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IMPORTANCE Ruptured abdominal aortic aneurysms (AAAs) have mortality estimated at 81%.

OBJECTIVE To systematically review the evidence on benefits and harms of AAA screening
and small aneurysm treatment to inform the US Preventive Services Task Force.

DATA SOURCES MEDLINE, PubMed (publisher supplied only), Database of Abstracts of
Reviews of Effects, and Cochrane Central Register of Controlled Trials for relevant
English-language studies published through September 2018. Surveillance continued
through July 2019.

STUDY SELECTION Trials of AAA screening benefits and harms; trials and cohort studies of
small (3.0-5.4 cm) AAA treatment benefits and harms.

DATA EXTRACTION AND SYNTHESIS Two investigators independently reviewed abstracts and
full-text articles and extracted data. The Peto method was used to pool odds ratios (ORs) for
AAA-related mortality, rupture, and operations; the DerSimonian and Laird random-effects
model was used to pool calculated risk ratios for all-cause mortality.

MAIN OUTCOMES AND MEASURES AAA and all-cause mortality; AAA rupture;
treatment complications.

RESULTS Fifty studies (N = 323 279) met inclusion criteria. Meta-analysis of population-based
randomized clinical trials (RCTs) estimated that a screening invitation to men 65 years or
older was associated with a reduction in AAA-related mortality over 12 to 15 years
(OR, 0.65 [95% CI, 0.57-0.74]; 4 RCTs [n = 124 926]), AAA-related ruptures over 12 to 15
years (OR, 0.62 [95% CI, 0.55-0.70]; 4 RCTs [n = 124 929]), and emergency surgical
procedures over 4 to 15 years (OR, 0.57 [95% CI, 0.48-0.68]; 5 RCTS [n = 175 085]). In
contrast, no significant association with all-cause mortality benefit was seen at 12- to 15-year
follow-up (relative risk, 0.99 [95% CI 0.98-1.00]; 4 RCTs [n = 124 929]). One-time screening
was associated with significantly more procedures over 4 to 15 years in the invited group
compared with the control group (OR, 1.44 [95% CI, 1.34-1.55]; 5 RCTs [n = 175 085]). Four
trials (n = 3314) of small aneurysm surgical treatment demonstrated no significant difference
in AAA-related mortality or all-cause mortality compared with surveillance over 1.7 to 12 years.
These 4 early surgery trials showed a substantial increase in procedures in the early surgery
group. For small aneurysm treatment, registry data (3 studies [n = 14 424]) showed that
women had higher surgical complications and postoperative mortality compared with men.

CONCLUSIONS AND RELEVANCE One-time AAA screening in men 65 years or older was
associated with decreased AAA-related mortality and rupture rates but was not associated
with all-cause mortality benefit. Higher rates of elective surgery but no long-term differences
in quality of life resulted from screening.
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A bdominal aortic aneurysms (AAAs) are often asymptom-
atic, with slow expansion until rupture. AAA screening to
identify and treat aneurysms before rupture can poten-

tially prevent a fatal outcome. To prevent rupture, AAA, defined as
an aneurysm 3.0 cm in diameter or larger, is most commonly surgi-
cally repaired via open repair or endovascular aneurysm repair
(EVAR) when it reaches a diameter of 5.5 cm.1-3 The role of pharma-
cotherapy to slow aneurysm expansion has been uncertain.4

Reported AAA prevalence rates in persons 60 years or older
have declined from 3.9% to 7.2% in the 1990s5,6 to more contem-
porary estimates that range from 1.2% to 3.3%.7,8 The most impor-
tant risk factors for the development of AAA include advanced
age,9,10 male sex,10,11 smoking,4,11-13 and family history of AAA.12-14

In 2014, the US Preventive Services Task Force (USPSTF)
recommended 1-time screening for AAA by ultrasonography in
asymptomatic men aged 65 to 75 years who have ever smoked
(B recommendation).15 The USPSTF concluded that the benefits of
screening do not clearly outweigh the possible harms and recom-
mended that clinicians selectively offer screening for AAA in men
aged 65 to 75 years who have never smoked (C recommendation).15

Also, the USPSTF recommended against routine screening for AAA
in asymptomatic women who have never smoked (D recommen-
dation) and determined that there was insufficient evidence for
screening women aged 65 to 75 years who have ever smoked
(I statement).15 This review was prepared to inform an updated rec-
ommendation by the USPSTF on the evidence related to the effec-
tiveness of 1-time and repeat screening for AAA and possible re-
lated harms, as well as the effectiveness and related harms of
treatment (pharmacotherapy or surgery) of small AAAs (3.0-5.4 cm
in diameter).

Methods
Scope of Review
Five key questions (KQs) (Figure 1) were developed to identify the
benefits (KQ1) and harms (KQ3) of 1-time screening for AAA, the ef-
fects of rescreening for AAA on health outcomes or AAA incidence
(KQ2), and the effectiveness (KQ4) and harms (KQ5) of treatment
of small AAA (3.0-5.4 cm in diameter). Additional methodological
details are publicly available in the full evidence report at http://
www.uspreventiveservicestaskforce.org /Page/Document/
UpdateSummaryFinal/abdominal-aortic-aneurysm-screening1.

Data Sources and Searches
To identify studies published since the 2014 USPSTF review,17

literature searches were conducted from January 2013 through
September 4, 2018, in MEDLINE, PubMed (for publisher-supplied
records only), the Database of Abstracts of Reviews of Effects, and
the Cochrane Central Register of Controlled Trials (eMethods in the
Supplement). Additional studies were located by reviewing refer-
ence lists of other systematic reviews and through suggestions by
experts. Ongoing surveillance was conducted after September 2018
through July 26, 2019, to identify newly published studies that may
affect the findings of the review. This was accomplished through tar-
geted searches of journals with a high impact factor and journals rel-
evant to the topic to identify major studies that might affect the con-
clusions or understanding of the evidence and therefore the related

USPSTF recommendation. No additional articles were identified dur-
ing the surveillance period.

