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Abdominal Aortic Aneurysm Expansion
Risk Factors and Time Intervals for Surveillance

Anthony R. Brady, MSc; Simon G. Thompson, DSc; F. Gerald R. Fowkes, FRCPE;
Roger M. Greenhalgh, MD; Janet T. Powell, MD;

on behalf of the UK Small Aneurysm Trial Participants

Background—Intervention to reduce abdominal aortic aneurysm (AAA) expansion and optimization of screening intervals
would improve current surveillance programs. The aim of this study was to characterize AAA growth in a national
cohort of patients with AAA both overall and by cardiovascular risk factors.

Methods and Results—In this study, 1743 patients were monitored for changes in AAA diameter by ultrasonography over a
mean follow-up of 1.9 years. Mean initial AAA diameter and growth rate were 43 mm (range 28 to 85 mm) and 2.6 mm/year
(95% range, �1.0 to 6.1 mm/year), respectively. Baseline diameter was strongly associated with growth, suggesting that AAA
growth accelerates as the aneurysm enlarges. AAA growth rate was lower in those with low ankle/brachial pressure index and
diabetes but higher for current smokers (all P�0.001). No other factor (including lipids and blood pressure) was associated
with AAA growth. Intervals of 36, 24, 12, and 3 months for aneurysms of 35, 40, 45, and 50 mm, respectively, would restrict
the probability of breaching the 55-mm limit at rescreening to below 1%.

Conclusions—Annual, or less frequent, surveillance intervals are safe for all AAAs �45 mm in diameter. Smoking
increases AAA growth, but atherosclerosis plays a minor role. (Circulation. 2004;110:16-21.)
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Abdominal aortic aneurysm (AAA), defined as an aortic
diameter �30 mm, is a common condition in older men.

Large screening studies have suggested a prevalence of
around 5% in men over the age of 50.1,2 Two randomized
controlled trials, the UK Small Aneurysm Trial and the
US-based Aneurysm Detection and Management Trial
(ADAM), have shown that a policy of early elective surgery
for small AAA (40 to 55 mm in diameter) does not save
lives.3–5 These trials and follow-up of patients with AAA
detected in the UK Multicenter Aneurysm Screening Study
(MASS)1 also showed that a policy of surveillance until the
AAA diameter exceeded 55 mm (approximately 3 times the
normal aortic diameter) was safe and associated with a very
low rate of AAA rupture, around 1% per annum.

One outstanding issue of management is how frequently
surveillance should be offered to patients with AAA �55 mm
in diameter. It is not clear what data, if any, current practice
is based on. The MASS trial1 scanned patients with diameter
45 to 50 mm at 3-month intervals, whereas the UK Small
Aneurysm Trial3 used 6-month intervals for these patients.
ADAM4 rescreened patients with AAA diameter 50 to 55 mm
every 6 months, compared with every 3 months in the UK.1,3

A previous study of AAA growth and rupture investigated

screening intervals. The data were derived from only two
centers and these yielded different results; for instance, the
predicted percentage of 40-mm aneurysms exceeding 60 mm
within 3 years was 0.6% at one center and 5.8% at the other.6

Recently, screening intervals for those with AAA �40 mm in
diameter have been derived from a UK screening program.7 A
screening interval of 1 year for those with AAA 35 to 39 mm
in diameter was recommended because, during this interval,
only 2 of 166 patients had aneurysms of 55 mm or greater and
no patient had required surgery or suffered AAA rupture.7

Others have suggested a 2- or 3-year screening interval for
AAA �40 mm.8,9

Studies of AAA expansion, and the factors associated with
expansion, have been limited by small sample sizes and
mostly analyzed by linear regression. The last measurement
in a series of AAA measurements will tend to be biased
toward larger diameter because measurement errors, which
by chance overestimate AAA diameter, may lead to the
measurement series being terminated (by elective surgery).
Linear regression analysis is affected by this bias, overesti-
mating the slope of aneurysm growth. We analyzed longitu-
dinal AAA diameter measurements from a large national
cohort using likelihood-based methods that are not subject to
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this bias.10 The aim of the analysis was to characterize
average and interpatient variability in AAA expansion to
inform surveillance protocols, and to investigate a predefined
set of cardiovascular characteristics and risk factors for
association with aneurysm growth.

