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Specific Objectives 

• To determine whether the use of statins, -
blockers, or ACE inhibitors is associated with 
slower AAA enlargement.  

 

• To identify the best model for AAA enlargement  
to improve understanding and prediction 
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Outcomes 

AAA enlargement is our 1° outcome 
measure because it  

• represents disease progression 

• is strongly associated with rupture 

• is the main determinant of AAA repair and 
the only one potentially modifiable by drugs  

• was 1° outcome of all trials of medical 
therapy to date  
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Algorithm for finding AAA measurements 

• 1995-2009 radiology reports at Mpls, W LA, Seattle VA’s 

• CPT codes indicating abdominal CT or US 

• Plus: no CPT code + procedure name containing ‘abdom’ + 
CT or ultrasound (to capture CT of abd & pelvis) 

• Include procedure if report contains:  

a) “AAA” or “aneu” or  

b) “aort” if within 60 characters of “mm”, “cm”, “millimeters”, or 
“centimeters”, and does not contain “velocit” 

• On any pt who met a or b, also include:  

• Any abd CT/US from Mpls, W LA, Seattle 

• Any abd CT/US that met a or b from any VA  
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The Reports 

• Algorithm identified 19,597 patients with at 
least one study meeting the search criteria  

• 52,962 studies on these patients were 
imported for further evaluation. 

• Double entered by undergrads over 2 
summers 
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Figure 1. Application to Facilitate Entry of AAA Measurements 
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Results 

• 6% discrepancies → resolved by 3rd (BT or FL) 

• 45.0% had an aortic diameter ≥ 3.0 cm (specificity) 

• 4,638 studies not meeting our search criteria were 
also assessed to estimate sensitivity (= 99.6%).  
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Results 2 

• Excluded measurements after repair 
(identified on report or in records)  

• Ended up with 5362 patients with AAA (>3cm) 

• 2428 patients had ≥ 2 meas over at least 6 mo 

• These 2428 patients had 12,397 exams 

• Largest single series to date                                
(though not by much) 
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Absolute Diffrences in Diameters:US both times

Diameter 2-Diameter 1

F
re

q
u

e
n

c
y

0 10 20 30 40 50

0
5

1
0

1
5

2
0

Difference  in AAA diameter (mm) between 
2 ultrasound exams within 30 days 

n = 81         

Mean difference = 3.7 mm 

Standard deviation = 7.0 mm 
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Difference  in AAA diameter (mm) 
between 2 CT scans within 30 days 

Absolute Diffrences in Diameters: CT Scan both times

Diameter 2-Diameter 1
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n = 524       

Mean difference = 3.0 mm 

Standard deviation = 4.5 mm 
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Difference  in AAA diameter (mm) between 
ultrasound & CT exams within 30 days  Diffrences in Diameters: CT-US Switch
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                       n = 887      

Mean diff (CT–US) = .86 mm 

Mean absolute diff = 4.1 mm 

Standard deviation = 6.1 mm 

mm 
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Preliminary Analysis 

• Smoothing 

• for ≥ 2 meas w/i 30d, replace w mean at date of last meas 

• Using simple linear model: enlargement rate for the 
2428 with at least 2 measurements at least 6 months 
apart = 2.0 mm/yr 
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Characteristics of pts with  
≥ 2 meas over at least 6 mo  

Demographics  

Age, mean (SD) 71.18 (7.94) 

CT (vs US), n (%) 1144 (47.12) 

White  1990 (81.99) 

Married 1229 (50.62) 
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Smoking Status, n (%) 

Current Smoker 639 (26.32) 

Former Smoker 1128 (46.46) 

(Remember this for later) 
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Medication Use, mean (SD) 

ARBs 0.04 (0.17) 

ACE Inhibitors 0.32 (0.45) 

Beta Blockers 0.33 (0.47) 

Statins 0.35 (0.45) 
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Diagnoses, n (%) 

Arrhythmia 498 (20.51) 

Coronary Artery Disease 894 (36.82) 

COPD 671 (27.64) 

High Cholesterol 552 (22.743 

Depression 323 (13.30) 

Diabetes 263 (10.83) 

Hypertension 1368 (56.34) 

Peripheral Vascular Disease 352 (14.50) 

Sexual Dysfunction 192 (7.91) 

Stroke/TIA 290 (11.94) 
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The Propensity Analysis 

• Useful when the number of measured potential 
confounders is large 

• For each examined factor (i.e. statins), divide sample 
into quintiles of likelihood of getting statins given other 
covariates (demographics, co-morbidities, etc) 

• Within each quintile, use generalized linear mixed model 
logistic regression to assess effect of statins on AAA 
enlargement 

• Included covariates in logistic regression (doubly adjusted) 

• Combine results from the quintiles to get final estimate 
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Results of propensity analysis 
using only baseline values 

In cm/yr.        *p<.05, **p<.01 

r1 is subgroup enlargement rate 

r2 is change from overall rate.  

explanation coming! 
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Results 
accounting for 
change over 

time 
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Index Event Bias 
Dahabreh & Kent, JAMA 2/23/11;305:822-3 

• Arises in observational studies that select patients 
based on the occurrence of an index event (dx) 

• Paradox: risk factor (PFO) for disease (CVA) does 
not appear to be RF for recurrent CVA 

• Explanation: Among those with CVA, those with PFO 
have less DM & HTN, i.e. it ‘compensates’ for lack of 
other RF’s 

• One CVA 2° PFO, another 2° DM/HTN. All RF’s 
continue, so both pts have same risk for 2nd CVA, but 
no RF seems to ↑ prob 2nd CVA 

• To predict 2nd CVA, a factor must outstrip other 
factors that led to 1st CVA 
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Why might enlargement have 
been less in “ever smokers”? 

• Most (2/3)  ‘ever smokers’ were ‘former 
smokers’ 

• That means the factor (smoking) that got them 
into the group (AAA) had been removed 

• Therefore, they subsequently did better than 
‘never smokers’ with AAA whose risk factors 
(genes, atherosclerosis, etc) continued 
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My conclusions from spending way 
too much time on this study 

• Observational AAA enlargement studies are of 
limited value 

• Population (and especially screening) studies (AAA 
vs no AAA) are a better way to learn what factors 
contribute to AAA development 

• The only way to know a drug’s effect on AAA 
enlargement  is to do an adequately powered 
randomized trial 

• To find an effective drug, we will probably have to 
determine AAA etiology and use “intelligent design” 
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Potential patterns of  

AAA enlargement 
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One Random Effect (Gauss) 

  

One Random Effect (Gauss) 

  

(truncated at 5.5 cm) 

(≥ 2 meas over at least 6 mo) 
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Time alignment with imputation  
to generate a growth curve 

• Round all measures to nearest .25 cm 

• 1084 had first measurement of 3.0 cm 

• Randomly select from these                                          
a time to 3.25 cm and add                                               
this time to AAA                                            
first measured at 3.25 cm 

• Repeat for each .25 cm,                                       
adding in pts with that                                               
first measurement  

• Do 5x and combine results 
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