Study Selection
Two reviewers independently evaluated articles from the previous
review in addition to citations and full-text articles from the litera-
ture searches against specified inclusion criteria (eTable 1 in the
Supplement). Eligible screening studies used ultrasound as the
screening modality for identifying AAA in asymptomatic adults older
than 50 years. Only randomized clinical trials (RCTs) comparing 1-time
screening with no screening were used to evaluate the effective-
ness of screening for AAA (KQ1). When assessing the benefits of re-
peated AAA screening and the harms of screening for AAA, RCTs and
large cohort studies (n �1000) of asymptomatic adult popula-
tions were considered (KQ2 and KQ3). Studies of the effectiveness
of treatment and related harms focused on individuals with small
AAAs (3.0-5.4 cm in diameter) because the majority of screen-
detected aneurysms are small. The effectiveness of treating small
AAAs (KQ4) was examined through RCTs evaluating surgical inter-
vention or pharmacotherapeutic treatment compared with surveil-
lance, usual care, or placebo. The criteria for assessing harms of treat-
ing small AAAs (KQ5) included RCTs, observational studies, and
registry data related to surgical harms. The results for pharmaco-
therapy interventions for KQ4 and KQ5 are not reported in depth
in this article but are presented in the Supplement and available in
the full report.

Data Extraction and Quality Assessment
Two reviewers applied USPSTF design-specific criteria16 to
assess the methodological quality of all eligible studies, and studies
were evaluated to be good or fair quality using items from the
Newcastle-Ottawa Scale18 and USPSTF quality rating standards.16

Each study was assigned a quality rating of “good,” “fair,” or “poor.”
Discordant quality ratings were resolved by discussion or by a third
reviewer and adjudicated as needed. Studies were rated as poor
quality and excluded if there was a major flaw such as very high
attrition (generally >40%); differential attrition between interven-
tion groups (generally >20%); substantial lack of baseline compara-
bility between groups without adjustment; or major concerns
about the trial conduct, analysis, or reporting of results. Poor-
quality observational studies had multiple threats to internal valid-
ity and were excluded from the review. One reviewer extracted
data from all included studies rated as fair or good quality directly
into summary tables, and a second reviewer checked the data
for accuracy.

Subpopulations of interest were selected a priori based on the
previous review and recommendation statement, established char-
acteristics associated with the development of AAA, and feedback
received from 3 key informants during the scoping phase. The sub-
population approach described in Whitlock et al19 was followed to
audit outcomes and rate the credibility of the subpopulation data
provided by included studies.

Data Synthesis and Analysis
To evaluate the effectiveness of screening for AAA, all-cause mor-
tality and AAA-related mortality, rupture, and emergency surgical
procedures were examined in RCTs that compared screening vs no
screening. The primary analysis for all-cause mortality pooled
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calculated risk ratios using the DerSimonian and Laird20 random-
effects model, since statistical heterogeneity was low (I2 = 0%,
τ2 = 0.0). The Peto method was used to pool odds ratios (ORs) for
AAA-related mortality, rupture, and emergency surgical proce-
dures because events were rare and trials had a similar number of
participants in both study groups.21

Meta-analyses of the rescreening studies included in KQ2 were
not conducted because of substantial differences in patient popu-
lation, length of follow-up, and outcomes reported.

To analyze the harms of screening vs no screening in KQ3, 30-day
mortality after elective surgery, 30-day mortality after emergency
surgery, overall operations, elective operations, emergency opera-
tions, and quality of life (QOL) measures were examined. Only 2 trials
reported 30-day mortality after elective surgery and 30-day mor-
tality after emergency surgery outcomes; therefore, those trials were
not pooled. The Peto method was used to pool overall operations,
elective operations, and emergency operations, as described un-
der KQ1. Because of the substantial difference in quality-of-life mea-

surements and insufficient reporting of data (eg, lack of variation
parameters), these data could not be pooled in the studies of screen-
ing vs no screening.

All statistical testing was 2-sided, and P < .05 was considered
statistically significant. Statistical heterogeneity was examined across
trials with the I2 statistic and χ2 test of heterogeneity. Stata version
15.1 (StataCorp) was used for all analyses.

The effectiveness of early intervention (KQ4) and associated
harms of treating small AAAs (KQ5) was evaluated by capturing AAA
growth, all-cause mortality, AAA-related mortality, and aneurysm
ruptures. The data were narratively described and presented in data
tables. Meta-analyses were not conducted because of the small num-
ber of studies of each intervention type.

The strength of evidence was rated for each key question based
on consistency (similarity of effect direction and size), precision
(degree of certainty around an estimate), reporting bias (potential
for bias related to publication, selective outcome reporting, or se-
lective analysis reporting), and study quality (ie, study limitations).

Figure 1. Analytic Framework: Primary Care Screening for Abdominal Aortic Aneurysm

Key questions

What are the harms of treatment in an asymptomatic, screen-detected population with small AAAs (ie, aortic diameter of 3.0-5.4 cm)?

a. Do the harms of treatment of small AAAs vary among subpopulations (ie, by age, sex, smoking status, family history, or race/ethnicity)?

5

What are the effects of rescreening for AAA on health outcomes or AAA incidence in a previously screened, asymptomatic population without 
AAA on initial screening?

a. Do the effects of rescreening for AAA vary among subpopulations (ie, by age, sex, smoking status, family history, or race/ethnicity)?

b. Do the effects of rescreening for AAA vary by the time interval between screenings?

