), p = 0.033. There
was no significant association between median abdominal
aortic diameter and age, BMI, ethnicity, family history of
AAA,
stroke, PVD, aspirin use, revascularisation and significant
CAD. Table 4 shows the median abdominal aortic dia-
meter of high-risk CAD patients with diabetes mellitus

smoking history, hypertension, dyslipidaemia,

and those who consumed statin.

Discussion
Abdominal Aortic Aneurysm in High-Risk

Coronary Artery Disease Population

In this study, the prevalence of undiagnosed AAA in
angiographically diagnosed high-risk CAD patients was
found to be 1.7% (95% CI 0.3—4.8). Compared to epide-
miological studies conducted in Western countries, our
study showed a relatively low prevalence of AAA in the
local population. Nevertheless, this low prevalence is con-
sistent with the results of other studies performed within
the Asian region.” A possible explanation for the observed
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Table | Demographic Profile of Patients with Significant CAD

Variables n High-Risk CAD n = 180 Non-High-Risk CAD n = 97 p Value®
Age (years) 60.29 + 6.61 60.15 £ 7.34 0.872°
BMI 0.793
Non-obese (<25.0) 75 (64.1) 42 (35.9)
Obese (225.0) 105 (65.6) 55 (34.4)
Ethnic 0.124
Malay 31 24 (77.4) 7 (22.6)
Chinese 70 46 (65.7) 24 (34.3)
Indian 3 2 (66.7) 1 (33.3)
Kadazan/Dusun 64 33 (51.6) 31 (48.4)
Bajau 39 25 (61.4) 14 (35.9)
Brunei 39 17 (81.0) 4 (19.0)
Bugis 21 5 (50.0) 5 (50.0)
Others 10 28 (71.8) Il (28.2)
39
Smoking 0.809
Active smoker 83 71 (67.0) 29 (33.0)
Former smoker 106 54 (65.1) 35 (34.9)
Non-smoker 88 55 (62.5) 33 (37.5)
Hypertension 0.041
Yes 182 126 (69.2) 56 (30.8)
No 95 54 (56.8) 41 (43.2)
Dyslipidemia 0.692
Yes 107 68 (63.6) 39 (36.4)
No 170 112 (65.9) 58 (34.1)
Diabetes mellitus 0.295
Yes 97 67 (69.1) 30 (30.9)
No 180 113 (62.8) 67 (37.2)
Stroke 0.553¢
Yes 264 10 (76.9) 3 (23.1)
No 13 170 (64.4) 94 (35.6)
PVD 0.166¢
Yes 5 5 (100.0) 0 (0.0
No 272 175 (64.3) 97 (35.7)
Statin use 0914
Yes 133 86 (64.7) 47 (35.3)
No 144 94 (65.3) 50 (34.7)
Aspirin use 0.006
Yes 99 75 (75.8) 24 (24.2)
No 178 105 (59.0) 73 (41.0)
Revascularisation < 0.001
PCI 190 118 (62.1) 72 (37.9)
CABG 51 51 (100.0) 0 (0.0
Medical therapy 36 11 (30.6) 25 (69.4)

Notes: Data are presented as mean  SD or n (%). p < 0.05 is significant. *All patients with newly diagnosed CAD in this study would be subjected to medical therapy, PCl in
same setting, or referred for CABG after angiogram. *Chi-squared test for independence. "Independent sample t-test. “Fisher’s exact test.

Abbreviations: BMI, body mass index; CABG, coronary artery bypass grafting; CAD, coronary artery disease; PCl, percutaneous coronary intervention; PVD, peripheral
vascular disease.
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Abdominal Aorta Aneurysm in Significant Coronary Artery Disease

200
180
160

177

Frequency

e el
N B OO 0 O N b
O O O O O O o o
w

High-risk CAD

97
HAAA

No AAA

0

Non-high-risk CAD

Significant coronary artery disease

Figure 2 Abdominal aortic aneurysm in patients with significant coronary artery disease.

