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Abstract
Screening for concomitant atherosclerotic disease is important in cardiovascular risk reduction. This study assessed the pre-
valence of carotid artery disease (CAD) and peripheral arterial disease (PAD) in patients with known abdominal aortic aneurysms
(AAAs). All patients with AAA attending the vascular laboratory between the January 1, 2007, and December 31, 2009, were
eligible for a carotid ultrasound and measurement of ankle brachial indices. A total of 389 (305 males) patients were identified on
the AAA surveillance program with a mean (+standard deviation) age of 76 (+8) years. The mean age of the males was
75.4 (+7.8) years, and the mean age of the females was 77 (+11) years. A total of 332 patients were assessed for CAD, and
101 (30.4%) of those were found to have significant disease. A total of 289 patients were assessed for PAD of which 131 (45.3%)
were found to have PAD at rest, and 289 patients were assessed for both and 59 (20.4%) patients had significant CAD þ PAD.
Patients with AAAs are at high risk of other atherosclerotic disorders, and, therefore, they should receive intensive medical
optimization.
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Introduction

Atherosclerosis is a systemic disease, with peripheral arterial

disease (PAD), carotid artery disease (CAD), and coronary

artery disease often coexisting.1 There is a close relationship

between coronary artery disease and CAD, and PAD is associ-

ated with an increased cardiovascular (CV) risk and death.2-6

Patients with abdominal aortic aneurysms (AAAs) commonly

have CV disease, yet there is little in the literature to assess

whether screening these patients for other vascular disorders

is worthwhile.7

The accuracy of color duplex ultrasound (CDU) is high, but

mass screening is not cost effective.8,9 The identification of

patients at high risk of occult CAD would allow focused

screening. The CAD is associated with a risk of stroke that

increases with the severity of the internal carotid artery (ICA)

disease.10,11 Asymptomatic CAD may become symptomatic

within 3 to 4 years.12 Thus, there may be merit in treating

asymptomatic patients, by medical therapy or interventional

procedures, although recent optimized medical therapy has

improved.13,14 The Asymptomatic Carotid Surgery Trial

(ACST) initially demonstrated a 5-year stroke risk, or death,

in patients who underwent carotid endarterectomy and was

found to be 6.4% compared to the 11.8% in the patients treated

medically.15,16 More recent results show less advantage to

surgery, and as a consequence, it is usually recommended that

optimized best medical treatment is the first-line treatment.17

Peripheral arterial disease is a marker of CV ischemic

events. It is easily detected by the measurement of ankle bra-

chial indices (ABIs) and is an indicator of atherosclerosis in

other vascular territories.4,18 The ABIs have an interobserver

variability as low as 7%, a sensitivity of 90%, and a specificity

of 98% for the detection of arterial lesions >50% in the lower

limbs.19 The PAD is a strong predictor of future CV outcomes

such as myocardial infarction, stroke, and death.20 Identifica-

tion of a high-risk group for PAD is important in CV risk reduc-

tion in the population. The objective of this study was to

determine the presence and severity of asymptomatic CAD and

PAD in patients with known AAA.
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Patients and Methods

The study was approved by the hospital ethics committee. All

patients with AAA were identified as eligible for either a car-

otid CDU or ABI, or both, between January 1, 2007, and

December 31, 2009. Local protocol defined an AAA as

�3.0 cm. Risk factors were obtained from clinical notes includ-

ing age, gender, diabetes mellitus, history of coronary artery

disease, hypertension, hypercholesterolemia, smoking status,

and family history of an AAA. Patient selection and inclusion

were not based upon any history or clinical findings.

Color Duplex Ultrasound of Carotid Arteries

All CDU scans were performed in the supine position by the

same qualified vascular technologist using 1 of 3 machines, a

Siemens Sequoia 512 ultrasound system, Munich, Germany,

a Siemens S200 ultrasound system, Munich, Germany or a

Phillips IU22 ultrasound system, Best, Netherlands and a mul-

tifrequency linear transducer. Carotid artery stenosis was

graded according to velocities.21 A hemodynamically signifi-

cant stenosis was defined as a >50% ICA stenosis.

Ankle Brachial Indices and Toe Brachial Indices

All ABIs and toe brachial indices (TBIs) were performed in a

temperature controlled room in the supine position, using an

automated Vasogard Microlite system (Natus Medical Inc,

California), following a standard clinical measurement proto-

col for the measurement of ABI and TBI. All TBIs were only

performed in patients who had diabetes and patients with fal-

sely elevated ankle pressures (>220 mm Hg). The PAD was

defined as having an ABI <0.9 at rest or >1.4 or a TBI <0.6

at rest. This, therefore, included asymptomatic disease, inter-

mittent claudication, and critical limb ischemia.

Statistical Analysis

Continuous variables were expressed as mean (+standard

deviation [SD]) and proportions as percentages. This was a

descriptive study, with no inter-group comparative statistical

tests.

Results

In the study period, 389 (305 male) patients were identified on

the AAA surveillance program in the hospital, with a mean

(+SD) age of 76 (+8) years. The mean age of males was

75.4 (+7.8) years and the females was 77 (+11) years. The

distribution of risk factors is illustrated in Figure 1.