2

What are the effects of treatment (pharmacotherapy or surgery) on intermediate and health outcomes in an asymptomatic, screen-detected
population with small AAAs (ie, aortic diameter of 3.0-5.4 cm)?

a. Do the effects of treatment of small AAAs vary among subpopulations (ie, by age, sex, smoking status, family history, or race/ethnicity)?

4

a. Do the effects of 1-time screening for AAA vary among subpopulations (ie, by age, sex, smoking status, family history, or race/ethnicity)? 

What are the effects of 1-time screening for abdominal aortic aneurysm (AAA) on health outcomes in an asymptomatic population 50 years or older?1

a. Do the harms of 1-time and repeated screening for AAA vary among subpopulations (ie, by age, sex, smoking status, family history,
or race/ethnicity)?

What are the harms of 1-time and repeated screening for AAA?3

Surgery

Pharmacotherapy, surgery
Asymptomatic

adults 50 y
or older

Screening test

Reduced AAA-specific,
cardiovascular,
and all-cause mortality

Reduced cardiovascular
morbidity

Reduced aneurysm
rupture rate

Health outcomes

1

4

Harms of
treatment 

5

Harms of
screening 

3

AAA 3.0-5.4 cm Intermediate
health outcomes

Negative screen
result

AAA ≥5.5 cm

2

Evidence reviews for the US Preventive Services Task Force (USPSTF) use an
analytic framework to visually display the key questions that the review will
address to allow the USPSTF to evaluate the effectiveness and safety of a
preventive service. The questions are depicted by linkages that relate

interventions and outcomes. A dashed line depicts a health outcome that
follows an intermediate outcome. Refer to USPSTF Procedure Manual for
further details.16 AAA indicates abdominal aortic aneurysm.
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Results

Two reviewers evaluated 3946 citations and 137 full-text articles
against inclusion criteria, and 33 studies (69 articles)5,6,8,22-88 met
inclusion criteria for this systematic review (Figure 2). Nine new
studies were included (4 RCTs,24,57,63,79 2 cohort studies,80,82 and
3 registry studies27,60,70) and 24 studies (13 RCTs, 8 cohort studies,
1 case-control study, and 2 registry studies) were carried forward
from the previous USPSTF report.

Benefits of Screening
Key Question 1. What are the effects of 1-time screening for AAA on
health outcomes in an asymptomatic population 50 years or older?

Two fair-5,23 and 2 good-quality6,83 population-based screen-
ing RCTs assessed AAA screening effectiveness on AAA-specific
mortality and all-cause mortality (Table 1): the Multicenter Aneu-
rysm Screening Study (MASS)22,45,46,83,84; the Chichester, United
Kingdom, screening trial23,76,78,86; the Viborg County, Denmark,
screening trial6,54-56,58; and the Western Australia screening
trial.5,65,66,81,88 The trials randomized participants to either an

invitation to 1-time ultrasound screening or a usual care control
group. All trials defined AAA as an aortic diameter of 3.0 cm or
greater, and AAA prevalence varied from 4% to 7.6%; the majority
of screen-detected AAAs were smaller than 4.5 cm in diameter.
Mean or median follow-up in these 4 population-based screening
trials ranged from 12.8 to 15 years, with short-term results pub-
lished at 3- to 5-year intervals.

One additional new population-based screening trial in
Denmark (Viborg Vascular [VIVA]) was included solely for the out-
come of number of operations.57 VIVA randomized participants to
a multicomponent screening vs no screening for hypertension,
peripheral artery disease, and AAA. Participants with confirmed
AAA or peripheral artery disease were counseled to initiate preven-
tive interventions, with aspirin and statin therapy prescribed to
those meeting a total cholesterol threshold value.57 The effects of
AAA screening alone could not be independently assessed with
respect to all-cause mortality or AAA mortality because multicom-
ponent screening and cardiovascular disease (CVD)–prevention
interventions were administered; however, the number of proce-
dures was included in this review, as they would almost exclusively
be expected to be attributable to AAA screening.

Figure 2. Literature Search Flow Diagram: Primary Care Screening for Abdominal Aortic Aneurysm

3888 Citations identified through KQ literature
database searches (January 2013 through
September 18, 2018)

58 Citations identified from 2015
USPSTF AAA review

3809 Excluded based on review of
titles and abstracts

19 Articles (4 studies)
included for KQ1

12 Articles (8 studies)
included for KQ2

50 Articles reviewed for KQs 1-3 87 Articles reviewed for KQs 4 and 5

137 Full-text articles assessed for
eligibility for KQs 1-5

3946 Citations screened after
duplicates removed

24 Articles (8 studies)
included for KQ3

24 Articles (11 studies)
included for KQ4

31 Articles excluded for KQ1
3 Aim
0 Setting
0 Population
9 Outcomes
2 Intervention

16 Study design
0 Comparative

effectiveness
0 Quality
1 Publication type

38 Articles excluded for KQ2
4 Aim
0 Setting
0 Population

27 Outcomes
2 Intervention
4 Study design
0 Comparative

effectiveness
0 Quality
1 Publication type

26 Articles excluded for KQ3
1 Aim
0 Setting
0 Population

16 Outcomes
0 Intervention
7 Study design
1 Comparative

effectiveness
0 Quality
1 Publication type

63 Articles excluded for KQ4
4 Aim
0 Setting

32 Population
8 Outcomes
1 Intervention

10 Study design
1 Comparative

effectiveness
1 Quality
6 Publication type

53 Articles excluded for KQ5
2 Aim
0 Setting

34 Population
4 Outcomes
1 Intervention
5 Study design
1 Comparative

effectiveness
0 Quality
6 Publication type

34 Articles (17 studies)
included  for KQ5

Reasons for exclusion: Aim: Study aim was not relevant. Setting: Study was not
conducted in a country relevant to US practice, or not conducted in, recruited
from, or feasible for primary care or a health system. Population: Study was not
conducted in an included population. Outcomes: Study did not have relevant
outcomes or had incomplete outcomes. Intervention: Intervention was out of

