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Abdominal Aortic Aneurysm Screening:
A Systematic Review and Meta-analysis
of Efficacy and Cost
Andrew J. Ying1,2 and Eshan T. Affan,1,2,3 Sydney, Australia
Background: Abdominal aortic aneurysms (AAA) can cause significant mortality when ruptured
but are often undiagnosed before this time. Population screening of high-risk individuals and
early intervention may mitigate AAA-related mortality. Large trials have demonstrated a mortality
benefit for AAA screening, but adoption is not ubiquitous. This study sought to systematically
review and consolidate the most recent randomized trial evidence on AAA screening in men
and its cost-effectiveness.
Methods: Randomized trials and cost-effectiveness analyses (CEAs) of AAA screening in men
were identified from searching Medline, Embase, CENTRAL, and relevant citation lists. Data
were extracted as hazard ratios or raw event rates. Meta-analysis was conducted using a
random-effects, inverse variance weighted model for continuous variables and Mantel-
Haenszel weighting for event data. Cost estimates of screening were adjusted for inflation
and reported as $US/quality-adjusted life year.
Results: Five studies were identified totaling 175,085 participants (age, 64e83 years) with a
mean 10.6 years of follow-up (4.4e13.1). The AAA detection ranged from 3.3 to 7.7%.
Screening significantly reduced all-cause mortality (hazard ratio, 0.97; 95% confidence interval,
0.96e0.99; P ¼ 0.002), AAA-related mortality (0.65; 95% confidence interval, 0.48e0.89;
P ¼ 0.008), and emergent AAA repair (relative risk, 0.64; 95% confidence interval, 0.46e
0.91; P ¼ 0.02). The number needed to screen to prevent 1 AAA-related death per 10 years
ranged from 209 to 769 individuals. Sixteen CEAs found a mean 16,854 $/QALY (range,
266e73,369).
Conclusions: Wider implementation of population-based AAA screening programs in elderly
men should be considered as it demonstrates a significant and cost-effective reduction in all-
cause mortality as well as AAA-related mortality.
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INTRODUCTION

Ruptured abdominal aortic aneurysms (AAAs) carry

over 50% of in-hospital mortality,1 and the overall

mortality is almost certainly higher when those

who do not survive to hospital are also taken into ac-

count. This is a devastating consequence that may

be prevented through early detection and elective

aneurysm repair. The efficacy of population-based

screening with ultrasound has been investigated in

4 well-known large randomized trials (Chicester,2

MASS,3 Viborg,4 and WA5); however, meta-

analyses of these have shown an equivocal effect

on all-cause mortality despite a significant benefit
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for AAA-related mortality.6,7 As a result, AAA

screening remains controversial with only 2 coun-

tries (UK and Sweden) having implemented na-

tional screening programs.8,9

The recently published viborg vascular (VIVA)

trial10 combined AAA screening with screening for

peripheral vascular disease and subsequent initia-

tion of pharmacologic risk reduction via aspirin

and/or a statin. It represents the first trial of AAA

screening to be initiated since the 1990s. Given the

recent decrease in incidence of AAAs and rise in

endovascular approach to management, the use of

AAA screening warrants re-examination. This study

sought to provide an updated systematic review and

meta-analysis of AAA screening in men, examining

both clinical efficacy and cost-effectiveness.
METHODS
Literature Search
Two separate searches of Embase, Medline, and the

Cochrane Central Register of Controlled Trials were

done via OvidSP up to November 2017. The first tar-

geted randomized trials of AAA and the second its

cost-effectiveness.

The first search used combinations of subject

headings and keywords including ‘‘Abdominal

Aortic Aneurysm’’, ‘‘AAA’’, ‘‘screening’’, and

‘‘randomised trial’’. Search results were screened

independently by 2 authors (A.J.Y. and E.T.A.),

andmanual searching through reference lists of rele-

vant articles was also performed. Letters, posters, ed-

itorials, and conference abstracts were excluded.

Quality of included studies was assessed with the

Cochrane Risk of Bias tool11 for randomized trials.

Reporting of this study was done in accordance

with the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses statement.12

The second search used subject headings ‘‘Cost

effectiveness analysis’’, ‘‘Abdominal Aortic Aneu-

rysm’’, and ‘‘screening test’’. This was limited to

males aged>65 years, English language, and studies

reporting either incremental cost-effectiveness ra-

tios (ICER) or, equivalently, cost per quality

adjusted life year ($/QALY) gained. ICERs were

based on AAA-related mortality.