When examining the risk factors present in each group, a

higher incidence of diabetes was found in the group of patients

with significant PAD (21.4%) compared with 15.4% in the CAD

group and 14.9% in the group as a whole. Hypercholesterolemia

was also more prevalent in the PAD group at 61% compared

with 32% in the CAD group and 49.6% in the entire group. A

family history of AAA was more prevalent in the PAD group

(5.3%) compared with 1.9% in the CAD group.

Carotid Artery Disease

Of the 389 patients included in this study, 332 (85.4%) patients

had a CDU scan performed to determine the presence of CAD

at the time of study completion. The remaining 67 did not

attend for their surveillance AAA scan during the study period.

The average age of this group was 76 (+7.6) years. One hun-

dred and one (30.4%) patients had a significant carotid artery

stenosis in 1 or both ICAs. Of these 101 patients, 56 (55.4%)

patients had bilateral disease, and 45 (44.6%) patients had uni-

lateral disease. A total of 202 ICAs in these 101 patients were

classified into 1 of 5 categories according to the severity of

CAD (Figure 2).

Peripheral Arterial Disease

Of the 389 patients included in the study, 289 (74.2%) patients

had either ABI or TBI performed at the time of study comple-

tion to determine the presence of PAD at rest. The remaining

Figure 1. Patient demographics.

Figure 2. Bar chart illustrating distribution of patients with carotid
artery disease (CAD).
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100 either did not attend for their surveillance AAA scan dur-

ing the study period or failed to have the PAD test performed.

The average age was 76 (+8.0) years. Of the 289 patients

included in this group, 131 (45.3%) were found to have PAD

at rest. Of the 131 patients with PAD at rest, 60 (45.8%) were

found to have unilateral PAD and 71 (54.1%) were found to

have bilateral disease.

Combined Disease

A total of 289 patients with AAA had investigations for both

PAD and CAD, and 59 (20.4%) patients had both significant

PAD and CD. The mean (+SD) age in this group was

76 (+8) years. Of the 59 patients, 11 (18.6%) were female and

48 (81.4%) were male.

Discussion

Atherosclerotic conditions coexist, but it is unclear whether

patients with AAA should be screened for other asymptomatic

vascular disorders. The effect of AAA size was not assessed

within this study cohort, as patient numbers precluded this type

of subgroup analysis. This study demonstrated a much higher

incidence of significant CAD (30.4%) than the 6% in the

cardiovascular health study and the 8% in the Framingham

study.22,23 The US Preventative Services Task Force esti-

mate of the prevalence of carotid artery stenosis in general

population-based studies ranges from 0.5% to 0.8%.24 A

meta-analysis concluded that the prevalence of severe carotid

artery stenosis ranged from 0% to 3.1%.25 However, Pilcher

et al demonstrated that 25% of patients with PAD had an

ICA stenosis of >50% similar to the 30.4% in this study.26

Kiernan et al also demonstrated a lower incidence of CAD

(7.7%) when screening patients undergoing coronary artery

bypass grafting.27 They examined various risk factors that

might be associated with a severe carotid artery stenosis and

concluded that the presence of PAD and a carotid bruit

predict the likelihood of a >70% carotid artery stenosis.

Although the literature indicates lower disease prevalence

in the general population relative to these current results,

we acknowledge that our results and conclusions would be

strengthened by the inclusion of a control group of nonaneur-

ysmal patients.

The PAD findings were similar to Sukhija et al who exam-

ined the presence of coronary artery disease, PAD, and cerebro-

vascular disease in 110 men with an AAA.1 Despite their small

male-only sample size, they demonstrated a 46% prevalence of

PAD and a 27% prevalence of cerebrovascular disease com-

pared to the 45.8% and 30.4% in the present study. They also

documented a similar combined PAD and cerebrovascular dis-

ease prevalence of 24% compared to the 20.4% obtained in this

study. Of note, their patients were on average 10 years younger.

A reduced ABI has been shown to be a significant predictor

of CV mortality.28 An ABI <0.9 was associated with a 2.8-fold

increase in the risk of a patient having CV disease compared to

patients who had an ABI >0.9. They also discovered that a

carotid artery stenosis >50% was a strong predictor of CV mor-

tality with a 3.6-fold increase in the chance of CV death. The

exact role of atherosclerosis in the pathogenesis of the growth

of an AAA is widely disputed.29 However, it is clear that

patients with a known AAA are at a greater risk of developing

other atherosclerotic occlusive disease.30 To screen the general

population for asymptomatic CAD is an expensive and time-

consuming task, as surgery for asymptomatic disease is also

controversial and best medical therapy preferred.31 Some of the

present study cohort underwent carotid surgery, but evidence

for this management strategy is changing.31

Conclusion

Both AAA and PAD are coronary heart disease equivalents,

with many risk factors in common. This study further strength-

ens this and demonstrates that patients with an AAA are at high

risk of atherosclerotic disorders in other vascular territories and

therefore this is a group that should be treated with intensive

medical therapy to reduce the risk of stroke or critical limb

ischemia while under AAA surveillance.
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