scope. Study design: Study did not use an included design. Comparative
effectiveness: Active comparator. Quality: Study was poor quality. Publication
type: Abstract-only, non-English publication. AAA indicates abdominal aortic
aneurysm; KQ, key question; USPSTF, US Preventive Services Task Force.
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AAA-specific mortality in men was the primary outcome of the
4 screening trials. A meta-analysis of the trials5,23,58,83 (n = 124 929)
estimated a statistically significant lower AAA-specific mortality over
12 to 15 years of follow-up associated with an invitation to screen-
ing, with high heterogeneity (Peto OR, 0.65 [95% CI, 0.57-0.74];
I2 = 80%; number needed to screen, 305 men [95% CI, 248-411])
(Figure 3). A meta-analysis of all-cause mortality in men from the 4
screening trials5,23,58,83 (n = 124 929) did not reach statistical sig-
nificance (relative risk [RR], 0.99 [95% CI, 0.98-1.00]; I2 = 0%)
(Figure 4). Only the MASS trial reported a statistically significant
lower all-cause mortality (hazard ratio, 0.97 [95% CI, 0.95-0.99]).83

In addition to mortality outcomes, the screening trials reported
ruptures and emergency operations among primarily male study
populations. Pooled results of 4 trials5,23,58,83 (n = 124 929)
showed a statistically significant lower risk of AAA rupture associ-
ated with the invitation to screening (Peto OR, 0.62 [95% CI, 0.55-
0.70]; I2 = 53%; number needed to screen, 246 men [95% CI, 207-
311]) (Figure 3). An invitation to screening in 5 trials5,23,57,58,83

(n = 175 085) was also associated with a statistically significant
lower risk of emergency operations in the screening group
(Peto OR, 0.57 [95% CI, 0.48-0.68]; I2 = 27%) (Figure 5). This
would reduce the number of emergency procedures by 2 per 1000
men screened (95% CI, 2-2).

Patients invited to participate in the screening trials were pre-
dominantly men. Only the Chichester trial23,76 examined AAA screen-
ing in women (59% of participants [n =9342] were women), show-
ing that women had a lower AAA prevalence compared with men
(1.3% vs 7.6%).76,78 There was no significant difference between the
invited and control groups for women in AAA-related or all-cause
mortality at 5 years (AAA mortality: 0.06% vs 0.04%; all-cause mor-
tality: 10.7% vs 10.2%) or AAA rupture rate at 10-year follow-up
(0.2% in both groups), but the trial was underpowered.

Benefits of Rescreening
Key Question 2. What are the effects of rescreening for AAA on
health outcomes or AAA incidence in a previously screened, asymp-
tomatic population without AAA on initial screening?

No trial-level evidence examined the effectiveness of
1-time screening plus rescreening compared with 1-time screening
alone. Seven cohort studies (5 fair-quality,32,34,7 7,80,82 2
good-quality30,31,36,49,62,67) and 1 fair-quality case-control study59

recruited screen-negative participants (AAA diameter 2.5-2.9 cm
or 2.6-2.9 cm,32,34,59,67,80 <2.5 cm,82 or �3 cm49,77) and adminis-
tered various rescreening protocols (rescreening every 1 to 5
years with 1 to 6 repeated scans), reporting the proportion of ini-
tially screen-negative aortas that reached 5.0 or 5.5 cm at the

Figure 3. Pooled Analysis of Abdominal Aortic Aneurysm–Related Mortality and Ruptures (Men Only) for Rupture in 1-Time Screening Trials

Weight, %
Favors

Screening
Favors No
Screening

310.1
Peto OR (95% CI)

No. With Event/Total (%)

Intervention ControlSource
AAA mortality

Mean
Follow-up, y Peto OR (95% CI)

10.3515 47/2995 (1.6) 54/3045 (1.8)Chichester,23 2007 0.88 (0.60-1.31)
62.4913.1 224/33 883 (0.7) 381/33 887 (1.1)MASS,83 2012 0.59 (0.50-0.70)
7.6713 19/6333 (0.3) 55/6303 (0.9)Viborg,58 2010 0.37 (0.24- 0.59)
19.5012.8 90/19 249 (0.5) 98/19 231 (0.5)Western Australia,5 2016 0.92 (0.69-1.22)
100.0Subtotal

I 2 = 79.7%, P = .002
0.65 (0.57-0.74)

Rupture
10.6515 54/2995 (1.8) 63/3045 (2.1)Chichester,23 2007 0.87 (0.60-1.25)
68.7413.1 273/33 883 (0.8) 476/33 887 (1.4)MASS,83 2012 0.58 (0.50-0.67)
4.8113 16/6333 (0.3) 36/6306 (0.6)Viborg,58 2010 0.46 (0.27-0.79)
15.8012.8 72/19 249 (0.4) 99/19 231 (0.5)Western Australia,5 2016 0.73 (0.54- 0.98)
100.0Subtotal

I 2 = 53.3%, P = .09
0.62 (0.55-0.70)

OR indicates odds ratio.