Methods
Patients with AAA referred to vascular surgeons at 93 UK hospitals
were entered into the UK Small Aneurysm Trial or Study.11 Patients
fit for surgery with AAA diameter 40 to 55 mm were invited to
participate in the UK Small Aneurysm Trial, which compared the
treatment options of immediate surgery and surveillance, the latter
with aneurysm repair only when AAA diameter exceeded 55 mm,
AAA expansion of 10 mm or more per year was observed, or patients
experienced symptoms related to their AAA.3 All patients were
followed up every 3 months (in AAA �50 mm) or 6 months (in
AAA �50 mm) for aneurysm diameter measurement until surgery,
death, or end of scheduled follow-up. The maximum anterior-
posterior aneurysm diameter was measured by ultrasonography using
an Aloka SSD500 with a 3.5-MHz transducer (Keymed). The
repeatability of measurement of aneurysm diameter was �2 mm. All
studies had approval from local ethics committees.

A predefined statistical analysis plan was followed, in which each
predictor of growth was considered adjusted for age and sex alone
and adjusted for age, sex, and other predictors in its risk factor group
(smoking, hypertension, atherosclerosis, and cardiovascular). Pa-
tients without follow-up AAA diameter measurements were omitted.
Variables with very skewed distributions were log transformed to
reduce the influence of outliers. The results were checked after the
addition of potential confounding variables: diabetes, angina from
Rose questionnaire, creatinine, plasma glucose concentration, FEV1,
source of referral (family practitioner, other clinic, or other), region
(based on centers in Edinburgh, Bath, London, Leicester, and
Manchester), hospital type (teaching or district general hospital),
patient group (trial, refused trial, study unfit, study small AAA, or
study waiting for surgery; Table 1), and aspirin use. Due to resource
constraints, HDL-cholesterol and cotinine (a stable metabolite of
nicotine) were only measured in Trial patients.

Model Fitting
Random effects linear and quadratic growth models were fitted using
Markov Chain Monte Carlo methods in WinBUGS12 and compared
by the Deviance Information Criterion (DIC).13 Intercept, slope, and
curvature terms were assumed to follow a multivariate normal
distribution except for the overall model without covariates when the
normality assumption on the intercepts was relaxed. Noninformative
priors were used. Exponential growth models6 were not used as they
did not fit the data as well. The average linear growth rate reported
is the median of the posterior slope distribution. Patients contribute

equally to the estimation of this distribution regardless of number of
follow-up measurements. The within-subject errors about each indi-
vidual’s regression line were assumed to be drawn from a
t-distribution with degrees of freedom estimated from the data.
Patient characteristics and risk factors were entered into the model as
fixed effects allowed to influence the linear component of growth. The
relation between growth and initial diameter was estimated from the
relevant covariance term in the model, and was thus not biased by
regression to the mean. All parameter estimates reported are medians
and 95% credible intervals (CI) of the relevant posterior distributions for
a change in continuous variables of approximately one standard devia-
tion. Further details on the statistical modeling are available from
http://www.mrc-bsu.cam.ac.uk/BSUsite/Publications/preslid.shtml.

Results
For this study, 2366 patients (1090 Trial and 1276 Study)
were recruited. After exclusion of 623 patients with only one
AAA measurement, a total of 9125 AAA diameter measure-
ments were taken on 1743 patients between August 1991 and
June 1998. The mean age of patients was 69.4 years (range 58
to 77), and 1356 (78%) were male. The mean AAA diameter
at baseline, when patients were referred to a vascular surgeon,
was 43 mm (standard deviation 7 mm; Table 1). Patients in
the surveillance arm of the Trial and Study patients with
small aneurysms contributed most measurements to the data
set (29% and 30%, respectively; Table 1). Measurement of
AAA diameter was terminated more often due to surgery in
Trial patients and due to end of follow-up in Study patients
(Table 1). The greatest risk of death was observed in unfit
Study patients and in the small number awaiting surgery for
large AAA (Table 1).

