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eMethods. Sample Size and Target Population 

 

This was a population-based randomised controlled trial of screening for abdominal 

aortic aneurysm (AAA) in older men in a single large metropolitan region (Perth, 

Western Australia). Using the reported population mortality from AAA in Western 

Australia (1), it was calculated that the control group would need to contain about 20,000 

men to experience 55 deaths from AAA within 5 years. The sample size calculation was 

based on an intention-to-treat analysis, with 90% power to detect a relative reduction of 

50% in mortality from AAA among men invited for screening over five years. The ideal 

target age range was considered to be 65-74 years but as the available population of men 

in this range was smaller than that required by the power calculation, we planned to 

include men aged 75-79 years. There was an a priori intention to analyse outcomes 

separately in men aged 65-74 years. 

 

Potentially eligible men were identified from an electronic version of the Electoral Roll - 

voting for all adults (18+ years) being compulsory. Given that General Practice databases 

are not comprehensive in Australia, this was considered to be the only means of 

comprehensive identification of target populations. We aimed to screen men who would 

be aged 65-79 years at the projected mid-point of a 3 year period screening period (1996-

9). 

 

Randomisation 

 

In January 1996, a computer-generated random number sequence was used to assign 

potentially eligible men on the Electoral Roll, to the invited and control groups by age (in 

five-year blocks) and postcode. The identification, randomisation and assignment of 

participants was performed by a statistician who was not involved in the assessment of 

outcomes. For the analysis undertaken in the earlier reports of mid-term results (2-4), 

men in the control group were allocated a ‘virtual’ date of screening, which was the 

median scheduled date of actual screening for men from the same postcode area 

randomised to the invited group. In retrospect this approach was problematic due to the 
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timing and allocation of deaths occurring between invitation and actual (or virtual) 

screening. For the present analysis, although all men were randomised at the beginning of 

the trial, we defined each man’s actual start date as the date of the invitation in the 

invitation group, with men in the control group matched by age and postcode being 

allocated a similar ‘invitation date’. This generated different starting numbers from those 

in the mid-term reports (see Comment below). 

From the date of randomisation, mortality in men aged 64-83 years was as follows: 

1. All-cause mortality (per 1,000 person-years) was 51.31 (95%CI 50.36 – 52.28) in 

the Control group and 50.59 (95%CI 49.65 – 51.55) in the Invited group, with a 

Hazard Ratio of 0.98 (95%CI 0.96 – 1.01); 

2. AAA mortality (per 100,000 person years) was 52.79 (95%CI 43.90 – 63.48) in 

the Control group and 49.64 (95%CI 41.07 – 59.99) in the Invited group, with a 

Hazard Ratio of 0.94 (95%CI 0.72 – 1.23). 

 

Inclusions  

1. Age range: the planned age range was 65-79 years, however, for the first ~6 

months of the study, the Australian Electoral Commission would only provide 

dates of birth with the year rounded down to the nearest half-decade (eg men born 

between 1915 and 1919 would have their year of birth rounded to 1915). This 

limited the precision of identifying the correct age range and resulted in the 

unplanned inclusion of the following men outside the 65-79 year range: 

 

Age (years) Number 

62* 1 

63* 1 

64 305, of which 207 were within 6 months of 65 years of age 

80 1,106 

81 988 

82 629 

83 130 
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85* 1 

*Although these men are included in the analyses, for practical purposes the age 

range is described as 64-83 years throughout the manuscript. There were no 

deaths from AAA in any of these men and their inclusion did not influence the 

results. 

2. Men undergoing prior surgery for AAA: using the linked data system (see below), 

1.34% (258/19,231) men in the control group and 1.30% (251/19,249) men in the 

invited group were identified as having prior admissions for elective or 

emergency AAA surgery. These men were included.  

3. Men with major co-morbidities: some men with major co-morbidities (eg 

advanced malignancy or significant dementia) that might render them unsuitable 

for screening were included as there was no comprehensive and reliable means of 

identifying these men. 

 

Exclusions 

1. ‘Died before invitation’: mortality records were checked on a monthly basis and 

1,321 men in the invited group and 1,329 men in the control group were excluded.  

2. ‘Lived too far away’: by the date of the last invitation (18 November 1998) there 

were 4,268 men in the invited group and 4,403 control men left, who had not been 

invited (or allocated an invitation date in the case of controls). These men were 

primarily resident in outer suburbs and in a satellite town, where funding and 

infrastructure was not available to screen. These men were also in excess of our 

planned sample size. 