Figure 4. Pooled Analysis of All-Cause Mortality (Men Only) in 1-Time Abdominal Aortic Aneurysm Screening Trials

Weight, %
Favors

Screening
Favors No
Screening

210.7
RR (95% CI)

No. With Event/Total (%)

Intervention ControlSource
Mean
Follow-up, y RR (95% CI)

11.4915 2036/2995 (68.0) 2067/3045 (67.9)Chichester,23 2007 1.00 (0.97-1.04)
42.8213.1 13 858/33 883 (40.9) 14 134/33 887 (41.7)MASS,83 2012 0.98 (0.96-1.00)
9.9213 2931/6333 (46.3) 2964/6306 (47.0)Viborg,58 2010 0.98 (0.95-1.02)
35.7712.8 9739/19 249 (50.6) 9832/19 231 (51.1)Western Australia,5 2016 0.99 (0.97-1.01)
100.0Subtotal

I 2 = 0.0%, P = .74
0.99 (0.98-1.00)

Weights are from random-effects analysis. RR indicates relative risk.
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repeat scan (eTables 2 and 3 in the Supplement). This group of
heterogeneous studies reported that AAA-related mortality over
5 to 12 years was rare (<3%) among participants with normal aor-
tas (<3 cm) on the initial scan. On rescreening, few aortas (0%-
2%) grew to larger than 5 cm at 5 years,32,34,49,59,80 and 0% to
15% had progressed at 10 years (eTable 2 in the Supplement).31,77

Four studies reported no AAA ruptures or AAA-related
deaths32,49,80,82 at 4- to 5-year follow-up; 1 population screening
program reported 2.4% ruptures at 7.9-year median follow-up
(eTable 2 in the Supplement).31 Overall, this heterogenous body
of literature was too limited to make conclusions about the effec-
tiveness of rescreening.

Harms of Screening
Key Question 3. What are the harms associated with 1-time and re-
peated screening?

Two population-based screening trials reported no statisti-
cally significant difference in 30-day operative mortality from
elective surgical procedures (RR, 0.76 [95% CI, 0.40-1.45]83; RR,
0.82 [95% CI, 0.43-1.57]5) and emergency surgical procedures
(RR, 1.43 [95% CI, 0.90-2.25]5; RR, 0.98 [95% CI, 0.68-1.43]83)
among those invited to screening compared with those in the
control group at 12.8- to 13.1-year follow-up (Table 1). All 5 screen-
ing trials reported more AAA-related operations in the invited
group than in the control group, with 1.1% to 2.9% of the
screened group undergoing surgical repair compared with 0.6%
to 2.4% of the control group.5,23,57,58,83 The pooled data esti-
mated significantly more procedures in the invited group com-
pared with the control group (Peto OR, 1.44 [95% CI, 1.34-1.55];

I2 = 74%) (Figure 5). Implementing a screening program would
increase the total number of operations per 1000 men by 6 (95%
CI, 5-8). Elective operations were also consistently more common
in the screened group (1.0%-2.8%) than in the control group
(0.4%-2.2%) in all 5 trials5,23,57,58,83 (Figure 5, Table 1). Pooled
analysis of these trials confirmed a higher elective operation rate
in the screened group than in the control group (Peto OR, 1.75
[95% CI, 1.61-1.90]; I2 = 89%) (Figure 5, Table 1). This would
increase the number of elective operations by 8 per 1000 men
screened (95% CI, 6-9).

There were no RCTs assessing the harms of rescreening vs no
rescreening in participants with normal-sized aortas (<3.0 cm) on
initial screening. Six fair-quality cohort studies examined proce-
dure rates in rescreened cohorts.32,49,59,67,80,82 Five of these
studies showed a low procedure rate (0%-4%) at up to 5-year
follow-up32,49,59,80,82; a single screening program reported a
higher procedure rate of 10.9% at 7.8-year mean follow-up
(eTable 2 in the Supplement).67

Two subsamples of screening RCTs5,22,81,83 and 3 small cohort
studies52,61,87 had mixed results but generally showed no substan-
tial differences in QOL or mood scores between screen-positive and
screen-negative participants at up to 12 months’ follow-up; 1 of these
RCTs (MASS) reported lower QOL scores at 6 weeks, but all scores
were within age-matched population normal standards.22,83

Benefits of Early Treatment for Small AAAs
Key Question 4. What are the effects of treatment on intermediate
and health outcomes in an asymptomatic, screen-detected popu-
lation with small AAAs (ie, aortic diameter of 3.0-5.4 cm)?

Figure 5. Pooled Analysis of Operations (Men Only) in 1-Time Abdominal Aortic Aneurysm Screening Trials

Weight, %
More With
Usual Care

More With
Screening

No. With Event/Total (%)

Intervention ControlSource
All operations

Mean
Follow-up, y Peto OR (95% CI)

3.4015 57/2995 (1.9) 40/3045 (1.3)Chichester,23 2007 1.45 (0.97-2.17)
39.3613.1 680/33 883 (2.0) 443/33 887 (1.3)MASS,83 2012 1.54 (1.37-1.73)
14.954.4 277/25 078 (1.1) 146/25 078 (0.6)VIVA,57 2017 1.87 (1.54-2.26)
6.9113 109/6333 (1.7) 88/6306 (1.4)Viborg,58 2010 1.24 (0.93-1.64)
35.3912.8 562/19 249 (2.9) 458/19 231 (2.4)Western Australia,5 2016 1.23 (1.09-1.40)
100.0Subtotal

I 2 = 74.1%, P = .004
1.44 (1.34-1.55)

Elective operations
2.5615 41/2995 (1.4) 19/3045 (0.6)Chichester,23 2007 2.13 (1.28-3.55)
37.2813.1 600/33 883 (1.8) 277/33 887 (0.8)MASS,83 2012 2.11 (1.85-2.41)
14.594.4 240/25 078 (1.0) 101/25 078 (0.4)VIVA,57 2017 2.27 (1.84-2.81)
5.6713 89/6333 (1.4) 44/6306 (0.7)Viborg,58 2010 1.97 (1.40-2.78)
39.9012.8 536/19 249 (2.8) 414/19 231 (2.2)Western Australia,5 2016 1.30 (1.14-1.48)

