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ABSTRACT
Objective: Recent vascular societal guidelines have recommended an abdominal aortic aneurysm (AAA) size threshold
for elective intervention; however, limited data have documented how well these AAA diameter benchmarks are being
met. The objective of this study was to analyze variation in management of AAAs based on diameter and to determine
the physician’s rationale for intervention on small AAAs in relation to recommended treatment guidelines.

Methods: A retrospective review of a statewide vascular surgery registry of all elective endovascular or open surgical AAA
repairs from January 2012 to January 2016 was performed. Patients were dichotomized on the basis of aortic diameter at
time of intervention into either guideline size AAAs or small AAAs, which were defined as <5.5 cm in men, <5.0 cm in
women, or with growth <1.0 cm/y. An internal review was conducted of all small AAAs to determine the physician’s
rationale for intervention. The primary outcomes were variation in adherence to recommended treatment guidelines and
the physician’s rationale for treatment of small AAAs. Risk-adjusted major complication and mortality rates were
calculated at 30 days and 1 year using a propensity score matching analysis.

Results: Among the 3932 patients who underwent an elective AAA repair, 485 (12.3%) were repaired at diameters smaller
than recommended by guidelines. The median AAA size in the small AAA cohort was 5.1 cm (interquartile range,
4.7-5.3 cm) vs 5.6 cm (interquartile range, 5.2-6.1 cm) in the guideline-based group. Percentage of small AAA repairs varied
widely between hospitals from 1.4% to 44.4%. The physician’s rationale for the majority of early interventions included the
patient’s anxiety (12.0%), combined aortoiliac occlusive disease (14.8%), aneurysm anatomy (28.2%), and does not adhere
to guidelines (30%). The small AAA cohort had no significant difference in the 30-day or 1-year risk-adjusted mortality in
comparison to guideline size AAAs.

Conclusions: Despite well-established aortic diameter threshold guidelines, marked variation exists both at the hospital
level and in terms of the physician’s rationale for the management of elective AAA repairs. These findings demonstrate the
challenge of providing uniform care for patients with AAAs despite established guidelines. (J Vasc Surg 2019;70:1089-98.)
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Decision-making related to the care of patients with an
abdominal aortic aneurysm (AAA) is complex. Aneu-
rysms present with varying risks of rupture, and patient-
specific factors influence operative risk as well as the
need to intervene. The Society for Vascular Surgery
(SVS) and the European Society for Vascular Surgery
(ESVS) have recently established guidelines for the man-
agement of AAAs that dictate the elective surgical repair
of an AAA >5.5 cm for men or >5 cm (5.2 cm in ESVS) for
women, with surveillance for smaller aneurysms.1,2 These
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Aneurysm Trial and the Aneurysm Detection and
Management (ADAM) trial, which found no long-term
survival benefit in the treatment of small aneurysms
compared with surveillance.3,4 Furthermore, given the
less invasive nature of endovascular aneurysm repair
(EVAR), two studies re-evaluated the appropriateness of
intervention for small aneurysms. The Comparison of Sur-
veillance vs Aortic Endografting for Small Aneurysm
Repair (CAESAR) and Positive Impact of Endovascular
Options for Treating Aneurysms Early (PIVOTAL) trials
found no survival benefit for early EVAR of small AAAs.5,6
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ARTICLE HIGHLIGHTS
d Type of Research: Multicenter retrospective review
of prospectively collected data from the Blue Cross
Blue Shield of Michigan Cardiovascular Consortium

d Key Findings: Of 3932 elective abdominal aortic
aneurysm repairs, 485 (12.3%) were performed with
aneurysm size below Society for Vascular Surgery
guideline thresholds (men, <5.5 cm; women,
<5.0 cm; growth <1.0 cm/y). Rationales for interven-
tion were aortoiliac occlusive disease (14.8%), aneu-
rysm anatomy (28.2%), and disregarding guidelines
(30%).

d Take Home Message: The repair of small abdominal
aortic aneurysms below guideline thresholds is
frequent. Continual feedback and monitoring of
indications are important to provide high-quality
care to aneurysm patients.