Full search strategies are shown in Appendix 1.
Data Extraction and Statistical Analysis
The primary efficacy outcomes were predefined as

all-cause mortality and AAA-related mortality. Sec-

ondary outcomes were emergent or elective AAA

repairs and health-care costs. Data were extracted
into a predefined spreadsheet by both the authors

as crude event rates or hazard ratios. Hazard ratios

(rather than event rates) were preferentially used

as the summary statistic,13 although raw event rates

were also used in sensitivity analyses. Meta-

analyses were conducted using RevMan version

5.3 (The Cochrane Collaboration, Copenhagen,

2014). Generic inverse variance weighting was

used to calculate the summary effect sizes for the

odds ratios reported. Heterogeneity was tested

with Cochran’s Q test (Chi-squared) and I2 values.

Study bias was assessed with funnel plots (RevMan

version 5.3).

For the cost-effectiveness studies, currencies

were converted to appropriate USD amounts as

per the exchange rate in the year of publication.14

Adjustments for inflation were also made up to

2017 values.15 Only systematic review was per-

formed of these studies with results presented as

$USD/QALY.
RESULTS
Randomized Trials of AAA Screening
The literature search identified 307 abstracts, and 1

citation was identified through manual searching.

Twelve full texts were reviewed,2e5,10,16e21 and 5

were included in the final analysis.2e5,10 Six texts

were excluded because they were earlier short-

term follow-up results of the included stud-

ies,16e19,21 and 1 was excluded because it included

only female participants20 (Fig. 1).

The final analysis comprised 5 studies totaling

175,085 participants with a mean 10.6 years of

follow-up (range, 4.4 to 13.1). All were large,

well-known studies of AAA screening in elderly

men (age range, 64e83) and assessed to be of good

quality (Appendix 2). The response to screening

invitation ranged from 63.4 to 80.3%, and the

AAA detection rate amongst those screened varied

from 3.3 to 7.7% (Table I).

AAA screening resulted in a large reduction in

AAA-related mortality (relative risk [RR], 0.65;

95% confidence interval [CI], 0.48e0.89;

P¼ 0.008) as well as a smaller but significant reduc-

tion in all-cause mortality (RR, 0.97; 95% CI, 0.96e
0.99; P ¼ 0.002) (Fig. 2). When analyzed using data

extracted as raw event rates rather than hazard ra-

tios, the reduction in all-cause mortality (RR, 0.98;

95% CI, 0.97e1.00; P ¼ 0.007) and AAA-related

mortality (RR, 0.66; 95% CI, 0.49e0.89;

P ¼ 0.006) remained significant (Appendix 3).

Screening reduced the incidence of emergent

AAA repair (RR, 0.64; 95% CI, 0.46e0.91;



307 results via search of Embase, 
Medline and CENTRAL. 

143 duplicates removed  

1 cita on iden fied from manual 
search  

144 abstracts reviewed 

12 full-text reviews 

122 abstracts excluded 
- Not randomized trials 
- Not comparing screening vs 

nonscreening
 - No relevant outcomes 

5 included in systema c review 

7 full texts excluded  
- 6 previous reports of exis ng 

studies 
- 1 study of females only 

Fig. 1. Flow chart of search and study selection.
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P ¼ 0.02) and increased elective repair (RR, 1.94;

95% CI, 1.43e2.61; P < 0.001) (Fig. 3).

In the included studies, the AAA-related mortal-

ity rate ranged from 0.37 to 1.37% per 10 years of

follow-up, and the overall relative risk reduction

was 35%,making the number of individuals needed

to be invited to prevent 1 AAA-related death per

10 years between 209 and 769.

Statistical heterogeneity was seen in most of

the analyses, except for all-cause mortality (Figs. 2

and 3).
Cost-effectiveness
Fourteen publications17,22e34 met the inclusion

criteria for relevant cost-effectiveness analyses,

with 1 publication31 including analyses for 2 coun-

tries, resulting in 15 studies. ICER estimates were

based on either Markov Chain Monte Carlo analysis

or actual retrospective data. ICERs ranged from

$266/QALY to $73,369/QALY with a mean

$16,854/QALY (95% CI, $4932-$28777) (Table II).
DISCUSSION

This systematic review and meta-analysis of AAA

screening on elderly men confirm the clear reduc-

tion in AAA-related mortality previously demon-

strated,6,7 but more importantly, this is the first
recent meta-analysis of AAA screening to convinc-

ingly demonstrate a reduction in all-cause mortal-

ity. This includes long-term data from the 4 large,

extensively analyzed trials of AAA screening but

adds the recently published VIVA trial that exam-

ined combined AAA and peripheral vascular disease

screening with pharmacological risk factor modifi-

cation via aspirin and/or a statin. The relatively large

all-cause mortality benefit seen in VIVA (hazard ra-

tio, 0.93; 95%CI, 0.88e0.98) was a definite contrib-

utor to this result, and the key difference from

previous trials is the use of pharmacotherapy;

thus, it is tempting to assume that the addedmortal-

ity benefit is attributable to pharmacological inter-

vention. However, only 0.05% of those invited for

screening were eventually started on aspirin or a

statin, and VIVA contributed only 10.2% to the

weighting of the summary risk ratio.