100.0
Subtotal
I 2 = 88.5%, P <.001

1.75 (1.61-1.90)

Emergency operations
7.4015 16/2995 (0.5) 21/3045 (0.7)Chichester,23 2007 0.77 (0.41-1.48)
49.2913.1 80/33 883 (0.2) 166/33 887 (0.5)MASS,83 2012 0.50 (0.39-0.64)
16.464.4 37/25 078 (0.1) 45/25 078 (0.2)VIVA,57 2017 0.82 (0.53-1.27)
12.8113 20/6333 (0.3) 44/6306 (0.7)Viborg,58 2010 0.47 (0.29-0.77)
14.0512.8 26/19 249 (0.1) 44/19 231 (0.2)Western Australia,5 2016 0.60 (0.37-0.95)
100.0Subtotal

I 2 = 26.7%, P = .24
0.57 (0.48-0.68)

310.2

Peto OR (95% CI)

OR indicates odds ratio.
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Four trials evaluated the effectiveness of immediate surgical re-
pair of small aneurysms (4-5.4 cm) vs surveillance every 3 to 6
months until the aneurysm reached 5.5 cm, rapidly expanded
(>1 cm/y), or became symptomatic. The Aneurysm Detection and
Management trial (ADAM)51 and the UK Small Aneurysm Trial
(UKSAT)74 evaluated the effectiveness of early open surgery, and the
Comparison of Surveillance vs Aortic Endografting for Small Aneu-
rysm Repair (CAESAR)29 and Positive Impact of Endovascular Op-
tions for Treating Aneurysm Early (PIVOTAL) trial69 evaluated EVAR
interventions (Table 2).

The CAESAR29 and PIVOTAL trials69 terminated recruitment
early because of interim analysis concluding intervention futility, but
participants who had already been enrolled completed scheduled
follow-up visits.

The 4 trials of early surgery found no significant differences
in all-cause or AAA-specific mortality at any follow-up time
between participants receiving early surgical repair vs those
under surveillance (Table 2).29,51,69,74 An individual patient data
analysis (n = 2226) of the 2 trials of open repair additionally sup-
ported no survival benefit (adjusted hazard ratio, 0.99 [95% CI,
0.83-1.18]).37 Ruptures were rare events in all surgical trials; how-
ever, participants who underwent early open repair had a signifi-
cant reduction in the rate of rupture compared with those who
underwent surveillance at each follow-up interval (RR, 0.18 [95%
CI, 0.04-0.81] at 4.9 years [n = 1136]; RR, 0.33 [95% CI, 0.13-
0.83] at 4.6 years [n = 1090]; RR, 0.51 [95% CI, 0.26-0.99] at 12
years [n = 1090]) (Table 2).51,73,74 There were only 3 ruptures in
the EVAR trials, making comparisons challenging. Overall, there
were more surgical interventions in the early surgery groups than
in the surveillance groups undergoing mostly elective surgical
procedures (Table 2).

Seven short-term drug trials (n = 1553) of antibiotics, antihy-
pertensive medications, and mast cell stabilizers showed no over-
all effect on AAA growth compared with placebo. Details are pro-
vided in the full evidence report and in eTable 4 in the Supplement.

Harms of Early Treatment for Small AAAs
Key Question 5. What are the harms of treatment in an asymptom-
atic, screen-detected population with small AAAs (ie, aortic diam-
eter of 3.0-5.4 cm)?

The 4 trials of early surgery29,51,69,74 and 5 registry publica-
tions reported complication rates for surgical patients with AAAs
smaller than 5.5 cm27,40,60,70,71 (Table 3 and Table 4).

Both the ADAM trial and UKSAT reported no significant differ-
ence in 30-day postoperative mortality rates in the early open
repair and surveillance groups (2.1% vs 1.8% in ADAM; 5.0% vs
6.3% in UKSAT) (Table 3).51,74 The 2 largest and most contempo-
rary registries (2011 to 2015; 2010 to 2013) capturing open repairs
of small aneurysms reported a 30-day operative mortality rate
within the range reported in these trials (3.1% and 3.5%)
(Table 3).27,70 Thirty-day operative mortality after EVAR in both the
CAESAR and PIVOTAL trials was rare (Table 4).29,69 The 2 largest
and most contemporary registries (2011 to 2015 in the American
College of Surgeons National Surgical Quality Improvement Pro-
gram [ACS NSQIP]; 2010 to 2013 in Vascunet) capturing EVAR of
small aneurysms reported a 30-day operative mortality rate for
EVAR of 0.7%.27,70 The 2 oldest registries reported slightly higherTa
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mortality rates from EVAR (1.1% in Australian Safety and Efficacy
Register of New Interventional Procedures–Surgical [ASERNIP-S];
1.6% in European Collaborators on Stent/Graft Techniques for Aor-
tic Aneurysm Repair [EUROSTAR]) (Table 4).40,71

Only the ADAM trial reported adverse event rates for the open
repair intervention and control groups, and results were mixed.
The rate of 30-day readmissions was not significantly different
between the surgery and surveillance groups, nor were the overall
complication rates significantly different (Table 3).51 Furthermore,
the event rate for total major complications was higher in the sur-
veillance group than the early treatment group (7.6% vs 4.6%, no
statistical testing reported), with a significantly higher risk of
surgery-related myocardial infarction reported in the surveillance
group (1.0% vs 3.8%, P = .004). The ACS NSQIP registry reported
overall 30-day morbidity for open repair as approximately 69.4%
at 30 days after intervention, with the most common complication
being bleeding (Table 3).70

