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Appendix 

Section I. Method Inputs and Assumptions. 

Model Inputs 

Parameter estimates in Tables 1 and 2 were derived from sources that either represented 

best available evidence (e.g., trial data or meta-analyses if available) or population-specific data 

(e.g., Canada- or Ontario-specific sources of data). Specifically, prevalence rates and size 

distributions were obtained from the Multicentre Aneurysm Screening Study and a published 

systematic review and meta-analysis. Surgical outcomes represented recent Ontario province-wide 

estimates for both emergency and scheduled open surgery and EVAR. Life expectancy was 

obtained from the Canadian Vital Statistics by Statistics Canada (Canadian federal government) 

for 2021. Similarly, utilities were informed by the most recent health-related quality of life weights 

by Statistics Canada, determined through the 2015 Canadian Community Health Survey, whereas 

disutilities have not been empirically quantified and, therefore, informed through the expert 

opinion of the author group. Cost data were informed by Ontario-specific reimbursement data by 

the Ontario Case Costing Initiative from Ontario Health (Ontario provincial government) for 2021. 

Remaining data were obtained from other published decision analyses. The 2008 model from 

Canada was used to inform screening uptake in order to have a more representative estimate of the 

AAA screening acceptance and attitude of the Canadian population. For estimates that were not 

expected to be substantially different, such as rupture risks at different AAA sizes, more recent 

studies from other countries were used instead of the older Canadian study. 

 

 

 



Appendix 1, as submitted by the authors. Appendix to: Vervoort D, Hirode G, Lindsay TF, et al. One-time screening for abdominal aortic 
aneurysm in Ontario, Canada: a model-based cost-utility analysis. CMAJ 2024. doi: 10.1503/cmaj.230913. Copyright © 2024 The Author(s) or 

their employer(s). To receive this resource in an accessible format, please contact us at cmajgroup@cmaj.ca. 
 

Assumptions 

The probability of growth and/or rupture varied by size: growth rates of AAAs were 

assumed to be linear at 0.1 cm per year for small AAAs and 0.4 cm per year for medium AAAs.(1–

3) Large AAAs in the screened arm would be scheduled for surgery within the same three-month 

cycle period, whereas those in the unscreened arm would have a set rupture rate. Based on expert 

opinion, growth was assumed to occur at the same average rate for all individuals within a given 

size category. For each size category, we assumed that AAAs were at the midpoint of their size 

category and would reach the next size category after reaching the specific size threshold (e.g., 

small AAAs in men (3.0-4.4cm) started at 3.7cm and would reach a medium size after 32 cycles 

at a growth rate of 0.1cm per year, unless the patient dies before reaching that cycle. The 

probability of rupture was assumed to be twice as high among women compared to men.(4–6) The 

probability of undergoing a specific type of surgery and death from rupture before emergency 

repair (i.e., 50% die before reaching the hospital) was assumed to be similar among men and 

women; however, the probability of death after repair was higher among women compared to men 

based on Ontario-specific population-based operative outcome estimates.(7,8) Life expectancy 

was determined based on age- and sex-specific mortality rates using Canadian life tables for the 

general population obtained from Statistics Canada.(9) Normal age- and sex-specific utilities were 

derived from the Canadian Health Utilities Index.(10) Disutility after aneurysm repair was 

assumed to be similar among men and women. As is common in economic modeling, utility 

estimates are a necessary simplification of reality based on best available evidence and expert 

opinion. While a small subset of the patient population receiving surgery may have a long-term 

disutility associated with more severe complications, we assumed that the patients following AAA 

repair returned to their baseline quality of life. As such, the disutility was applied only once after 
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surgery (i.e., only during one 3-month cycle following surgery). The disutility value is reflective 

of a decrement in health related quality of life from usual post-operative recovery and impact of 

potential surgical complications. For the base-case analysis, screening ultrasonography was 

assumed to be 100% sensitive and specific as, in reality, sensitivity (94%-100%) and specificity 

(98%-100%) are known to be high.(11) Participation following an invitation to screen was 

considered at 73%(12); however, we assumed that individuals who accept the initial invitation for 

screening would remain compliant with follow-up AAA surveillance. This is consistent with low 

drop-out rates for follow-up after initial screening observed in existing population-based screening 

programs.(13) Costs for ultrasound, preoperative assessment, interventions (open repair and 

EVAR; scheduled and emergency; including procedure-related costs and hospital stay), and 

follow-up were obtained from the Ontario Case Costing Initiative.(14,15) All costs were adjusted 

to 2022CA$ using the Consumer Price Index.(16) 
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Section II. Comparison of Screening Programs.  