The cost-effectiveness threshold (CET) in the

USA is traditionally set at $50,000/QALY based on

previous ICER estimates for renal dialysis.35

Contemporary CETs proposed include the WHO’s

1e3 times Gross Domestic Product36 and $24,283-

$40,112 as opportunity-cost CETs calculated for

the USA by economic modeling.37 Despite a variety

of model parameters used in each study to estimate

the ICERs, the mean ICER of $16,854 found in this

review suggests that AAA screening is almost

certainly below the CET for USA and potentially

other countries with similar AAA prevalence. This

also compares favorably to other well-accepted

screening programs and health interventions. Ex-

amples include breast cancer mammography

($32,000/QALY),38 renal dialysis ($129,090/

QALY),39 prostate cancer screening ($73,000/

QALY),40 prophylactic antibiotics for dental proced-

ures with endocarditis risk ($26,600/QALY),41 and

cervical cancer screening ($41,000/QALY).42

The external validity of AAA screening studies

has been questioned due to the declining global inci-

dence of AAAs. The AAA detection rate in the only 2

national AAA screening programs, Sweden8 and

England,9 was 1.5% and 1.34%, respectively,

compared with the 3.3 to 7.7% seen in randomized

trials. Part of the reason for this is that males are

invited only as they turn 65 years in the national

screening programs, rather than all males aged

65e74 years in the randomized trials. Despite this,

both reports concluded that screening remained

effective in reducing AAA-related mortality. The

attendance rates were also comparable to included

trials (Table I) at 78% in England and 84% in

Sweden.

The applicability of this result to all countriesmay

vary. Most of the included studies were carried out



Table I. Characteristics of included studies

Study Population

Follow-up
(mean
years) n Total

n Analyzed

n Screened AAA detection rateScreening Control

VIVA; Lindholt

2017

Age, 65e74;
Denmark

4.4 50,156 25,074 25,078 18,748/25,074 (74.7%) 619/18,748 (3.3%)

Western Australian;

McCaul 2016

Age, 64e83;
Australia

12.8 38,480 19,249 19,231 12,203/19,249 (63.4%) 875/12,203 (7.2%)

MASS; Thompson

2012

Age, 65e74;
UK

13.1 67,770 33,883 33,887 27,204/33,883 (80.3%) 1334/27,204 (4.9%)

Chichester Men;

Ashton 2007

Age, 65e80;
UK

9.8 6,040 2,995 3045 2216/2995 (74%) 170/2216 (7.7%)

Viborg; Lindholt

2010

Age, 64e73;
Denmark

13.0 12,639 6,333 6,306 4852/6,333 (76.6%) 191/4852 (4%)

MASS, Multicentre Aneurysm Screening Study; VIVA, viborg vascular.

A

B

Fig. 2. Effect of AAA screening on (A) all-cause and (B) AAA-related mortality.

A

B

Fig. 3. Effect of AAA screening on rates of (A) emergent and (B) elective AAA repair.
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Table II. Cost-effectiveness studies

Study Country 2017 US $/QALY (95% CI)
Original
currency Model type

Years of
data/
simulation

Buxton 2002 UK 55,643 (29,389e286054) £28,400 Retrospective data 4

Henriksson 2005 Sweden 14,837 V9,700 Simulation 40

Wanhainen 2005 Sweden 17,009 - Simulation 100

Kim 2007 UK 6,812 (4656e12,454) £2,970 Simulation 30

Kim 2007 UK 22,361 (14,220e45,640) - Retrospective data 7

Montreuil 2008 Canada 6,494 (1984e11,364) $CAN 6,194 Simulation Death

Ehlers 2009 Denmark 73,369 £43,485 Simulation Death

Thompson 2009 UK 15,860 (1012e26,996) £9,400 Retrospective data 10

Lindholt 2010 Denmark 266 (�6,079 to 7,027) V179 Retrospective data 14

Badger 2011 Northern Ireland 5,338 (3,676e9,720) £3,020 Simulation 30

Spronk 2011 Netherlands 6,647 V4,340 Simulation Death

Spronk 2011 Norway 15,100 V9,860 Simulation Death

Sogaard 2012 Denmark 937 £555 Simulation Death

Glover 2014 UK 12,528 (9,328e16,052) £7,370 Simulation 30

Zarrouk 2016 Sweden 21,644 V15,710 Simulation 35
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in European populations, and screening is naturally

