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Abstract

Background: Screening programs for
abdominal aortic aneurysm (AAA) are
not available in Canada. We sought to
determine the effectiveness and cost-
utility of AAA screening in Ontario.

Methods: We compared one-time
ultrasonography-based AAA screening
for people aged 65 years to no screen-
ing using a fully probabilistic Markov
model with a lifetime horizon. We esti-
mated life-years, quality-adjusted life-
years (QALYs), AAA-related deaths,
number needed to screen to prevent
1 AAA-related death and costs (in
Canadian dollars) from the perspective
of the Ontario Ministry of Health. We

retrieved model inputs from literature,
Statistics Canada, and the Ontario
Case Costing Initiative.

Results: Screening reduced AAA-
related deaths by 84.9% among males
and 81.0% among females. Compared
with no screening, screening resulted
in 0.04 (18.96 v. 18.92) additional life-
years and 0.04 (14.95 v. 14.91) addi-
tional QALYs at an incremental cost of
$80 per person among males. Among
females, screening resulted in 0.02
(21.25 v. 21.23) additional life-years
and 0.01 (16.20 v. 16.19) additional
QALYs at an incremental cost of $11 per
person. At a willingness-to-pay of

$50000 per year, screening was cost-
effective in 84% (males) and 90%
(females) of model iterations. Screen-
ing was increasingly cost-effective with
higher AAA prevalence.

Interpretation: Screening for AAA
among people aged 65 years in
Ontario was associated with fewer
AAA-related deaths and favourable
cost-effectiveness. To maximize QALY
gains per dollar spent and AAA-related
deaths prevented, AAA screening pro-
grams should be designed to ensure
that populations with high prevalence
of AAA participate.

In Canada, about 20000 people receive a diagnosis of an abdom-
inal aortic aneurysm (AAA) annually.! Males aged 65-80 years have
an AAA prevalence 6 times higher than females of the same age.?
Smoking, family history of AAA, coronary artery disease, athero-
sclerosis, hypercholesterolemia, and hypertension are other known
risk factors.> Rupture of an AAA is often fatal, with pre-hospital and
perioperative mortality rates of around 50%.” Scheduled AAA treat-
ments include open surgery or endovascular aneurysm repair, with
mortality rates of 1%-5%. Timely detection of AAA is critical to
allow prophylactic repair once the risk of rupture exceeds that of
surgery. The Multicentre Aneurysm Screening Study randomized
controlled trial (RCT) in the United Kingdom found a 42% reduction
in AAA-related mortality over 13 years of follow-up after a one-time
screening with ultrasonography among males aged 65-74 years.®®
In total, 4 RCTs have shown that one-time AAA screening reduces
risk of AAA-related death, rupture, and emergency repair among
males aged at least 65 years.” Among females, who were included
in only 1 of 4 RCTs and accounted for 7% of the trial’s sample, no

significant benefit from screening was shown.” Although existing
Canadian guidelines support AAA screening among males, they are
inconsistent regarding screening among females.>"° The Canadian
Task Force on Preventive Health Care recommends one-time
screening with ultrasonography for AAA among males aged
65-80 years (weak recommendation, moderate quality of evi-
dence).! The Canadian Society for Vascular Surgery recommends
one-time screening ultrasonography for all males aged 65-80 years
(grade 1a [i.e., strong, high-quality] evidence) and for all females
aged 65-80 years with a history of smoking or cardiovascular dis-
ease (grade 2c [i.e., weak, low-quality] evidence).”

Despite Canadian guidelines supportive of AAA screening, no
provincial or territorial screening programs exist in Canada. In
addition to uncertainty around the impact of AAA screening
among females, one contributory knowledge gap may be a lack of
contemporary evidence on the cost-effectiveness of screening. In
Canada, screening programs often receive public funding, in part
based on economic evaluations considered by health technology
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advisory bodies.’'? Canadian cost-effectiveness analyses are out-
dated since they are based on data more than 15 years old and did
not consider endovascular aneurysm repair, which has become
more common than open AAA repair.’>* Another contributory
knowledge gap is the unknown prevalence of AAA in Canada. The
impact of screening programs implemented internationally has
been undermined by the lower-than-expected prevalence of AAA
identified among people attending screening programs.'>¢ A
model-based economic evaluation, using contemporary data and
explicitly considering the aforementioned knowledge gaps, can
advance our understanding of the value of AAA screening in Can-
ada. Therefore, we sought to determine the effectiveness and cost-
utility of one-time ultrasonography screening for AAA in Ontario.