Abbreviations: AAA, abdominal aortic aneurysm; CAD, coronary artery disease.

low prevalence rate in Asian countries might be the lack of
routine screening programs which allow asymptomatic
silent AAA to remain undetected. Consequently, AAAs
are only either discovered when symptomatic or inciden-
tally during the work-up of other disease conditions.
Another reason for the low prevalence rate of AAA in
our study might be the smaller abdominal aortic size found
in the local people compared to Caucasians, considering
the obvious body size differences between these two popu-
lations. Our study reported that the median abdominal

10.0-63.8mm),
9

aortic diameter was 19.2mm (range
which was much smaller than that found in Caucasians.”
Several authors have suggested that a lower threshold
thus

populations.' Therefore, the use of 30mm as the definition

might be more appropriate in some Asian
for AAA may not be appropriate in our local setting. An
alternative definition of a 50% increase from the normal
abdominal aortic diameter has been proposed, however,
the demarcation between aneurysmal and disease-free
would be highly variable due to the wide dissimilarity of
abdominal aortic diameter in different populations.
Ethnicity-related or unmeasured genetic factors may also
play an independent role in the prevalence of AAA in
different ethnic groups in Sabah, despite the presence of
cardiovascular risk factors.

The reported prevalence of 1.7% in our study population
is higher than the pooled prevalence of AAA in Asia which
was 0.5%, given that our study population (men with mean
age of 62.7 £ 6.7 years) has younger age distribution com-

pared with reported individual Asian prevalence studies in

meta-analysis.” Similarly, our reported prevalence was
found to exceed that of China and Taiwan.’**' Meta-
analysis has shown that the overall prevalence of AAA is
significantly higher in patients with CAD.**® In our study,
the prevalence was comparable to the only local study
available on the prevalence of AAA in patients with acute
coronary syndrome (ACS), which was found to be 2.0%.*
To the best of our knowledge, our study is the first in
literature which specifically investigates AAA in high-risk
CAD population. Given that the prevalence of AAA is
higher in patients with high-risk CAD, a concurrent diag-
nosis of AAA should be considered in this population as
AAA screening is almost unique and proven in reducing
both cause-specific and all-cause mortality.'"

A total of three AAAs was detected in our study
population, all of whom had angiographically diagnosed
high-risk CAD. The youngest patient was 55 years old
with the largest aortic diameter of 63.8mm. We might
have overlooked this patient if the study had been per-
formed only in patients aged > 65 years. Most of the recent
guidelines recommend one-time AAA screening for all
men at the age of 65 years and above, but these recom-
mendations are based on population studies performed in
Western ~ countries.'"'*'°2**  The Japan Circulation
Society guideline (JCS 2011) is the only AAA guideline
available in Asian countries.®> However, no specific
recommendation is made regarding AAA screening.*>°
According to the Malaysia Annual Report of the
Percutaneous

Coronary Intervention (PCI) Registry

from year 2015-2016, the mean age of patients presenting
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Table 2 Abdominal Aortic Aneurysm in Patients with Significant Coronary Artery Disease

Variables N AAANn=3 No AAA n =274 p Value®
Age (years) 62.67 + 6.66 60.22 + 6.87 0.590°¢
BMI 0.136
Non-obese (<25.0) 117 0 (0.0) 117 (100.0)
Obese (225.0) 160 3(1.9) 157 (98.1)
Ethnic 0.756"
Malay 31 0 (0.0) 31 (100.0)
Chinese 70 1 (1.4) 69 (98.6)
Indian 3 0 (0.0) 3 (100.0)
Kadazan/Dusun 64 I (1.6) 63 (98.4)
Bajau 39 0 (0.0) 39 (100.0)
Brunei 21 1 (4.8) 20 (95.2)
Bugis 10 0 (0.0) 10 (100.0)
Others 39 0 (0.0) 39 (100.0)
Family history 0.968
of AAA Yes 3 0 (0.0) 3 (100.0)
No 274 3 (1.1 271 (98.9)
Smoking 0.087°
Active smoker 83 0 (0.0) 83 (100.0)
Former smoker 106 3(28) 103 (97.2)
Non-smoker 88 0 (0.0) 88 (100.0)
High-risk CAD 0.554
Yes 180 3(1.7) 177 (98.3)
No 97 0 (0.0) 97 (100.0)
Hypertension 0.271
Yes 182 I (0.5) 181 (99.5)
No 95 2(2.1) 93 (97.9)
Dyslipidemia 1.000
Yes 107 1 (0.9) 106 (99.1)
No 170 2(1.2) 168 (98.8)
Diabetes 0.554
mellitus Yes 97 0 (0.0) 97 (100.0)
No 180 3(1.7) 177 (98.3)
Stroke 1.000
Yes 264 3(1.1) 261 (98.9)
No 13 0 (0.0) 13 (100.0)
PVD 1.000
Yes 5 0 (0.0) 5 (100.0)
No 272 3(1.) 269 (98.9)
Statin use 1.000
Yes 133 1 (0.8) 132 (99.2)
No 144 2 (1.4 142 (98.6)
(Continued)
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Table 2 (Continued).
Variables N AAANn=3 No AAA n = 274 p Value®
Aspirin use 1.000
Yes 99 I (1.0) 98 (99.0)
No 178 2 (L1.1) 176 (98.9)
Coronary profile 0.162°
SVD 75 0 (0.0 75 (100.0)
DVD 76 0 (0.0 76 (100.0)
TVD 126 3(24) 123 (97.6)
Revascularisation 0.092°
n PCI 190 I (0.5) 189 (99.5)
CABG 51 2 (3.9 49 (96.1)
No 36 0 (0.0 36 (100.0)