less likely to be beneficial in countries with lowAAA

prevalence. For example, AAA prevalence in the

Middle East is only 123 per 100,000, about half of

that of Western Europe (244 per 100,000)43. How-

ever, prevalence is not the only determinant of

screening efficacy. Despite a relatively high AAA

detection rate of 7.2% in the Western Australia

study, there was no reduction in AAA-related mor-

tality and little increase in elective repairs. This may

have been due to a high rate of incidental AAA

detection and thus lower rate of rupture in the con-

trol group.

The psychological and quality-of-life effects of

AAA screening have previously been raised, and

there is evidence that any effect on mental state is

temporary and likely returns to population levels

by 12 months.44e46 There is an effect on physical

quality of life which is postulated to be an effect of

the general health of patients with AAA. The low

rate of false-positives47,48 compared to other

screening programs is also likely responsible for

the limited psychological impact on screened

populations.

Maintenance of the mortality benefit demon-

strated here would need to be verified over longer

term follow-up. Older trials3 noted an attenuation

of the benefit of screening after about 10 years as

those initially screened normal developed AAA

rupture. This also raises the question of whether

rescreening after a given period is warranted, how-

ever, no studies have yet specifically addressed this

observation.

This updatedmeta-analysis reaffirms the ongoing

benefit of AAA screening in elderly men in reducing
all-cause and AAA-related mortality. It is cost-

effective relative to other commonly used screening

programs, and implementation should be consid-

ered by individual countries.
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APPENDIX 1. SEARCH STRATEGY

RCTs of AAA Screening

Databases searched:

EBM Reviews - Cochrane Central Register of Controlled Trials September 2017.

Embase 1974 to 2017 November 03.

Ovid MEDLINE(R) 1946 to October Week 4 2017.

Ovid MEDLINE(R) Daily Update November 03, 2017.

PREMEDLINE (Most Recently Published)

# : Searches Results

1 exp Aortic Aneurysm, Abdominal/or exp Aorta, Abdominal/or exp Aortic Aneurysm/ 130926

2 (aortic aneurysm or aaa).ti. 29,783

3 exp Mass Screening/or exp Population Surveillance/ 585884

4 screen$.ti. 356109

5 1 or 2 135295

6 3 or 4 811142

7 5 and 6 2451

8 (randomized controlled trial or controlled clinical trial).pt. or random$.tw. 3233453

9 7 and 8 307

10 remove duplicates from 9 164

Cost-Effectiveness Analyses

Databases searched:

EBM Reviews - Cochrane Central Register of Controlled Trials September 2017.

Embase 1974 to 2017 November 03.

Ovid MEDLINE(R) 1946 to October Week 4 2017.

Ovid MEDLINE(R) Daily Update November 03, 2017.

Searches Results Type

1 exp "cost utility analysis"/or exp "cost effectiveness analysis"/or exp "cost minimization

analysis"/or exp "health care cost"/or exp "cost control"/or exp "cost benefit analysis"/or

exp "program cost effectiveness"/or exp "cost of illness"/

385,253

2 exp abdominal aorta aneurysm/ 21,306

3 exp screening test/or exp mass screening/or exp screening/ 507,272

4 1 and 2 and 3 233

5 remove duplicates from 4 227



Appendix 2. Quality evaluation
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VIVA
Lindholt 
2017

L L ? L L L H Concurrent  screening for hypertension 
and peripheral disease
Implementa�on of medical therapy

WA
McCaul 
2016

L L ? L L L ? Age discrepancies with other studies
Higher rates endovascular repair (60%)

MASS
Thompson 
2012

L L ? L L L ? Incomplete follow up moving out of 
study area (6.9%)

Chichester 
Ashton 
2007

L L ? ? L L ? Limited geographic area
<50% screen detected AAAs proceeded 
to surgery

Viborg 
Lindholt 
2010

L L ? L L L ? Limited geographic area 

Blinding of participants was not done in any of the studies as this would not be pragmatic. L, low risk of bias (green); ?, unknwon

(yellow); H, high risk (red).
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