Methods

Study setting

In Ontario, the single-payer public health care system provides
coverage for all AAA-related imaging (screening or follow-up),
physician services, and hospital care. Repair for AAA is offered at
20 vascular centres across the province and performed as an
inpatient procedure.

Study design, population, and outcomes

We developed a fully probabilistic Markov model to compare the
outcomes and cost-utility of AAA screening versus no screening
for males and females aged 65 years or 75 years. Outcomes
included life expectancy (life-years), quality-adjusted life-years
(QALYs), the frequency of AAA-related deaths, health care costs,
the incremental cost-effectiveness ratio (ICER), and the number
needed to screen to prevent 1 AAA-related death.!” We followed
the Consolidated Health Economic Evaluation Reporting Stan-
dards (Appendix 1, available at www.cmaj.ca/lookup/
doi/10.1503/cmaj.230913/tab-related-content).1®

Model structure

A fully probabilistic Markov model simulated a cohort of
1000 people over a lifetime. To address second-order parameter
uncertainty, we drew 1000 independent samples of 1000 people
each using different sets of parameter values sampled independ-
ently from their distributions in Table 1 and Table 2 to generate
outcome distributions.

We defined an AAA as an aortic diameter of 3 cm or greater,
divided into small (3.0-4.4 cm males; 3.0-3.9 cm females), medium
(4.5-5.4 cm males; 4.0-4.9 cm females) and large (= 5.5 cm males;
> 5.0 cm females) AAAs, as clinically accepted.®* Follow-up con-
sisted of ultrasonography every 3 years for small AAAs and every
year for medium AAAs.3! Detected AAAs were allowed to grow at
set rates. Once a large AAA was detected, the person was referred
for scheduled open surgical repair or endovascular aneurysm
repair. The decision for scheduled surgery occurred based on size
(i.e., large AAA) since only a small proportion of AAAs require sur-
gery because of symptoms other than rupture or rapid growth.*?
Those with no AAA would not be rescreened.

For each strategy, we modelled a person’s clinical course as
time spent in 1 of 10 mutually exclusive health states (Figure 1).

People could move from 1 state to another 4 times a year (3-mo
cycle length). Unscreened people could only receive a scheduled
repair after incidental AAA diagnosis. In case of rupture, a person
would either die because of rupture before repair or undergo
emergency surgery. Death could occur within any health state.

Model inputs

We derived model inputs from the literature, including RCT
screening evidence, prevalence estimates from recent data from
international screening programs, and operative outcomes from
population-based studies in Ontario. When no data were avail-
able, inputs were based on our expert opinion. We performed
costing from a health care public payer perspective (Ontario Min-
istry of Health) in 2022 Canadian dollars. Table 1 and Table 2
summarize model input parameters. Appendix 1 further
describes model inputs and assumptions.

Base case analysis

Per the Canadian Agency for Drugs and Technologies in Health’s
modelling guidelines, we discounted outcomes at 1.5% per year
and applied a half-cycle correction.®®* We developed incremental
cost-effectiveness planes and cost-effectiveness acceptability
curves to assess cost-effectiveness at a willingness-to-pay thresh-
old of $50000 per QALY and across a range of thresholds. We per-
formed all analyses using TreeAge Pro 2021 (TreeAge Software).

Sensitivity analyses

We performed several 1-way and 2-way deterministic sensitivity
analyses (Appendix 1). Because there was less uncertainty around
surgery outcome estimates®*> and those obtained from Statistics
Canada,”® we focused on AAA prevalence, risk of rupture, growth
rates, ultrasonography sensitivity and specificity, and follow-up
compliance among those found to have an AAA. We modelled a
higher AAA prevalence to better evaluate the Canadian Society for
Vascular Surgery’s recommendation of screening females with a
history of smoking or cardiovascular disease.” In addition, we per-
formed an alternative base case analysis for people aged 75 years,
consistent with trial inclusion criteria and to align with Canadian
guideline recommendations. Lastly, we performed deterministic
sensitivity analyses for screening uptake and pre-hospital death to
mimic real-life variations in adherence to preventive care services
and accessing emergency surgical care in the event of rupture.