Complications were variably reported in the 2 trials of
EVAR.29,69 In the CAESAR trial, the percentage of patients with any
adverse events was significantly higher at 32.4-month follow-up in
the early EVAR group compared with the surveillance group (19.1%
vs 5.1%, P < .01). In addition, the percentage of patients with any
morbidity related to repair at 30 days was also higher in the EVAR
group compared with the surveillance group (17.7% vs 6.0%,
P = .01).29 Rates of any major morbidity (3.4% vs 4.7%) and 30-day
endoleaks (16% vs 8.2%) were not significantly different in the
early EVAR compared with the surveillance groups, but the early
EVAR group had significantly more endoleaks at 1 year (12% vs

2.4%, P = .03) and significantly more reinterventions than the
group undergoing surveillance (5.7% vs 0%, P = .03) (Table 4). The
PIVOTAL trial reported rates of endoleaks in the early intervention
and surveillance groups at 30 days after intervention (11.9% vs
10.3%) and at 1 year (26.1% vs 35.1%), but statistical testing was not
reported (Table 4).

Two EVAR registries (ASERNIP-S40 and EUROSTAR71) and the 1
registry of both open repair and EVAR (ACS NSQIP)70 reported
complication rates after EVAR intervention on small AAAs
(Table 4). Registry data reported a composite of major or systemic
complication rates for EVAR ranging from 12% to 29% at 30 days
after intervention, which is consistent with trial data.29,69-71

ASERNIP-S and ACS NSQIP reported reintervention rates within 30
days of EVAR of approximately 3%40,70; these rates are likewise
comparable to trial data.29,69 The ACS NSQIP reported readmission
rates for small AAAs at 30-day postintervention as 6.8% after
EVAR.70 Readmission rates were not reported in the trials, so these
data cannot be compared with trial findings. ASERNIP-S and
EUROSTAR reported the occurrence of endoleaks at 20% and 31%,
respectively, at 3- to 4-year follow-up.40,71

Eight short-term drug trials (n = 1598) reported high rates of
adverse event–related discontinuation with propranolol (38% and
60% of the propranolol groups withdrew from the trials); other
medications (including other antihypertensive medications
[angiotensin-converting enzyme inhibitors, calcium channel block-
ers], antibiotics), apparently well tolerated based on few trial with-
drawals, were reported in 1 to 2 studies per drug class (eTable 5 in
the Supplement).

Table 3. Harms Associated With Open Abdominal Aortic Aneurysm Repair, Randomized Clinical Trial and Registry Data

Source
Mean
Follow-up, y

No. of
Participants
Analyzed

No. (%)

Major Complications

30-d Mortality
After Elective
Repair

Reintervention
Rates

Readmission
Rates in 30 d

Randomized Clinical Trial Data

ADAM
Lederle et al,51

2002

4.9 866 (526
intervention,
340 control)

Intervention:
11 (2.1)a

Control: 6 (1.8)a

Intervention:
9 (1.7)b

Control: 4 (1.2)b

Intervention:
108 (20.5)b

Control: 56 (16.5)b

Interventionb:
Any major complication: 24 (4.6)
MI: 5 (1.0)c

Stroke: 3 (0.6)
Pulmonary embolism: 4 (0.8)

Controlb:
Any major complication: 26 (7.6)
MI: 13 (3.8)c

Stroke: 2 (0.6)
Pulmonary embolism: 1 (0.3)

UKSAT
Powell et al,74

2007

12 915 (526
intervention,
389 control)

Intervention:
26 (5.0)

Control: 25 (6.3)

NR Intervention:
30 (6.3)

Control: NRd

NR

Registry Data

ACS NSQIP
Overbey et al,70

2017

NR 705 25 (3.5) 64 (9.1) 44 (6.2) MI: 24 (3.4)
Stroke: 5 (0.7)
Pulmonary embolism: 3 (0.4)
Overall morbidity within 30 d of surgery: 69.4%
Bleeding complications: 460 (65.2)

Vascunet
Budtz-Lilly et al,27

2017

NR 12 610 391 (3.1)e NR NR NR

Abbreviations: AAA, abdominal aortic aneurysm; ACS NSQIP: American
College of Surgeons National Surgical Quality Improvement Program;
ADAM, Abdominal Aortic Aneurysm Detection and Management study;
MI, myocardial infarction; NR, not reported; UKSAT, UK Small Aneurysm Trial.
a Operative mortality associated with the repair of unruptured AAA.
b Follow-up timing NR.

c P < .05.
d Intervention group: From 1-year follow-up data; the use of bifurcated grafts

(12/30 [40%]) was associated with a 2-fold increase in the risk of reoperation
(P = .03).

e Defined as hospital death or death within 30 days of surgery.
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Screening and Treatment Among Subpopulations
There was limited credible subpopulation information from the
body of included studies. The Western Australia trial5 showed
that smoking was associated with a higher risk of all-cause mor-
tality (OR, 1.59 [95% CI, 1.47-1.72]) and AAA-related mortality
(OR, 2.95 [95% CI, 1.04-8.43]) in the screened group, but no
included study examined differential screening benefits by smok-
ing status or family history (KQ1a). Subgroup analyses in the
Viborg and Western Australia trials suggested that there is no dif-
ferential screening effect on mortality by age.5,58 The Chichester
trial23,76 recruited 9342 women and showed a lower prevalence
of AAA in women compared with men (1.3% vs 7.6%), with most
screen-detected AAAs measuring 3.0 to 3.9 cm.76,78 There was
no significant difference in AAA rupture rates among women at
10-year follow-up (0.2% in both the screened and unscreened
group) or in AAA-related mortality (0.06% vs 0.04%) or all-cause
mortality (10.7% vs 10.2%) at 5 years between the invited and
control groups; however, the trial was underpowered. Based on 2
trials of open repair, there was no differential treatment effect on
all-cause mortality by sex (KQ4a).51,73 Registry data, however,
showed a higher rate of postoperative mortality after elective
repair of small AAAs in women compared with men, regardless of
the surgical technique (KQ5a).27,40,60

Discussion
This review, performed since the previous systematic review for
the USPSTF in 2014,17 included the following new data: (1) the
final long-term follow-up from the Western Australia trial added
to the meta-analysis confirmed prior AAA mortality benefits of
screening5; (2) 2 new small rescreening cohort studies offered
little additional information to a heterogeneous literature80,82;
(3) 3 additional pharmacotherapy trials showed no benefit in halt-
ing AAA growth24,63,79; (4) 1 new population-based screening trial
(VIVA) added to the meta-analysis on additional operations asso-
ciated with screening confirmed previous results57; and (5) 3 con-
temporary registries27,60,70 provided complication rates from
EVAR and open repair generally comparable to those cited in the
included trials.