1090 Davis et al Journal of Vascular Surgery
October 2019
Despite these existing trials and guidelines for the man-
agement of elective AAA intervention, limited data have
documented how well these AAA diameter threshold
benchmarks are being met. Indeed, the reported
54-mm median intervention diameter for EVAR in the
Vascular Quality Initiative suggests that in a real-life
setting, AAA repair occurs at sizes below recommended
thresholds.7 Similar observations in the Pharmaceutical
Aneurysm Stabilisation Trial (PHAST), a nationwide study
performed in The Netherlands, indicate that the majority
of AAA repairs in patients under surveillance for a small
AAA occurred at diameters <5.5 cm.8 As a result, there
is significant regional variation in the elective treatment
of AAAs, with the rate of small AAA repairs occurring in
between 5% and 30% of all elective aneurysm interven-
tions.7,9 These studies, while providing insight into the
variation of small AAA management and using large
national and international databases, were confounded
by the inability to distinguish expansion rate or symp-
tomatic aneurysm status, which may drive repair of
aneurysms at a smaller size.10 Furthermore, these studies
lacked details specific to the patient’s or physician’s ratio-
nale for small AAA repair as circumstances such as
recent enlargement, strong family history of rupture,
saccular vs fusiform aneurysm, or preference of the sur-
geon may influence the decision to intervene.
Within this context, we conducted a statewide analysis

of variation in compliance with threshold AAA diameter
guidelines for elective aneurysm repair as well as deter-
mined the impact of AAA size on morbidity and mortal-
ity. Furthermore, using an internal review, we sought to
characterize the physician’s rationale for the manage-
ment of small AAAs in an effort to improve understand-
ing of vascular surgeons’ practice patterns.

METHODS
Selection of patients. The Blue Cross Blue Shield of

Michigan Cardiovascular Consortium Vascular Interven-
tion Collaborative (BMC2 VIC), a prospective, multicenter
observational registry, served as the data source for this
study. The details of the BMC2 VIC program have been
previously described.11,12 Briefly, this is a 35-hospital con-
sortium in Michigan that collects prospective data of
patients undergoing vascular surgical procedures with
30-day and 1-year outcomes. Data are queried by a
formal research submission to the BMC2 VIC center with
research proposals reviewed. In this study, all patients
undergoing elective AAA repair between January 2012
and January 2016 were included. Patients who under-
went intervention for an iliac aneurysm, aortoiliac
occlusive disease, or thoracoabdominal aneurysm repair
as the primary operation were excluded from this study,
as were patients who underwent an urgent/emergent
repair or who presented with a symptomatic AAA. Dur-
ing this time, 3932 elective AAA repairs were conducted,
and of these repairs, 358 patients underwent open
surgical intervention and 3574 patients underwent EVAR.
The 2017 SVS guidelines were used to categorize patients
into two cohorts: guideline-based AAA and small AAA.
Patients were deemed to have guideline AAA if they met
one of the following criteria: male patient with AAA
>5.5 cm in maximal diameter, female patient with AAA
>5.0 cm in maximal diameter, or AAA growth >0.5 cm
during the course of 6 months. Patients with elective
AAA repair not meeting these criteria were deemed to
have small AAA (Fig 1). Of note, only operations con-
ducted by vascular surgeons were included in this anal-
ysis, and no other medical or radiology subspecialty was
included. Per the BMC2 VIC, aortic diameter was deter-
mined by formal read of preoperative axial computed
tomography imaging by a physician radiologist at each
participating institution. Preoperative ultrasound mea-
surement or operative dictations were not used for
defining AAA diameter.
Regarding the BMC2 VIC data collection, a data form

was compiled for each patient, including demographic
information, past medical history, standard laboratory
test results, technical details of procedures, and associ-
ated complications if they occurred. Data quality is
controlled at three levels starting with manual review
at the point of data entry to ensure completeness and
validity by trained nurse coordinators. A database man-
ager confirms the quality of data entry and analyzes
random samples of data for clinical consistency. Finally,
twice a year, a nurse coordinator from BMC2 VIC per-
forms a site visit to audit all cases with severe complica-
tions and a random sample of 5% of cases. Regarding
technical considerations, the BMC2 VIC does not
collect information on the type of endovascular device
used for repair. Coronary artery disease was defined
as a history of myocardial infarction, percutaneous
coronary intervention, or coronary artery bypass graft.