Validation

For external model validation, we calculated the expected num-
ber of avoided AAA-related deaths and compared this with pub-
lished trials®*3%-*° and non-Canadian decision analyses.1921:3440-42

Ethics approval
No ethics approval was required as all data were obtained from
literature or publicly available data sources.

Results

The variables that were used as model inputs are shown in
Table 1 and Table 2.
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Table 1: Prevalence and probability estimates for people in Canada

Point estimate (95% ClI)

Distributiont

Variable Overall* Male Female (parameters)
Epidemiology
Prevalence of AAA6:19:20 0.015 (0.013-0.017) 0.004 (0.003-0.005) B
Probability of AAA6:19.20
Small AAA 0.788 0.788 Dirichlet (4.73;
0.72;0.55)
Medium AAA 0.120 0.119 Dirichlet (4.73;
0.72;0.55)
Large AAA 0.092 0.093 Dirichlet (4.73;
0.72;0.55)
Probabilities
Accept invitation for screening®? 0.733 B
3-month rupture of small AAA2122 0.000095 (0.000076-0.0001) 0.00032 B
3-month rupture of medium AAA?22 0.002 (0.002-0.003) 0.0036 B
3-month rupture of large AAA 0.016 (0.011-0.020) 0.05944 B
Incidental AAA diagnosis® 0.01 (0.010-0.011) B
Death from rupture before emergency 0.500 (0.200-0.800) B
repair®
Scheduled repair: Open/EVAR* 0.418/0.582 B
Emergency repair: Open/EVAR? 0.753/0.247 B
Death after scheduled open repair? 0.0390 (0.0340-0.0460) B
Death after scheduled EVAR* 0.0110 (0.0090-0.0150) B
Death after emergency open repair?® 0.3798 (0.3410-0.4163) B
Death after emergency EVAR? 0.2076 (0.1580-0.2542) B
3-month all-cause mortality (2020),%” yr
65-69 0.0035 0.0022 B
70-74 0.0053 0.0035 B
75=179 0.0088 0.006 B
80-84 0.0153 0.0107 B
85-89 0.0277 0.0202 B
=90 0.0547 0.0469 B

Note: AAA = abdominal aortic aneurysm, Cl = confidence interval, EVAR = endovascular aortic repair.
*Overall estimates used only when separate estimates for males and females were not available.
tFor B distributions, point estimates represented the o, whereas the B equals 1 minus the o..

Base-case analyses
Compared with no screening, screening resulted in an additional
0.04 life-years (18.96 v. 18.92) and 0.04 (14.95v. 14.91) QALYs, and an
absolute reduction of 0.45% (0.08% v. 0.53%; 84.9% relative reduc-
tion) in AAA-related deaths among 65-year-old males. The incremen-
tal cost was $80 (ICER $2418 per QALY). Table 3 summarizes differ-
ences in outcomes. Table 4 compares findings to published models.
Compared with no screening, screening resulted in an addi-
tional 0.02 (21.25 v. 21.23) life-years and 0.01 (16.20 v. 16.19)
QALYs, and an absolute reduction of 0.17% (0.04% v. 0.21%j;
81.0% relative reduction) in AAA-related mortality among 65-year-
old females. The incremental cost was $11 (ICER $740 per QALY).

At a willingness-to-pay threshold of $50000 per QALY, screening
was cost-effective in 83.6% of model iterations for males and in
89.7% of iterations for females (Figure 2). Cost-effectiveness
acceptability curves suggested that screening was cost-effective
across a range of willingness-to-pay thresholds (Figure 3). The num-
ber needed to screen to prevent 1 AAA-related death is lower than
for common cancer screening programs (Appendix 1, Appendix IV).