Condition Screened Number Needed to Screen  
Abdominal aortic aneurysms (our model) 

• Male subjects aged 65 years 
• Female subjects aged 65 years 
• Male subjects aged 75 years 
• Female subjects aged 75 years 

 
222 
588 
370 
714 

Breast cancer(17) 1,724 (1,176-3,704) 
Colorectal cancer(18) 

• Fecal occult blood test 
• Flexible sigmoidoscopy 

 
377 (249-887) 
864 (672-1,266) 

Prostate cancer(19) 1,410 (1,142-1,721) 
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Section III. Base Case and Alternative Scenarios. 

Base Case Analysis 

Cost-effectiveness scatterplots and curves display the likelihood that an intervention in a 

decision analytic model is cost-effective within the constraints of the model’s input parameters 

when placed against willingness-to-pay thresholds. These thresholds represent the sum individuals 

are willing to pay to gain 1 quality-adjusted life-year (QALY), or 1 year of life lived in full health. 

For example, the common willingness-to-pay threshold of CA$50,000/QALY indicates that people 

would be willing to pay up to CA$50,000 to gain 1 QALY. If an intervention falls below this 

threshold, favorable cost-effectiveness is accepted; if it falls above the threshold, no cost-

effectiveness is accepted in purely economic terms. Graphically, incremental cost-effectiveness 

scatterplots display the incremental costs (y-axis) and effectiveness (x-axis) between an 

intervention and a comparator on a graph, whereby positive values represent either increased costs 

or effectiveness for the intervention relative to the comparator. As such, the northeast quadrant 

displays increased costs and effectiveness, the southeast quadrant decreased costs and increased 

effectiveness, the southwest quadrant decreased costs and effectiveness, and the northwest 

quadrant increased costs and decreased effectiveness. Drawing a linear willingness-to-pay 

threshold (e.g., CA$50,000/QALY) can then show all values falling under or right from the 

threshold and, thus, display cost-effectiveness. In turn, the cost-effectiveness acceptability curves 

display how many of the model iterations are likely cost-effective at different willingness-to-pay 

thresholds, allowing for an assessment of “extent” of cost-effectiveness (e.g., determining whether 

marginal changes in an intervention may result in a substantially greater or lesser likelihood of 

being cost-effective at given thresholds). 
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In people aged 65 years in Canada, screening is likely cost-effective. In the main 

manuscript, Figure 2 shows that the majority of model iterations (i.e., outputs of the model when 

run multiple times) fall under the threshold of CA$50,000/QALY, as illustrated by the green dots 

in the northeast and southeast quadrants. Figure 3 illustrates that, at the threshold of 

CA$50,000/QALY, there is nearly 90% likelihood of cost-effectiveness. Only at very low 

willingness-to-pay thresholds, which do not exist in high-income countries, do curves cross and is 

it more likely for a screening program to not be cost-effective than be cost-effective. 

 

Alternative Scenarios 

In male and female subjects aged 75 years in Canada, screening remains likely cost-

effective, albeit less so compared to 65-year-old male and female subjects. Supplemental Figure 

1 suggests that a majority of model iterations still fall in the northeast and southeast quadrants 

(green dots), albeit fewer than those for the base case analysis in Figure 2. Supplemental Figure 

2 illustrates that the model remains likely cost-effective at most thresholds, albeit less likely than 

in the base case analysis (Figure 3). 
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Supplemental Figure 1. Incremental cost-effectiveness scatter plot for abdominal aortic aneurysm 

(AAA) screening versus no screening in male subjects aged 75 years (left) and female subjects 

aged 75 years in Canada (right). WTP = Willingness-to-pay. 

 

 

Supplemental Figure 2. Cost-effectiveness acceptability curve for abdominal aortic aneurysm 

(AAA) screening versus no screening in male subjects aged 75 years (left) and female subjects 

aged 75 years in Canada (right).  
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Section IV. Sensitivity Analyses. 

Several sensitivity analyses were performed to evaluate the robustness of findings in our 

base-case analysis (i.e., 65-year-old male and female subjects in Canada). 

 

Pre-Hospital Death 

Decreasing out-of-hospital (i.e., pre-hospital) death from 50% to 0% resulted in persistent 

net benefits and ICERs in favour of screening as a result of more people with ruptures reaching 

the hospital in time for emergency surgery in the no-screening arm.  