Notes: Data are presented as mean * SD or n (%). p < 0.05 is significant. *Chi-squared test for independence. bIndependent sample t-test. “Fisher’s exact test
Abbreviations: AAA, abdominal aortic aneurysm; BMI, body mass index; CABG, coronary artery bypass grafting; CAD, coronary artery disease; DVD double vessel
disease; PCI, percutaneous coronary intervention; PVD, peripheral vascular disease; SVD, single vessel disease; TVD, triple vessel disease.

Table 3 Individual Profile of Abdominal Aortic Aneurysm in

Patients with High-Risk Coronary Artery Disease

Variables ID 70 ID 107 ID 178

Age (years) 66 55 67

BMI 25.9 (obese) 283 25.5 (obese)
(obese)

Ethnic Brunei Chinese Kadazan

Family history of [ No No No

AAA

Smoking history | Former smoker | Former No
smoker

Hypertension Yes No No

Dyslipidemia Yes No No

Diabetes No No No

mellitus

Stroke No No No

PVD No No No

Statin use Yes No No

Aspirin use Yes No No

Coronary profile | TVD TVD TVD

Revascularisation | PCI CABG CABG

Aortic size (mm) | 38.3 63.8 35.0

Treatment for Ultrasound EVAR Ultrasound

AAA surveillance surveillance

AAA event

Ruptured AAA No No No

AAA-related No No No

mortality

Abbreviations: AAA, abdominal aortic aneurysm; BMI, body mass index; CABG,
coronary artery bypass grafting; CAD, coronary artery disease; DVD; double vessel
disease; EVAR, endovascular aneurysm repair; PCl, percutaneous coronary intervention;
PVD, peripheral vascular disease; SVD, single vessel disease; TVD, triple vessel disease.

with ACS was 58.5 years and 64.3% of male patients who
underwent PCI were aged 50 years and above.’” Hence,
AAA screening based on the age criteria proposed by
Western guidelines might not be suitable for local adoption
considering the age distribution of patients with significant
CAD in our local population. The presence of risk factors,
especially CAD, should be factored into the framework of
a local targeted screening for a population with such a low
prevalence of AAA, rather than following screening cri-

teria from Western guidelines.

In our present study, all three patients with AAA were
obese, with two of them being former smokers. One of them
had both hypertension and dyslipidemia. None of them had
a family history of AAA or diabetes mellitus. Surprisingly,
the patient with the largest aortic diameter did not have any
medical illness besides CAD. No significant relationship was
found between AAA and cardiovascular risk factors due to
the low prevalence of AAA in our study. Smoking is the
strongest risk factor for AAA, as there is a 5-fold and 2-fold
increase in the risk of AAA among current and former
smokers compared to never smokers, respectively.**>*°
Hypertension has been reported to have a strong association
with AAA.*"™* There is inconsistency in the literature
regarding the association of obesity with the presence of
AAA, with some studies showing that the relationship
between obesity and AAA may be more significant in con-

junction with atherosclerotic disease.***
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Figure 3 Sub-aneurysmal aortic dilatation in patients with significant coronary artery disease.

Even though our study reported a AAA prevalence rate
of 1.7%, we were able to detect a AAA with a size of
63.8mm in which surgical intervention was indicated.
Population-based AAA screening programs in men have
demonstrated a significant cost-effective reduction in all-
cause mortality and AAA-related mortality even with an
AAA prevalence rate of as low as 0.5%.%*° Therefore,
a targeted AAA screening programme tailored to specific
risk factors would be more effective in detecting AAA in
local populations.