Alternative scenarios

For 75-year-old males, the net health benefit of screening versus
no screening was 0.01 life-years (12.05 v. 12.04) and 0.01 (8.75 v.
8.74) QALYs. Screening resulted in an absolute reduction of
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Table 2: Utility and cost estimates for people in Canada

Point estimate

Description Overall* Male Female Distribution (parameters)t

Utilities

Health-related quality of life weight at age 65-74 yr (2015)% 0.849 0.825 NA

Health-related quality of life weight at age 75-84 yr (2015)% 0.782 0.762 NA

Health-related quality of life weight at age = 85 yr (2015)* 0.614 0.62 NA

Disutility after emergency repairt -0.15 NA

Disutility after scheduled repairt -0.1 NA

Costs§,° CANS
Ultrasonography 47.42 Y (47.42[9.48])
Preoperative assessment 94.94 v(94.94 [18.99])
EVAR, scheduled 25 876.83 v(25 876.83 [5175.37])
EVAR, emergency 41705.91 Y (41705.91 [8341.18])
Open repair, scheduled 27 394.54 Y (27 394.54 [5478.91])
Open repair, emergency 56 848.16 v (56 848.16 [11 369.62])
Follow-up after EVAR, scheduled 84.11 v(84.11[16.82])
Follow-up after other procedures 157.71 v(157.71 [31.54])

Note: EVAR = endovascular aortic repair, NA = not applicable.

*Overall estimates used only when separate estimates for males and females were not available.

tDistribution parameters are point estimates and their standard deviations.
1Based on expert opinion.
§In 2022 Canadian dollars, adjusted by Consumer Price Index.

0.27% (0.07% v. 0.34%) in AAA-related mortality. The incremental
cost was $107 (ICER $9697 per QALY).

For 75-year-old females, the net health benefit of screening versus
no screening was 0.01 (13.97 v. 13.96) life-years and 0.00 (9.88 v. 9.88)
QALYs. Screening resulted in an absolute reduction of 0.14% (0.03% v.
0.17%) in AAA-related mortality. The incremental cost was $16 (ICER
$2349 per QALY). Table 3 summarizes differences in outcomes.

At a willingness-to-pay threshold of $50000 per QALY, screening
was likely cost-effective in 68.8% (males) to 82.8% (females) of model
iterations. Cost-effectiveness acceptability curves showed that
screening was likely cost-effective among males above willingness-
to-pay thresholds of about $10000 per QALY and among females at
all thresholds (Appendix 1). The number needed to screen to prevent
1 AAA-related death remained lower than or comparable to common
cancer screening programs (Appendix 1, Section I).

Sensitivity analyses

Deterministic sensitivity analyses showed screening was effective
for all groups within reasonable ranges of key input parameters
(i.e., pre-hospital deaths, ultrasonography sensitivity, ultrasono-
graphy specificity, and follow-up compliance); however, it high-
lighted that AAA prevalence had an important influence on net
health gains (Appendix 1, Section IlI).

Interpretation

We found one-time ultrasonography screening for AAA among
people aged 65 years in Ontario would reduce AAA-related

deaths and would likely be cost-effective, with greater gains in
life-years and QALYs among males. Screening remained likely to
be cost-effective when considering people aged 75 years, lower
screening uptake, and a lower rate of pre-hospital death in the
event of rupture. Our modelling also suggested ways by which
the cost-effectiveness of AAA screening could be strengthened.
First, a focused AAA screening test using ultrasonography, reim-
bursed at a lower level than existing fee codes because of less
extensive imaging, could result in cost savings. Second, partici-
pation in screening should be monitored and encouraged since
cost-effectiveness is reduced with lower screening uptake. Third,
AAA prevalence among screening participants should be mon-
itored and populations at high AAA prevalence should be priori-
tized for participation, given more favourable cost-effectiveness.
For example, with respect to females, screening those who
smoke or have a history of cardiovascular disease — as sug-
gested by the Canadian Society for Vascular Surgery recommen-
dations — is reasonable.”