The growth profiles of the 25 patients with longest
follow-up are shown in Figure 1. Many patients can be seen
to have linear or accelerating expansion, although one patient
(No. 4) experienced a steady reduction in AAA diameter. A
noticeable feature of some patients is “growth spurts” fol-
lowed by periods of stasis (patients 3, 10, 12, 15, 17, and 25,
for example).

For patients in the surveillance arm of the trial or initially
considered unfit for surgery, where diameter measurement
series were truncated by surgery (n�411), the mean growth
rate calculated by linear regression analysis was 5.6 mm/year,
compared with an average linear expansion rate of 4.0 mm/
year using the likelihood-based method. The average linear

TABLE 1. Summary of Longitudinal AAA Measurement Data Collected During UK Small Aneurysm Trial and Study (Patients With 2 or
More Measurements Only)

Trial* Study

Immediate
Surgery Surveillance Unfit

Small
Aneurysm

Awaiting
Surgery

Refused
Trial Total

Patients, n 193 511 397 527 15 100 1743

AAA diameter at baseline, mm, mean (SD) 43 (5) 45 (5) 47 (8) 37 (4) 59 (6) 45 (4) 43 (7)

Duration of follow-up, years, mean (SD) 1.4 (1.3) 2.5 (1.6) 1.5 (0.9) 2.0 (1.0) 1.3 (0.9) 1.5 (1.0) 1.9 (1.3)

AAA measurements per patient, mean (SD) 4.1 (2.9) 7.3 (4.0) 4.2 (2.1) 4.6 (1.9) 3.9 (2.0) 4.4 (2.5) 5.2 (3.1)

Reason for termination of AAA measurement, n (%)

Surgery 159 (82) 315 (62) 96 (24) 50 (10) 5 (33) 23 (23) 648 (37)

Death 13 (7) 70 (14) 111 (28) 71 (13) 5 (33) 13 (13) 283 (16)

End of follow-up 21 (11) 126 (25) 190 (48) 406 (77) 5 (33) 64 (64) 812 (47)

*For 367 Trial patients, baseline preceded randomization (by a median of 7 months).
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expansion rate across all patients was 2.6 mm/year (95% CI
2.5 to 2.6 mm/year), although there was a wide variation
between individuals (95% reference range, �1.0 to 6.1 mm/
year). Negative growth was observed in 6.4% of patients in
this cohort. A quadratic model fitted the data substantially
better than the linear model (reduction in DIC13 of 1177), and
there was evidence of acceleration in the mean profile of
AAA expansion (coefficient on mean quadratic term for time
0.11 mm/year,2 95% CI 0.07 to 0.16).

AAA expansion was not associated with age or sex but was
strongly associated with diameter at baseline (Table 2),
reflecting the tendency of AAA expansion to accelerate with
time. Self-reported current smokers had significantly faster
AAA expansion (by approximately 0.4 mm/year; Table 2),
but growth was not significantly associated with lifetime
measures of smoking exposure at baseline (pack-years). The
association between AAA expansion and current smoking
persisted after adjustment for potential confounding factors.
In the 689 patients with plasma cotinine measurements, there
was no clear evidence for a dose-dependent relationship with
AAA expansion.

None of the measures of hypertension considered were
significantly associated with AAA expansion (Table 2).
Lower ankle/brachial pressure index (ABPI), indicating more
severe peripheral arterial disease, was associated with slower
AAA growth (Table 2), although the effect was attenuated
after adjustment for diabetes and other potential confounding
factors (0.10 mm/year per 0.2 U, 95% CI �0.03 to 0.25).

Only 45 (2.6%) patients at baseline and 32 of 871 (3.7%) at
2 years were being prescribed lipid-lowering medication.
However, neither total nor HDL plasma cholesterol concen-
tration was associated with AAA growth. Patients with the
lowest body mass index tended to have the fastest AAA
growth, but none of the atherosclerotic or cardiovascular risk
factors except ABPI showed a significant association with
AAA growth. Among the potential confounding factors there
was slower growth in 75 patients with diabetes (less by
0.79 mm/year, 95% CI 0.27 to 1.33).