 

Intervention 

Men randomised to the control group were not contacted and were unaware that they 

were in a trial. Men allocated to the invited group were sent a letter explaining the study 

with an invitation and appointment for screening. Invited men were sent one reminder 

letter if they did not attend. Scanning was undertaken by sonographers or specially 

trained research nurses using a Toshiba Capasee ultrasound machine with a 3.75MhZ 

probe. The greatest transverse or antero-posterior (external to external aortic wall) 
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diameter was recorded for all men. If the aorta could not be visualised, the participant 

was given another appointment, asked to fast and was scanned by the senior sonographer. 

Measurements were still not possible in 10 men; in the analyses these men were then 

included in the invited but ‘did not attend’ group. Between April 1996 and March 1999, 

men were screened at five community-based clinics and were given a letter containing 

the results of the scan, with a copy for the general practitioner. Any follow-up 

investigations or referral to a surgeon were to be arranged by the general practitioner. No 

attempt was made by the investigators to influence clinical management with regards to 

threshold for intervention or method of repair.  

 

Outcomes 

Electronic record linkage to population-based name-identified records was used to 

identify men undergoing surgery for AAA and deaths from AAA (see Table for relevant 

codes) and all other causes, via the Western Australian Data Linkage System (WADLS). 

This system provides electronic linkage to records from death, hospital, and cancer 

registries and captures admissions to all public and private hospitals in Western Australia 

(5). It is possible that some procedures and deaths occurring outside the state may not be 

registered in the Western Australian databases. However, given the age of the study 

population, men are unlikely to move interstate or overseas in substantial numbers and so 

these databases can be expected to be largely complete. Importantly, there is no reason 

for any systematic bias with any missing data. 

 

Between September 1997 and February 2004 men with AAAs were invited for 

surveillance scanning (12 monthly if 3-3.9cm and 6 monthly if >4cm) with 686 

participating (6). As with baseline screening, results were given to the men and sent to 

their general practitioner. 
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Table. International Classification of Disease (ICD) codes used to identify admissions and procedures for AAA, and rupture or deaths 
from AAA.  

 
  No rupture Rupture 

  
 

ICD-9 ICD-9-
CM 

ICD-10-AM ICD-9 ICD-9-CM ICD-10-AM 

No operation Dx codes N/A N/A N/A 441.3 441.3  I71.3 
Open repair Dx codes 

+ 
441.4 441.4 I71.4 441.3 441.3 I71.3 

Procedure 
codes 

5-382 or 
5-383 or 
5-385 or 
5-392 or 

5-395  
(all may have 

also ‘5’ as 
fifth digit) 

38.44 or 
38.46 or 
38.64 or 

39.25 

33080-00 or 
33181-00 or 
33115-00 or 
33116-00 or 
33118-00 or 
33121-00 or 
33112-00 or 
33154-00 or 
33157-00 or 
33160-00 or 
33181-00 or 

33151-00 
 

5-382 or 
5-383 or 
5-385 or 
5-392 or 

5-395  
(all may have 

also ‘5’ as fifth 
digit) 

38.44 or 
38.46 or 
38.44 or 

39.25 

33080-00 or 
33181-00 or 
33115-00 or 
33116-00 or 
33118-00 or 
33121-00 or 
33112-00 or 
33154-00 or 
33157-00 or 
33160-00 or 
33181-00 or 

33151-00 

Endoluminal 
repair 

Dx codes 
+ 

N/A 441.4 I71.4 N/A 441.3 I71.3 

Procedure 
codes 

N/A 39.52 or 
39.71 

90228-00 N/A 39.52 or 
39.71 

90228-00 
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Comment on differences with earlier reports 

 

In performing the analysis for the current manuscript we identified some problems with 

the methods used for earlier analyses (2-4).  

We have now modified the methods and believe the new approach is much more accurate 

and complete. The methodological problems are outlined below in order to explain 

discrepancies between the analyses. 

 

1. Allocation of start dates.  

All potentially eligible men (n=49,801) were randomised into two groups prior to the trial 

starting in April 1996. Having randomised at the beginning of a three year screening 

period, there would inevitably be a substantial number of deaths prior to the date of 

intervention. As this would reduce the efficacy of screening in the trial – and 

effectiveness in a real screening program - we knew that we needed a more appropriate 

start date, so the date of actual screening was chosen for attending men and a ‘virtual’ 

date was created for men in the control group (and for men in the screening group who 

did not attend). In the earlier publication (2), mortality from AAA was reported from two 

start dates: actual (or virtual) screening date (Table 2) and initial randomisation date 

(Table 3).  

 

The ‘virtual’ date of screening, was defined as the median scheduled date of screening for 

groups of men from the same age and postcode area randomised to the invited group. 