At 13-year follow-up, the UK’s Multicentre Aneurysm Screening
Study found that screening among males aged 65-74 years was
associated with a 42% risk reduction in AAA-related deaths and a
43% reduction in the number of ruptured AAAs.®° A Danish screen-
ing trial reported a 66% risk reduction in AAA-related mortality.33°
A decision analysis for males aged 65 years in Canada, published
in 2008, found comparably favourable results over a lifetime (QALY
gain of 0.019, number needed to screen to prevent 1 AAA-related
death of 137) but did not consider the effect of endovascular
aneurysm repair.* More recent international economic modelling
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Table 3: Base-case analyses comparing screening with no screening for abdominal aortic aneurysms (AAAs) over a lifetime

Variable*

Males aged 65 yr
Life-years
QALYs
Cost, $
AAA-related deaths, %

No. needed to screen to prevent
1 AAA-related death

ICER, $ per QALY
Females aged 65 yr

Life-years

QALYs

Cost, $

AAA-related deaths, %

No. needed to screen to prevent
1 AAA-related death

ICER, $ per QALY
Males aged 75 yr

Life-years

QALYs

Cost, $

AAA-related deaths, %

No. needed to screen to prevent
1 AAA-related death

ICER, $ per QALY
Females aged 75 yr

Life-years

QALYs

Cost, $

AAA-related deaths, %

No. needed to screen to prevent
1 AAA-related death

ICER, $ per QALY

Point estimate (95% Cl)

Absolute difference or

Screening No screening value
18.96 (18.46-19.43) 18.92 (18.41-19.42) 0.04
14.95 (14.55-15.31) 14.91 (14.54-15.26) 0.04

332 (0-980) 252 (0-798) 80

0.08 0.53 -0.45
222
2418
21.25(20.75-21.72) 21.23(20.73-21.72) 0.02
16.20 (15.88-16.54) 16.19 (15.84-16.53) 0.01
87 (0-534) 76 (0-453) 11
0.04 0.21 -0.17
588
740
12.05 (11.65-12.52) 12.04 (11.64-12.50) 0.01
8.75 (8.48-9.03) 8.74 (8.46-9.03) 0.01
261 (0-883) 154 (0-513) 107
0.07 0.34 -0.27
370
9697
13.97 (13.53-14.41) 13.96 (13.52-14.40) 0.01
9.88 (9.61-10.15) 9.88(9.61-10.14) 0
87 (0-487) 71 (0-407) 16
0.03 0.17 -0.14
714
2349

Note: Cl = credible interval, ICER = incremental cost-effectiveness ratio, QALY = quality-adjusted life year.
*All values represent average (per individual) findings. Costs were adjusted to 2022 Canadian dollars, and costs and outcomes were discounted at 1.5% per year.

among males aged 65 years supports our findings of cost-
effectiveness.?#-*2 More favourable cost-effectiveness for males
in our analyses, relative to previous publications, may be
explained by the better contemporary outcomes of scheduled
AAA repair in Ontario, as documented in population-based analy-
ses, and by improvements in life expectancy estimates relative to
those used in older publications. We identified only 1 cost-utility
analysis for females. Using data from the Multicentre Aneurysm
Screening Study, a trial in which females made up only 7% of
participants,” Sweeting and colleagues® found screening among
females aged 65 years unlikely to be cost-effective

(ICER GBP 30000 [12000-87000] per QALY, given a willingness-
to-pay threshold of GBP 20000 per QALY). However, reduced
mortality from an AAA was still confirmed. Our modelling, which
used a lower AAA prevalence than seen in RCTs, confirmed the
cost-effectiveness of screening among males and provides sup-
port for its cost-effectiveness among females, based on cost, life
expectancy, and operative outcome estimates specific to the
contemporary Canadian setting.

Our results should be placed in context of important consider-
ations around AAA screening programs. The burden of screening
on patients, such as logistics (e.g., transportation to screening
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Table 4: Country-level comparisons of population-based screening programs for abdominal aortic aneurysm among males

aged 65 years

Country Time horizon Life-years
Canada (this study) Lifetime 0.030
Canada (2008)* Lifetime 0.049
Estonia® 35 years NA
Netherlands?* Lifetime 0.0970
Norway?! Lifetime 0.0570
Iran® Lifetime 0.0340
Sweden* 13 years 0.0072
Lifetime 0.0132
United Kingdom?® 30 years 0.0084

Incremental*
(screening v. no screening)

ICER, $ per QALY
QALYs Costs (CPI-adjusted)
0.040 CANS80 CANS$2418
0.019 CAN$118.0 CANS6194 (8227)
0.0038 Euro 65.4 Euro 17 303
0.0700 Euro 421.0 Euro 4340t
0.0470 Euro 526.0 Euro 9860t
0.0250 US$140.0 US$5566
0.0057 NA Euro 14 706
0.0109 NA Euro 7570
0.0067 GBP 47 GBP 7370

Note: CPI = Consumer Price Index, ICER = incremental cost-effectiveness ratio, NA = not available, QALY = quality-adjusted life year.