In 65-year-old male subjects, QALY gains reduced but remained in favour of screening 

versus no screening (14.95 vs. 14.94). Costs were lower for screening compared to no screening, 

resulting in a negative cost-utility of -CA$5,622/QALY. Screening remained most likely cost-

effective in 68.6% of model iterations. Supplemental Figure 3 shows the incremental cost-

effectiveness scatterplot and cost-effectiveness acceptability curves. 
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Supplemental Figure 3. Incremental cost-effectiveness scatter plot (left) and cost-effectiveness 

acceptability curve (right) for abdominal aortic aneurysm (AAA) screening versus no screening in 

male subjects aged 65 years in Canada with no pre-hospital death from rupture. 

 

In 65-year-old female subjects, QALY gains reduced (16.20 vs. 16.19) with a negative cost-

utility of -CA$6,472/QALY. The negative cost-utility was the result of lower costs in the screening 

vs. no screening group. Screening remained most likely cost-effective in 83.9% of model 

iterations. Supplemental Figure 4 shows the incremental cost-effectiveness scatterplot and cost-

effectiveness acceptability curves. 

 

 

Supplemental Figure 4. Incremental cost-effectiveness scatter plot (left) and cost-effectiveness 

acceptability curve (right) for abdominal aortic aneurysm (AAA) screening versus no screening in 

female subjects aged 65 years in Canada with no pre-hospital death from rupture. 

 

Screening Uptake 
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Reducing the screening uptake from 73.3% to 50.0% resulted in comparable outcomes. In 

65-year-old male subjects, screening had marginally smaller QALY gains (14.94 vs. 14.91) 

compared to no screening with a cost-utility of CA$2,290/QALY. Screening remained most likely 

cost-effective in 83.7% of model iterations. In 65-year-old female subjects, screening had 

marginally comparable QALY gains (16.20 vs. 16.19) compared to no screening with a cost-utility 

of CA$683/QALY. Screening remained most likely cost-effective in 88.0% of model iterations. 

The more favourable cost-utility with lower screening adherence is likely the result of lower 

screening costs. 

 

Sensitivity 

One-way deterministic sensitivity analyses were performed for the sensitivity of ultrasound 

screening for values between 90-100% sensitivity. As costs remained stable and changes in 

effectiveness were marginal (Supplemental Figure 5), the cost-utility did not substantially change 

for both male and female subjects. 
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Supplemental Figure 5. One-way deterministic sensitivity analysis for sensitivity of ultrasound 

for abdominal aortic aneurysm (AAA) screening in male subjects (left) and female subjects (right) 

aged 65 years in Canada. 

 

Specificity 

One-way deterministic sensitivity analyses were performed for the specificity of ultrasound 

screening for values between 90-100% specificity. At lower specificity, costs for the screening 

program increased due to increased scheduled surgical procedures, whereas changes in 

effectiveness were marginal due to low rates of surgery (only for false positive large AAAs) and 

favorable outcomes of scheduled surgery. At a specificity of 96% and below, the net monetary 

benefit of AAA screening was lower than that of no screening. 

 

Follow-Up Compliance 

One-way deterministic sensitivity analyses were performed for follow-up compliance after 

initial ultrasound screening for values between 90-100% compliance. These values were chosen 

as drop-out rates from follow-up after initial positive screening are known to be low.(13) Costs 

and effectiveness did not substantially change for both male and female subjects resulting in 

sustained clinical utility, albeit at higher ICERs. 

  



Appendix 1, as submitted by the authors. Appendix to: Vervoort D, Hirode G, Lindsay TF, et al. One-time screening for abdominal aortic 
aneurysm in Ontario, Canada: a model-based cost-utility analysis. CMAJ 2024. doi: 10.1503/cmaj.230913. Copyright © 2024 The Author(s) or 

their employer(s). To receive this resource in an accessible format, please contact us at cmajgroup@cmaj.ca. 
 

References: 

1. Thompson SG, Brown LC, Sweeting MJ, Bown MJ, Kim LG, Glover MJ, et al. Systematic 
review and meta-analysis of the growth and rupture rates of small abdominal aortic 
aneurysms: implications for surveillance intervals and their cost-effectiveness. Health 
Technol Assess. 2013 Sep;17(41):1–118. 

2. Vega de Céniga M, Gómez R, Estallo L, Rodríguez L, Baquer M, Barba A. Growth rate and 
associated factors in small abdominal aortic aneurysms. Eur J Vasc Endovasc Surg. 2006 
Mar;31(3):231–6. 

3. Huang T, Liu S, Huang J, Xu B, Bai Y, Wang W. Meta-analysis of the growth rates of 
abdominal aortic aneurysm in the Chinese population. BMC Cardiovasc Disord. 2019 Aug 
22;19(1):204. 