The probability that the AAA diameter would exceed
55 mm was estimated from the quadratic model without
covariates according to baseline AAA diameter and time to
rescreening, with lines for 1%, 5%, and 10% of patients
exceeding 55 mm shown in Figure 2. Screening intervals of
36, 24, 12, and 3 months for patients with AAA diameter 35,
40, 45, and 50 mm, respectively, yield less than a 1% chance
of exceeding 55 mm. Because smoking was strongly associ-
ated with AAA expansion, the probability that mean AAA
diameter would exceed 55 mm was estimated separately for
current smokers and nonsmokers (Figure 3). The probabilities
were similar for smokers and nonsmokers, except at the
smallest AAA diameters.

Discussion
The evidence from clinical trials indicates that surveillance is
a safe, cost-effective management of small AAAs.1,3–5,14 A
strategy to reduce cardiovascular risk factors of those en-

Figure 1. AAA diameter measurements for 25 patients with longest follow-up (the bottom row has a different vertical scale).
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TABLE 2. Estimated AAA Growth by Patient Characteristics and Risk Factors

Factor
No.

Patients

Linear Growth Rate, mm/year

Average Difference* (95% CI) Adjusted Difference† (95% CI)

Age at baseline, years (tertiles)
58–67 581 2.63 �0.003 per 5 years (�0.14–0.14) � � �
68–71 581 2.57
72–77 581 2.68

Sex
Male 1356 2.66 0.03 (�0.36 to 0.26) � � �
Female 387 2.53 Reference

AAA diameter at baseline, mm (tertiles)
28–39 653 1.85 1.29 per 10 mm (1.05–1.53) � � �
40–45 518 2.69
46–85 572 3.50

Group: Smoking
Smoking status

Never 105 2.53 0.004 (�0.49–0.43) �0.04 (�0.56–0.48)
Ex 971 2.51 Reference Reference
Current 614 2.83 0.42 (0.17–0.68) 0.38 (0.10–0.65)

Pack-years (tertiles)
0–25 553 2.65 0.05 per 30 pack-years (�0.07–0.17) 0.004 per 30 pack-years (�0.14–0.13)
26–48 548 2.57
49–210 529 2.67

Plasma cotinine concentration‡, ng/mL
�10 388 2.99 0.13 per 3.6 log units (�0.05–0.31)§
10–500 83 3.54
�500 218 3.04

Group: Hypertension
History of hypertension

No 723 2.58 Reference Reference
Yes 959 2.70 0.08 (�0.16–0.33) 0.26 (�0.03–0.55)

Systolic blood pressure at baseline
(tertiles), mm Hg

70–142 573 2.53 �0.06 per 30 mm Hg (�0.18–0.08) �0.07 per 30 mm Hg (�0.22–0.09)
143–170 638 2.82
171–250 465 2.55

Antihypertensive medication
No 765 2.65 Reference Reference
Yes 932 2.61 �0.11 (�0.33–0.12) �0.23 (�0.50–0.07)

Group: Atherosclerosis risk factors and
measures of disease

ABPI (tertiles)
0–0.85 553 2.35 0.20 per 0.2 units (0.07–0.33) 0.22 per 0.2 units (0.10–0.34)
0.86–1.02 555 2.68
1.03–1.81 550 2.74

IHD from ECG
Unlikely 878 2.54 Reference Reference
Possible 469 2.76 0.17 (�0.15–0.50) 0.19 (�0.10–0.49)
Probable 265 2.46 �0.12 (�0.52–0.29) �0.06 (�0.48–0.33)

BMI, kg/m2 (tertiles)
15.0–23.2 552 2.70 �0.08 per 3.8 kg/m2 (�0.21–0.06) �0.09 per 3.8 kg/m2 (�0.23–0.05)
23.3–26.4 552 2.57
26.5–42.1 551 2.62

Total cholesterol, mmol/L (tertiles)
1.6–5.6 519 2.64 0.02 per 1.2 mmol/L (�0.11–0.16) 0.07 per 1.2 mmol/L (�0.07–0.21)
5.7–6.6 527 2.55
6.7–16.9 510 2.59

WCC, 109/L (tertiles)
1.2–6.7 563 2.54 0.07 per 0.3 log units (�0.07–0.23) 0.11 per 0.3 log units(�0.04–0.25)
6.8–8.5 575 2.71
8.6–74 531 2.51

(continued)
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rolled in surveillance programs is likely to improve patient
survival, but we show that, with the exception of smoking
cessation, such a strategy is unlikely to slow AAA growth.
We also provide a rational basis for determining appropriate
rescreening intervals for those enrolled in surveillance
programs.