*All values represent average (i.e., per individual) findings.
tCosts per life-year.
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Figure 2: Incremental cost-effectiveness scatter plot for abdominal aortic aneurysm screening versus no screening among (A) males and (B) females
aged 65 years in Canada. Bold dotted line represents the willingness-to-pay (WTP) threshold of $50 000 per quality-adjusted life-year. Costs were

adjusted to 2022 Canadian dollars.

and follow-up) or impact on mental health, are poorly studied for
AAA screening programs implemented in other jurisdictions.
Indeed, given the lower prevalence of AAA associated with reduced
smoking, screening may impose proportionally greater harm; for
every AAA-related death avoided, screening programs find 4 males
with an otherwise undetected AAA that will never become symp-
tomatic, resulting in overdiagnosis and psychological (and poten-
tial interventional) harms.** This may especially be the case for
females, who have lower AAA prevalence.* Recent evidence from
Sweden suggests that reductions in AAA deaths are likely due to
reduced smoking rather than increased screening, questioning the
benefit of continued population-based screening.’® Nevertheless,
diagnosis of AAA through screening may have secondary cardio-
vascular benefits that may outweigh overdiagnosis, including

detection of people at higher cardiovascular risk and initiation of
secondary pharmacological prevention for other cardiovascular
diseases.*** Another consideration of implementing AAA screen-
ing is that an increased volume of scheduled AAA repairs would
add to existing wait lists. In 2018, patients in Ontario waited about
42 days between vascular surgeon consultation and receiving
scheduled AAA repairs.* Lastly, although more AAA-related deaths
may be averted, compared with unnecessary lives lost during a
scheduled repair (e.g., patient with AAA diagnosed through screen-
ing who would never have experienced a rupture but who dies
during surgery), such a utilitarian lens may be acceptable only at
the population level, rather than at the individual patient level.*
Thus, patients’ perspectives must be considered in developing
screening programs. The decision to fund AAA screening programs
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Figure 3: Cost-effectiveness acceptability curve for abdominal aortic aneurysm (AAA) screening versus no screening among (A) males and (B) females

aged 65 years in Canada.

at the provincial or territorial level may consider clinical evi-
dence of efficacy, economic evaluations, patients’ perspectives,
budget impact and equity and distributive justice.*” The scope
and budgetary cost of an AAA screening program would also
need to be considered in a budget impact assessment and
implementation plan.

Limitations

Our results are sensitive to important parameters such as AAA
prevalence rates. The true impact of screening programs in
Canada will not be known until implemented. We modelled
surgical complications as a homogeneous event, which over-
simplifies the impact of different complications on health-
related quality of life. Nevertheless, postoperative death is the
most influential postoperative outcome, which we estimated
using Ontario-specific population-based data. We did not
account for differences by AAA risk factors, most notably smok-
ing; however, we considered different thresholds of AAA preva-
lence. The growth of AAAs is difficult to predict and highly vari-
able; as such, we simplified AAA sizing and used conservative
growth rates, similar to published models.1%21:3440-42 Screening
programs are susceptible to healthy patient bias whereby
healthier patients are more likely to attend screening pro-
grams, whereas patients with poorer health or challenging
social determinants of health are less likely to attend screen-
ing. As a result, a lower prevalence rate may be observed
among those screened than in the overall population, resulting
in lower ICERs for screening programs. Despite these limita-
tions, our model results were similar across multiple sensitivity
analyses, show high face and external validity.

Conclusion

Our results support one-time ultrasonography screening for AAA
in Ontario for males aged 65-75 years, consistent with current
screening recommendations. Screening for females aged
65-75 years is likely cost-effective despite lower prevalence
rates. Given our findings, the implementation of provincial AAA

screening programs should be seriously considered. To maxi-
mize QALY gains and AAA-related deaths prevented per
resources spent, AAA screening programs should be designed to
ensure that populations with high prevalence of AAA participate.
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