This was thought to be an acceptable solution at the time, however the method generated 

two problems: 

(a) Although it reduced the total number of deaths prior to intervention, it did not 

necessarily ensure a balanced number of deaths between the two arms. For 

men undergoing screening, it was (obviously) impossible to have died before 

their actual screening date - yet it was possible to die before a ‘virtual’ 

screening date. It was considered necessary and appropriate to balance the 

deaths in each arm prior to starting date. Unfortunately the current authors are 

not sure how this was done, as the two of the original authors responsible for 
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this level of database management are deceased, and the relevant analysis files 

cannot be located. To the best of our knowledge this was achieved by 

identifying and allocating matched and equal numbers of deaths in the two 

arms of initial randomised sample (n=49,801) – hence the artificially equal 

starting numbers in each group after exclusion of ‘died before invitation’ men.  

(b) The precision and reliability of the software program used to allocate the 
virtual dates was not checked. A recent retrospective reconstruction of the 
dates (Figure 1) shows that the distribution of the virtual dates was quite 
different from that of the actual dates of men who attended for screening. In 
the screened men, the only gaps were over the December/January holiday 
period, yet in the virtual dates there were unexpected (and unexplained) gaps 
of 2-6 months duration. We now realise that this difference in the distribution 
of start dates will have subtly influenced the age structure, and the rate of 
accumulation of events. The gaps potentially increased the time during which 
a man might die of an AAA prior to his virtual date. Theoretically this would 
have occurred most frequently in the unscreened (did not attend) men of the 
invited group as they had the highest rate of AAA mortality and their 
exclusion (as deaths before invitation) would potentially cause a bias in favour 
of screening. 
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Figure 1. Screening Date Distribution for the Screened Men in the Intervention (Invited) 

Arm and Virtual Screening Date Distributions for the Unscreened Men in the 

Intervention Arm and for the Men in the Control Group 
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In the present manuscript, the start date is based on the invitation date for the Intervention 

(invited) group and a matched date for controls based on batches of age-matched men in 

the same postcode. This approach results in comparable distribution of start dates (Figure 

2).  
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Figure 2. Mail date distributions for the screened and unscreened men for the Intervention 

Arm and for the men in the control group. 
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The new method generates appropriately balanced start dates in the two arms. The 

differences in the numbers in each arm are summarised in the Table below. 

 

Men aged 64-83 years BMJ 2004 (2) 

EJEVS 2008 (3) 

Current 

Control group 19,352 19,231 

Invited group 

               Scanned 

19,352 

12,203 

19,249 

12,203 

 

Men aged 65-74 years BMJ 2004 (2) 

EJEVS 2008 (3) 

Current 

Control group 12,938 13,239 

Invited group 

               Scanned 

13,298 

8,641 

13,266 

8,951 

 

In addition, responding to a comment (4) concerning a meta-analysis of all-cause 

mortality (3), we reported different denominators for men aged 65-74 years (n=13,957 for 

controls and n=13,970 for the invited group). Although these denominators now appear 

inaccurate (and no longer re-producible), they did yield a credible and similar odds ratio 

for the effect of screening on mid-term all-cause mortality (0.98 [95%CI 0.94 to 1.03]) 

compared to that obtained in the current long-term analysis (0.99 [95%CI 0.95 to 1.02]). 

 

2. Endovascular aneurysm repairs (EVARs).  

When undertaking the analysis for the 2004 paper (2), we were aware that an increasing 

number of EVARs of AAAs were being performed in Western Australia between 1996 

and 2001. At the time we were concerned that the choice of codes for this new procedure 

may have been unreliable or inconsistent. For this reason, the only ICD-9-CM procedure 

code used was 38.44 (open repair). This approach would have missed most, if not all, of 

the EVARs. Due to the greater number of elective procedures in the invited group, 

proportionally more post-operative deaths may have been missed in this group compared 

to the control group – potentially resulting in a bias in favour of screening. In the current 
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analysis we have included other procedure codes (Table) – particularly 39.52 – which, in 

consultation with hospital coding staff, appear to have been used for EVARs in a 

consistent and accurate fashion.  
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eFigure 1. CONSORT Flow Diagram for Men Aged 65 to 74 Years 
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eFigure 2. The Timing and Number of Men Aged 64 to 83 Years Undergoing Open 
Surgery and Endovascular Procedures (EVAR) for AAAs  
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eFigure 3. Cumulative Deaths From AAAs in Men Aged 65 to 74 Years 
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eFigure 4. AAA-Related Events in Men Aged 65 to 74 Years With Aortic Diameters <30 
mm at Baseline 

 
 
 
 