The average rate of AAA expansion, 2.6 mm/year, is lower
than that reported in studies using linear regression model-
ing.3,15,16 The upward bias imposed by using linear regression
modeling to calculate AAA growth on a series of AAA
diameter measurements truncated by surgery above the
55-mm threshold was demonstrated clearly. Our model sug-
gested that AAAs of 50 mm in diameter grow around 70%
faster than those of 40 mm, a less dramatic difference than the
more than doubling of growth rates over the same range
reported by a previous study that used similar methods to
ours.6

Previous studies have identified that AAAs appear to
expand faster in current smokers, but most of these studies
have been too small to quantify the effect reliably.15–17 We
show that smoking increases AAA growth rates by 15% to
20%. Although highly significant, this is a small effect and
insufficient to warrant the recommendation of different
screening intervals for smokers (Figure 3). There was little

evidence, from cotinine analyses, of a dose-response effect,
but the more limited cohort (about 40% of the total) may have
been too small to investigate this reliably.

Diabetes, the only other cardiovascular risk factor to
demonstrate a significant association with AAA growth, had
a negative effect: Patients with diabetes had a crude reduction
of over 30%. ABPI is a measure of atherosclerotic bur-
den,18,19 and this also was inversely associated with AAA
growth, with growth rates reducing by 0.2 mm/year for each
fall of 0.2 in ABPI. Patients with most atherosclerotic burden
had the slowest AAA growth. There was no evidence that
blood pressure or lipids were associated with AAA growth.
These data suggest that atherosclerosis has a minimal role in
the continuing expansion that characterizes the natural history
of AAA. This accords with recent findings for thoracic aortic
dilatation, where atherosclerosis also appeared to play but a
minor role.20

Our findings may have biological implications. Proteoly-
sis, with destruction of structural connective tissue, and
inflammation are the pathological hallmarks of AAA.19 Dia-
betes is associated with modification and glycation of colla-
gens, resistance to metalloproteinase digestion, and decreased
synthesis and activity of metalloproteinases.21 The observa-

Figure 2. Probability of an individual’s AAA diameter exceeding
55 mm at rescreening by time since referral to vascular surgeon.

Figure 3. Probability of an individual’s AAA diameter exceeding
55 mm at rescreening by time since referral to vascular surgeon
according to baseline self-reported smoking status.

TABLE 2. (Continued)

Factor
No.

Patients

Linear Growth Rate, mm/year

Average Difference* (95% CI) Adjusted Difference† (95% CI)

Triglycerides, mmol/L (tertiles)
0.5–1.4 473 2.56 �0.03 per 0.5 log units (�0.16–0.11) �0.04 per 0.5 log units (�0.18–0.11)
1.5–2.3 464 2.66
2.4–12.9 435 2.54

HDL cholesterol,‡ mmol/L (tertiles)
0.44–0.94 230 3.06 0.14 per 0.4 mmol/L (�0.05–0.34) 0.11 per 0.4 mmol/L (�0.11–0.32)
0.95–1.23 232 3.02
1.24–4.55 227 3.04

CI indicates credible interval; IHD, ischemic heart disease; ECG, electrocardiogram; BMI, body mass index; WCC, white cell count; and HDL, high-density lipoprotein.
*Adjusted for age, sex, baseline diameter, and curvature in growth pattern.
†Adjusted for age, sex, baseline diameter, curvature in growth pattern, and other variables in group except those available on Trial patients only.
‡Available on Trial patients only.
§No adjusted figure presented, because smoking habit was an adjustment variable.
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tion that AAA expansion is slower in patients with diabetes
would support the hypothesis that smoking accelerates AAA
expansion by increasing the degradation of aortic connective
tissue rather than by promoting atherosclerosis.