Sub-Aneurysmal Aortic Dilatation

Sub-aneurysmal aortic dilatation can be defined as
a maximum aortic diameter between 25mm and 29mm. It is
a topic of current interest as more than half of these aortas will
exceed 30mm within 5 years and one quarter will reach 55mm
within 10 to 15 years.>’ A multicentre observational study
reported that 3.1% of patients with sub-aneurysmal aortic
dilatation progressed to ruptured AAA at 10 years follow up,
with the mortality rate as high as 71.4%.>* Guidelines have
suggested that men with an aortic size of 2.5mm to 2.9mm at

Age Distribution in Sub-aneurysmal Aortic Dilatation
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Figure 4 Age distribution in patients with sub-aneurysmal aortic dilatation.
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Distribution of Abdominal Aortic Diameter in Patients with Significant Coronary Artery Disease
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Figure 5 Distribution of abdominal aortic diameter in patients with significant coronary artery disease.

initial screening may be considered for rescreening after 5 to
10 years, even with the current limited evidence regarding
clinical relevance and cost effectiveness of surveillance.'?
Our subgroup analysis showed that 18 patients had sub-

aneurysmal aortic dilatation with a prevalence of 6.6% (95%

CI 3.9-10.2). Surprisingly, 14 patients (77.8%) with sub-
aneurysmal aortic dilatation were within the age group of 50
to 64 years old. Again, we would like to emphasize that
targeted screening of AAA should be tailored to a younger
demographic in our local setting compared to the Western

Distribution of Abdominal Aortic Diameter in Patients with
High-Risk and Non-High-Risk Coronary Artery Disease
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Figure 6 Distribution of abdominal aortic diameter in patients with high-risk and non-high-risk coronary artery disease.
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Table 4 Comparing Median Abdominal Aortic Diameter Among
Variables in Patients with High-Risk Coronary Artery Disease

Variables n High-Risk CAD p value®
Aortic Diameter
(mm) Median (IQR)"
Diabetes mellitus 0.014
Yes | 97 18.20 (5.00)
No | 180 | 19.70 (4.90)
Statin use 0.033
Yes | 133 | 18.50 (5.60)
No | 144 | 19.65 (5.10)

Notes: p < 0.05 is significant. *Mann-Whitney U-test. °The distribution is skewed
to the right.
Abbreviations: CAD, coronary artery disease; IQR, interquartile range.

population, given that a high prevalence of CAD is found in
younger patients. We suggest surveillance of sub-aneurysmal
aortic dilatation as a future study to investigate the impact of
the initial targeted screening.

The guidelines from European Society for Vascular
Surgery (ESVS) defines sub-aneurysmal aortic dilatation as
a maximum aortic diameter between 25mm and 29mm. The
population study was in men aged beyond 65 years old." In
our cohort of 177 patients with high-risk CAD (majority
were 50-59 years old), 15 sub-aneurysmal aortic dilatations
were detected, which in turn confirmed a prevalence of 8.5%
(95% CI 4.8-13.6). This finding is comparable to the pre-
valence of sub-aneurysmal aortic dilatation reported in the
Italian general population of men between the age of 50-64
years old.”* Our finding was in keeping with the prevalence
results of a systematic review which reported a prevalence of
sub-aneurysmal aortas ranging from 1.1% to 8.5%. However
their population study was in older population aged above 65
years old.>* Hence, it was rather an unexpected finding from
our study was that 12 high-risk CAD patients (80.0%) with
sub-aneurysmal aortic dilatation were within the age group of
50 to 64 years old - an age group which is not included in
major Western screening programmes (USA, UK and
Canada). Our finding highlighted that sub-aneurysmal aortas
can be found in patients with cardiovascular risk factors in
younger age group. The identification of AAA or potential
AAA based on cardiovascular risk factors would prove to be
more beneficial rather than a strict age criterion.

Our study has detected an unexpected number of sub-
aneurysmal aortic dilatations despite the low prevalence of
AAA in the study population. Therefore, this specific popu-
lation deserves special attention as they could develop AAA
in the future. It has been reported that more than half of these

aortas will exceed 30mm within 5 years and one quarter will
reach 55mm within 10 to 15 years.’! A multicentre observa-
tional study reported that 3.1% of patients with sub-
aneurysmal aortic dilatation progressed to ruptured AAA at
10 years of follow up, with a mortality rate as high as
71.4%.> Guidelines have suggested that men with an aortic
size of 25mm to 29mm at initial screening may be considered
for rescreening after 5 to 10 years, even with the current
limited evidence regarding clinical relevance and cost effec-
tiveness of surveillance.'* Hence, we strongly believe that
surveillance of sub-aneurysmal aortic dilatation in our local
population as a future study would be of value to investigate
the impact of initial targeted screening. Certainly, the cohort
of our patients with sub-aneurysmal aortic dilatation will be
monitored closely.