There were no cases of surgery with survival for ruptured AAAs 
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eTable 1. Comparison of Men Who Did and Did Not Attend Screening 

Men aged 64-83 years Screened 
(n=12,203) 

Not screened 
(n=7,046) 

Prior AAA surgery 19 (0.16%) 232 (3.3%) 
Elective surgery 405 131 
Surgery for rupture 7 19 
AAA deaths:   

Following elective surgery 11 7 
Following surgery for ruptured AAA 4 12 
Ruptured AAA, no surgery 11 35 
Late AAA deaths 6 4 
Total AAA deaths 32 58 

   
Absolute risk (95%CI) 
 

0.26% (0.18 to 0.37) 0.82% (0.63 to 1.06) 

All deaths 5,382 4,267 
Men aged 65-74 years Screened 

(n=8,950) 
Not screened 

(n=4,316) 
Prior AAA surgery 12 (0.13%) 135 (3.1%) 
Elective surgery 279 89 
Surgery for rupture 4 10 
AAA deaths:   

Following elective surgery 4 2 
Following surgery for ruptured 
AAA  

2 6 

Ruptured AAA, no surgery 8 21 
Late AAA deaths 2 3 
Total AAA deaths 16 32 

  
Absolute risk (95%CI) 
 

0.18% (0.10 to 0.29) 0.74% (0.51 – 1.05) 

All deaths 3,209 2,199 
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eTable 2. Comparison of Screened Men Who Smoked vs Men Who Never Smoked 

  Ever Smoked OR (95%CI) 
  No Yes 
64-83 years  
Diameter (mm) <30 3,499 (96.76%) 7,829 (91.17%)
 ≥30 117  (3.24%) 758  (8.83%) 2.90 (2.37 - 3.53)

AAA Elective 
Operations 

No 3,571 (98.76%) 8,227 (95.81%)

 Yes 45  (1.24%) 360  (4.19%) 3.47 (2.54 - 4.75)

AAA Ruptures No 3,614 (99.94%) 8,571 (99.81%)
 Yes 2  (0.06%) 16  (0.19%) 3.37 (0.78 - 14.68)

AAA Deaths No 3,612 (99.89%) 8,559 (99.67%)
 Yes 4  (0.11%) 28  (0.33%) 2.95 (1.04 - 8.43)

All Deaths No 2,306 (63.77%) 4,515 (52.58%)
 Yes 1,310 (36.23%) 4,072 (47.42%) 1.59 (1.47 - 1.72)
  
Age 65-74 years  
Diameter (mm) <30 2,592 (97.92%) 5,807 (92.13%)
 ≥30 55  (2.08%) 496  (7.87%) 4.03 (3.04 - 5.34)

AAA Elective 
Operations 

No 2,621 (99.02%) 6,050 (95.99%)

 Yes 26  (0.98%) 253  (4.01%) 4.22 (2.81 - 6.33)

AAA Ruptures No 2,646 (99.96%) 6,292 (99.83%)
 Yes 1  (0.04%) 11  (0.17%) 4.63 (0.60 - 35.85)

AAA Deaths No 2,646 (99.96%) 6,288 (99.76%)
 Yes 1  (0.04%) 15  (0.24%) 6.31 (0.83 - 47.81)

All Deaths No 1,940 (73.29%) 3,801 (60.30%)
 Yes 707 (26.71%) 2,502 (39.70%) 1.81 (1.63 - 2.00)
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eTable 3. Comparison of Crude Numbers and Percentages (Not Rates/Person-Years) in 
the 3 Largest Trials of Screening for AAAs in Men Aged 65 to 74 Years (65-73 Years for 
the Danish Trial) 

 MASS Danish Trial WA Trial 

Number randomised (n) 67,770 12,639 26,505 

Response fraction 80% 77% 68% 

AAA prevalence (≥30mm) 4.9% 4% 7.2% 

Follow-up (median) 13 years 13 Years 12.8 years 

Elective Surgery                                 

Controls 

Invited for screening

0.82% 

1.77% 

0.7% 

1.4% 

2.1% 

2.8% 

Ruptured AAAs                                 

Controls 

Invited for screening

1.36% 

0.77% 

Not reported 

Not reported 

0.40% 

0.32% 

AAA deaths                                        

Controls 

Invited for screening

1.12% 

0.66% 

0.87% 

0.30% 

0.39% 

0.36% 

Absolute reduction in AAA deaths 0.46% 0.57% 0.03% 

Relative reduction in AAA deaths 42% 66% 7.7% 

All cause deaths                                 

Controls 

Invited for screening

40.3% 

39.2% 

47.0% 

46.3% 

41.2% 

40.8% 

. 