The long-term outcome of aneurysm exclusion, either by
endovascular repair or open, is likely to be affected by
changes in aortic dimensions after grafting. An endovascular
device or Dacron bypass are fitted exactly to the aortic size,
but if aortic size changes with time, particularly at the
anastomosis sites, then late leaks and rupture can occur.5,22 It
is important to apply the findings of this study not only to the
surveillance of small aneurysms, but also postoperative
follow-up, particularly after endovascular repair. Patients
need to appreciate that the durability of AAA repair could be
threatened if they continue to smoke and the dilatation
process continues.

Screening for AAA and continued surveillance incur costs
to health providers and some anxiety for patients.14 Both can
be minimized by using the maximum interval between
surveillance visits that does not compromise patient safety.
Above the 55-mm threshold, the risk of rupture increases
substantially and intervention to exclude the aneurysm must
be considered.23,24 Therefore, we chose the criterion that less
than 1% of patients would have an aneurysm that exceeded
the 55-mm threshold at the subsequent visit, which provides
a high safety margin, particularly because the pilot data for
the MASS trial indicated that surveillance is safe using a
higher 60-mm threshold in men.6 This criterion allows time
for attendance reminder in cases of noncompliance. Using
this criterion, patients with AAA of �40-mm diameter would
not need rescreening for a further 24 months. Patients with
AAA 41 to 45 mm in diameter could be safely returned for
surveillance at 12-month intervals. Further, screening in a
specific month of the year may enhance compliance. Al-
though surveillance at 6-month intervals for those with AAA
�46 mm in diameter has proved safe in practice,4 when the
diameter exceeds 50 mm, surveillance at 3-month intervals
would have a higher safety margin (Figure 2). The different
studies6,7,9,25 evaluating time to reach a threshold diameter
have used different populations, thresholds, and methodolo-
gies, providing variable results: Pooling data in a metaanal-
ysis could resolve these differences and improve the evidence
base for screening interval guidelines.

Although this study has been able to offer a scientific basis
for screening intervals in surveillance programs, it has been
less successful in identifying strategies to reduce AAA
expansion rates. Smoking cessation must be encouraged,
because smoking was the only modifiable factor associated
with AAA expansion.

Acknowledgments
The UK Small Aneurysm Trial was supported by grants from the
Medical Research Council and the British Heart Foundation to
Imperial College and the University of Edinburgh. This research was
supported by a grant from the BUPA Foundation. This work would
not have been possible without the collaboration of the UK Small
Aneurysm Trial participants and the hard work of trial coordinators
(who are listed in reference 3).

References
1. Multicentre Aneurysm Screening Study Group. The Multicentre Aneu-

rysm Screening Study (MASS) into the effect of abdominal aortic aneu-
rysm screening on mortality in men: a randomised controlled trial.
Lancet. 2002;360:1531–1539.

2. Lederle FA, Johnson GR, Wilson SE et al. Aneurysm Detection and
Management Veterans Affairs Cooperative Study Investigators. The an-
eurysm detection and management study screening program validation
cohort and final results. Arch Intern Med. 2000;160:1425–1430.

3. UK Small Aneurysm Trial Participants. Mortality results for randomised
controlled trial of early elective surgery or ultrasonographic surveillance
for small abdominal aortic aneurysms. Lancet. 1998;352:1649–1655.

4. Lederle FA, Wilson SE, Johnson GR, et al. Aneurysm Detection and
Management Veterans Affairs Cooperative Study Group. Immediate
repair compared with surveillance of small abdominal aortic aneurysms.
N Engl J Med. 2002;346:1437–1444.

5. UK Small Aneurysm Trial Participants. Long-term outcomes of
immediate repair compared with surveillance of small abdominal aortic
aneurysms. N Engl J Med. 2002;346:1445–1452.

6. Vardulaki KA, Prevost TC, Walker NM, et al. Growth rates and risk of
rupture of abdominal aortic aneurysms. Br J Surg. 1998;85:1674–1680.