Protective Factors for Abdominal Aortic

Aneurysm
Diabetes mellitus (DM), one of the strongest coronary ather-
osclerotic factors, appears to be independently and nega-
tively associated with AAA formation.>® In our study, we
were unable to prove any significant relationship between
AAA and diabetes mellitus due to the limitation of a small
sample size. However, our analysis of the high-risk CAD
group has shown that the abdominal aortic diameter was
smaller in diabetic patients compared to non-diabetic patients
(p = 0.014). Meta-analyses have demonstrated that DM is
negatively associated with the presence, expansion, and rup-
ture of AAA, and suggested that individuals with DM have
a reduction in risk of AAA by 42%.°°>% It has been
explained that hyperglycemia in DM is associated with gly-
cation of protein precursors of the extracellular matrix, thus
resulting in increased synthesis of advanced glycation end
products (AGEs). Formation of AGEs has been linked to
increased smooth muscle cell proliferation which in turn
increases the matrix protein in the aortic wall. Diabetes
mellitus also suppresses matrix metalloproteinase (MMPs)
and elastase which are responsible for degradation of the
medial elastic lamellae in the aortic wall.”®

In our study, the abdominal aortic diameter was smaller
for patients with high-risk CAD who consumed statins than
for patients who did not (p = 0.033). To date, no recognised
pharmacological drug has been shown to be effective in
reducing the rate of small aneurysm growth, although statins
have been suggested to be beneficial. A highly significant
reduction in AAA prevalence was observed in a population
with statins.” Moreover, a recently published meta-analysis
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has concluded that statin therapy may be associated with
reduction in AAA progression and rupture.®! A higher dose
of statin has been shown to exhibit an inhibitory effect on
endoplasmic reticulum stress-associated apoptosis signaling
pathways and inflammatory response in clinically relevant
AAA mice model, which in turn suppresses the development
of AAA effectively.®

Limitations

There was limitation in this study whereby we were mainly
focused on a high-risk CAD population; only three AAAs
were found. Thus, with the low prevalence of AAA detected
in this study, the analysis for interesting variables such as
smoking and hypertension could not be performed. Even
though the high-risk CAD population has been identified as
being suitable for AAA screening, more randomised control
trials are required to evaluate the long-term benefits and cost-
effectiveness of targeted screening in this population. In
comparison to all other screening models or programme,
our suggestion of targeted screening in a small population
may look pale in comparison but certainly one life was saved
and more lives could be saved and that made a huge differ-
ence to patients and their families.

As for the strength of this study, targeted group was most
suited for our population study as trying to get them to come for
separate screening programme would have been logistically
impossible. The geographical and cultural factors related to the
state of Sabah (in the island of Borneo) and most developing
south-east Asian countries (ASEAN) required us to screen
patients as and when they presented to the hospital rather
than the usual public screening programme. This is the first
study evaluating the prevalence of AAA in those aged 50 years
and above in a high-risk CAD population in Malaysia with
involvement of indigenous people. There was no inter-
observer biasness as the abdominal ultrasound was performed
by single-qualified and trained medical assistant. Both the
medical assistant and vascular surgeon were blinded to the
patient’s coronary angiogram findings in order to reduce inter-
viewer and performance biasness.

Future Research

The early detection of AAA and sub-aneurysmal aortic dila-
tation in this study serves as a pilot study to explore the
potential selection criteria in establishing a targeted screening
programme in multicultural population of Malaysia. Given
the limitations of this study, a high power, larger population
study which its sample size calculation based on proposed
multivariate regression analysis will be efficient to generate

a generalized equation; which in turn helps to establish an
appropriate screening programme suitable for local high-risk
CAD population. Based on this, we can foresee that age,
obesity, and other specific risk factors for AAA will be
included. We hope to also evaluate long-term outcome and
for future

study the cost-benefit analysis screening

programmes.

Conclusion

To the best of our knowledge, our study is the first in
literature which specifically investigated AAA in high-risk
CAD population. This is also the first prevalence study of
undiagnosed AAA in the population of the state of Sabah,
Malaysia (in the island of Borneo). Although the prevalence
of AAA in the high-risk CAD population appeared to be low,
it was present in younger age group than other studies. The
prevalence of sub-aneurysmal aortic dilatation in this
younger group was also significant and made it worth screen-
ing. The proposed screening criteria in Western countries
may not be suitable for our local population and other
resource-limited countries. Therefore, targeted screening of
patients based on risk factors and screening at the first oppor-
tunity of meeting them would effectively discover potentially
harmful asymptomatic AAA which may require surgical
intervention or follow-up.
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