A summary of the evidence by key question is provided in
Table 5. The meta-analyses demonstrated that offering 1-time
screening to men aged 65 to 75 years was associated with lower
AAA-related mortality, AAA rupture, and emergency surgical pro-
cedures over 13 to 15 years of follow-up (KQ1) but do not resolve
the question of all-cause mortality benefit. In terms of harms,
screening for AAA was shown to expose patients to more proce-
dures, which was primarily driven by elective operations. Overdi-
agnosis and overtreatment were not addressed in these trials but
may be important considerations given that most screen-
detected aneurysms are small.

The interest in a more targeted, high-risk approach to screen-
ing to enrich yield is particularly relevant given declines in AAA preva-
lence in men over the past 2 decades.67,89-91 However, limiting
screen-eligible populations to only “high-risk” populations inher-
ently results in missed cases. Any attempt to expand screened popu-
lations (eg, extending to all men regardless of smoking history, in-
creasing upper age threshold, adding women) would invariably

increase detection of aneurysms smaller than 5.4 cm in diameter and
would contribute to overdiagnosis and overtreatment. Based on US
data showing that a substantial proportion of small aneurysms are
repaired despite the lack of evidence of benefit over surveillance,92

the number of procedures and consequent surgical harms that may
ensue as a result of broadening the eligibility for screening remains
a concern.

Because the population-based screening trials almost exclu-
sively recruited white men aged 65 to 75 years and generally did not
report outcomes by subpopulation, one critical question is whether
these findings can be extrapolated to other populations. In the ab-
sence of trial data, assessing generalizability requires an understand-
ing of contextual evidence about contemporary prevalence, natu-
ral history, and treatment effectiveness.

Indirect evidence in subpopulations (older age, female sex,
smoking, and family history) reveal a set of complex issues. A large
proportion of AAA burden (prevalence and ruptures) occurs in
older age groups.93,94 While AAA prevalence increases with age,
so do surgical complications, including mortality.95 The prevalence
of AAA in women has consistently been reported to be less than
in men.96,97 However, small AAAs appear to have a higher risk of
rupture25,98-100 or rupture at a later age76,99,101-106 and result in
higher surgical complications—including 30-day postoperative
mortality rates,102-104,107,108 in-hospital mortality,109 major
complications,104,108,110 and readmissions103 after elective open
repair or EVAR—in women than in men. A recent model examining
the effectiveness of screening women 65 years or older using con-
temporary assumptions111 estimated that 3900 screening invita-
tions would be required to avoid 1 AAA-related death, which is
higher than estimation in other models for men (the number
needed to invite to screening was 700 for men).112

SmokingisthestrongestpredictorofAAAprevalence,10,97,100,113,114

growth,100 and rupture rates.100 Even with substantial declines
since 1995-2002 when the screening trials were conducted,89

AAA prevalence in male smokers aged 65 to 75 years matches
that of the population-based screening trials.115 Family history is
associated with an increased risk of developing AAA (OR, 2.2
[95% CI, 1.6-3.2]).116 At this time, however, there is a lack of evi-
dence to determine whether individuals with family histories
exhibit differences in natural history or surgical success rates to
alter the net screening benefits. Overall, because there is no
direct trial evidence evaluating screening effectiveness in sub-
populations and no externally validated risk assessment tools,
decision analysis models populated with meta-analytic estimates
of prevalence, yield, and surgical complication rates would be
considered the best available evidence to date.

There are several limitations to the existing literature. The 4 large,
population-based screening trials began recruiting participants dur-
ing an era that predated the current widespread implementation of
aggressive CVD risk-factor management and reductions in smok-
ing. Thus, the contemporary AAA prevalence cited in Europe, and
therefore the absolute benefit of screening, have declined over the
intervening time. A general US population–based estimate of con-
temporary AAA prevalence is lacking, particularly for subpopula-
tions, as a result of low AAA screening uptake in the United States.
Furthermore, trial literature does not address the potential effect
of AAA screening on CVD mortality through identification of indi-
viduals at increased CVD risk and provision of aggressive CVD risk
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modification.83,117,118 However, those identified with AAA would al-
ready be candidates for aggressive CVD risk management based on
the Atherosclerotic Cardiovascular Disease Risk Algorithm’s pre-
dicted 10-year risk of greater than or equal to 7.5% or 10%, as is stan-
dard contemporary guidance in the United States.119,120

Limitations
The current review and analysis included results limited to studies
that met the USPSTF fair- or good-quality criteria, per USPSTF
methods.16 For 3 of the key questions (KQ2, KQ4, KQ5), there were

too few studies or the studies were too clinically or statistically
heterogeneous for pooling.21

Conclusions
One-time AAA screening in men 65 years or older was associated with
decreased AAA-related mortality and rupture rates but was not asso-
ciated with all-cause mortality benefit. Higher rates of elective surgery
but no long-term differences in quality of life resulted from screening.
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