7. McCarthy RJ, Shaw E, Whyman MR, et al. Recommendations for screening
intervals for small aortic aneurysms. Br J Surg. 2003;90:821–826.

8. Grimshaw GM, Thompson JM, Hamer JD. A statistical analysis of the growth of
small abdominal aortic aneurysms. Eur J Vasc Surg. 1994;8:741–746.

9. Santilli SM, Littooy FN, Cambria RA, et al. Expansion rates and
outcomes for the 3.0cm to the 3.9cm infrarenal abdominal aortic aneu-
rysm. J Vasc Surg. 2002;35:666–671.

10. Diggle PJ, Liang KY, Zeger SL. Analysis of Longitudinal Data. Oxford
University Press: Oxford, 1994.

11. UK Small Aneurysm Trial Participants. The UK small aneurysm trial:
design, methods and progress. Eur J Vasc Endovasc Surg. 1995;9:42–48.

12. Spiegelhalter DJ, Thomas A, Best NG. WinBUGS Version 1.3 User
Manual. Cambridge, UK: MRC Biostatistics Unit; 2000.

13. Spiegelhalter DJ, Best NG, Carlin BP, et al. Bayesian measures of model
complexity and fit. J R Stat Soc Ser B. 2002;64:583–639.

14. UK Small Aneurysm Trial Participants. Health service costs and quality
of life for early elective surgery or ultrasonographic surveillance for small
abdominal aortic aneurysms. Lancet. 1998;352:1656–1660.

15. Chang JB, Stein TA, Liu JP, et al. Risk factors associated with rapid growth of
small abdominal aortic aneurysms. Surgery. 1997;121:117–122.

16. Lindholt JS, Heegaard NH, Vammen S, et al. Smoking, but not lipids,
lipoprotein(a) and antibodies against oxidised LDL, is correlated to the
expansion of abdominal aortic aneurysms. Eur J Vasc Endovasc Surg.
2001;21:51–56.

17. MacSweeney ST, Ellis M, Worrell PC, et al. Smoking and growth rate of
small abdominal aortic aneurysms. Lancet. 1994;344:651–652.

18. Newman AB, Siscovick DS, Nanolio TA, et al. Ankle-arm index as a
marker of atherosclerosis in the Cardiovascular Heart Study. Cardiovas-
cular Heart Study (CHS) Collaborative Research Group. Circulation.
1993;88:837–845.

19. Newman AB, Shemanski L, Manolio TA, et al. Ankle-arm index as a
predictor of cardiovascular disease and mortality in the Cardiovascular
Health Study. The Cardiovascular Health Study Group. Arterioscler
Thromb Vasc Biol. 1999;19:538–545.

20. Agmon Y, Khandheria BK, Meissner I, et al. Is aortic dilatation an
atherosclerosis-related process? J Am Coll Cardiol. 2003;42:1076–1083.

21. Portik-Dobos V, Anstadt MP, Hutchinson J, et al. Evidence for a matrix metal-
loproteinase induction/activation system in arterial vasculature and decreased
synthesis and activity in diabetes. Diabetes. 2002;51:3063–3068.

22. Fransen GG, Vallabhaneni S, Van Marrewijk CC, et al. Rupture of
Infra-renal Aortic Aneurysm after Endovascular Repair: A Series from
EUROSTAR Registry. Eur J Vasc Endovasc Surg. 2003;26:487–493.

23. Brown LC, Powell JT. UK Small Aneurysm Trial Participants. Risk
factors for aneurysm rupture in patients kept under ultrasound sur-
veillance. Ann Surg. 1999;230:289–296.

24. Lederle FA, Johnson GR, Wilson SE, et al, Veterans Affairs Cooperative Study
#417 Investigators. Rupture rate of large abdominal aortic aneurysms in patients
refusing or unfit for elective repair. JAMA. 2002;287:2968–2972.

25. Couto E, Duffy SW, Ashton HA, et al. Probabilities of progression of
aortic aneurysms: estimates and implications for policy. J Med Screen.
2002;9:40–42.

Brady et al Abdominal Aortic Aneurysm Expansion 21

 by on August 1, 2010 circ.ahajournals.orgDownloaded from 

http://circ.ahajournals.org