4. Skibba AA, Evans JR, Hopkins SP, Yoon HR, Katras T, Kalbfleisch JH, et al. Reconsidering 
gender relative to risk of rupture in the contemporary management of abdominal aortic 
aneurysms. Journal of Vascular Surgery. 2015;62(6):1429–36. 

5. Talvitie M, Stenman M, Roy J, Leander K, Hultgren R. Sex differences in rupture risk and 
mortality in untreated patients with intact abdominal aortic aneurysms. Journal of the 
American Heart Association. 2021;10(5):1–19. 

6. Salata K, Hussain MA, de Mestral C, Greco E, Mamdani M, Forbes TL, et al. Prevalence of 
Elective and Ruptured Abdominal Aortic Aneurysm Repairs by Age and Sex From 2003 to 
2016 in Ontario, Canada. JAMA Netw Open. 2018 Nov 2;1(7):e185418. 

7. Sweeting MJ, Masconi KL, Jones E, Ulug P, Glover MJ, Michaels JA, et al. Analysis of 
clinical benefit, harms, and cost-effectiveness of screening women for abdominal aortic 
aneurysm. Lancet. 2018 Aug 11;392(10146):487–95. 

8. Ramsay L, Richardson M, Sander B, Rahal M, Wu D, Setterfield M, et al. Predicting surgery 
waiting list volumes and health outcomes among people with an abdominal aortic aneurysm. 
Br J Surg. 2021 Jun 22;108(6):e221–3. 

9. Canada S. Table 13-10-0710-01 Mortality rates, by age group. 

10. Canada S. Table 1 Mean HUI3 scores, by sex and age group, household and institutional 
population, Canada, 1994/1995, 1998/1999, 2001, 2005, 2009/2010 and 2015. 

11. US Preventive Services Task Force, Owens DK, Davidson KW, Krist AH, Barry MJ, Cabana 
M, et al. Screening for abdominal aortic aneurysm: US preventive services task force 
recommendation statement. JAMA. 2019 Dec 10;322(22):2211–8. 

12. Montreuil B, Brophy J. Screening for abdominal aortic aneurysms in men: a Canadian 
perspective using Monte Carlo-based estimates. Can J Surg. 2008 Feb;51(1):23–34. 



Appendix 1, as submitted by the authors. Appendix to: Vervoort D, Hirode G, Lindsay TF, et al. One-time screening for abdominal aortic 
aneurysm in Ontario, Canada: a model-based cost-utility analysis. CMAJ 2024. doi: 10.1503/cmaj.230913. Copyright © 2024 The Author(s) or 

their employer(s). To receive this resource in an accessible format, please contact us at cmajgroup@cmaj.ca. 
 

13. Hultgren R, Elfström KM, Öhman D, Linné A. Long-Term Follow-Up of Men Invited to 
Participate in a Population-Based Abdominal Aortic Aneurysm Screening Program. 
Angiology. 2020 Aug;71(7):641–9. 

14. Zheng J. Ontario case costing: A catalyst for transforming Ontarioâ€TMs health system into a 
value-based model. Int J Popul Data Sci [Internet]. 2018 Sep 10;3(4). Available from: 
http://dx.doi.org/10.23889/ijpds.v3i4.1003 

15. Ontario Case Costing Initiative (OCCI) - Ontario Data Catalogue [Internet]. [cited 2021 Nov 
15]. Available from: https://data.ontario.ca/en/dataset/ontario-case-costing-initiative-occi 

16. Statistics Canada. Consumer price index portal [Internet]. 2022 [cited 2022 Oct 22]. Available 
from: https://www.statcan.gc.ca/en/subjects-
start/prices_and_price_indexes/consumer_price_indexes 

17. Klarenbach S, Sims-Jones N, Lewin G, Singh H, Guylène Thériault, Tonelli M, et al. 
Recommendations on screening for breast cancer in women aged 40–74 years who are not at 
increased risk for breast cancer. CMAJ. 2018 Dec 10;190(49):E1441–51. 

18. Fitzpatrick-Lewis D, Ali MU, Warren R, Kenny M, Sherifali D, Raina P. Screening for 
colorectal cancer: A systematic review and meta-analysis. Clin Colorectal Cancer. 2016 
Dec;15(4):298–313. 

19. Schröder FH, Hugosson J, Roobol MJ, Tammela TLJ, Ciatto S, Nelen V, et al. Screening and 
prostate-cancer mortality in a randomized European study. N Engl J Med. 2009 Mar 
26;360(13):1320–8. 