VSURG AAA Discharge 
Records (2012-2016)

3932

Open AAA Repairs

358 (9.1%)

Guideline Size 
AAA

324 (90.5%)

Small AAA*

34 (9.5%)

Endovascular AAA 
Repairs

3574 (90.9%)

Guideline Size 
AAA
3123 (87.4%)

Small AAA*

451 (12.6%)

Fig 1. Flow chart of elective abdominal aortic aneurysm (AAA) repairs performed in the Blue Cross Blue Shield of
Michigan Cardiovascular Consortium Vascular Intervention Collaborative (BMC2 VIC) between January 2012 and
January 2016. *Small AAAs are defined as a male patient with AAA <5.5 cm in maximal diameter, a female patient
with AAA <5.0 cm in maximal diameter, or AAA growth <0.5 cm during the course of 6 months. VSURG, Vascular
surgery.
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Cerebrovascular disease was defined as a history of
stroke or transient ischemic attack. Hospital characteris-
tics, including hospital size (number of beds), rural vs
urban, and designation as a teaching or nonteaching
hospital, were also collected.

Internal review of rationale for AAA repair. If patients
were determined to have a repair of a small AAA with
aortic diameter below guideline criteria as stated before,
an internal query was sent to the treating physician to
verify the AAA size, procedural indication, and technical
attributes of the procedure. In total, 216 physicians (46%
response rate) responded to the internal review. Proce-
dural indications for the treatment of small AAAs were
categorized into patient’s anxiety, thromboembolism,
aortoiliac occlusive disease, aneurysm anatomy, saccular
aneurysm, and does not meet indication.

Outcome. The primary outcome included the 30-day
and 1-year patient morbidity and mortality associated
with repair of guideline size AAA or small AAA. Data
quality and the inclusion of consecutive procedures are
ensured by ad hoc queries, random chart review, and a
series of diagnostic routines included in the database
conducted by the coordinating center.

Statistical analysis. Patients were categorized into
those undergoing guideline AAA or small AAA repair
and compared on demographic, clinical history, and pro-
cedural variables by generating frequencies and percent-
ages for categorical variables and means and standard
deviations for continuous variables across groups. In
each descriptive analysis, unadjusted comparisons
included c2 tests for categorical variables and two tailed
t-tests for continuous variables.
Propensity score adjustment was used to analyze for

the differences appreciated between study cohorts on
major outcomes of postoperative morbidity and mortal-
ity. Given the large number of covariates, propensity
scores were estimated to use for the adjusted models
on all covariables except AAA size. The R MatchIt pack-
age was used to estimate the propensity scores across
the groups, and the cases were matched one-to-one by
propensity scores using an algorithm that minimizes
the average distance between all matched pairs.13 The
statistical analysis was then repeated using the matched
subsample to determine the average treatment effect
for each outcome.
All calculations were performed with the statistical soft-

ware R (version 3.0.2; R Foundation for Statistical
Computing, Vienna, Austria). The University of Michigan
School of Medicine Institutional Review Board has deter-
mined that study using the BMC2 VIC is exempt under
45 CFR 46.101(b)(4), and thereby a waiver for informed
consent was granted.

RESULTS
Patients’ characteristics. The study population con-

sisted of 3932 patients (20% women) who underwent
elective AAA repair, with 358 patients undergoing open
AAA repair and 3574 undergoing EVAR. The average
age was 71 (standard deviation, 8.5) years. Approximately
93% of the study population were white, and 7% were
black or of another race. Vascular-related comorbidities
were highly prevalent across the study population,



Table I. Baseline demographics and clinical history of patients

Small AAA size (n ¼ 485) Guideline AAA size (n ¼ 3447) P value

Demographics

Age, years 71.89 (8.32) 72.95 (8.89) .011

BMI, kg/m2 28.98 (14.9) 28.57 (8.17) .55

Female 45 (9.28) 750 (21.76) <.001

Race .045

Black 19 (3.91) 185 (5.36)

Other 6 (1.23) 85 (2.46)

White 460 (94.84) 3177 (92.16)

Smoking .564

Current smoker 171 (35.26) 1160 (33.65)

Never smoked 39 (8.04) 323 (9.37)

Prior smoker 275 (56.7) 1964 (56.98)

Hyperlipidemia 424 (87.42) 2891 (83.87) .051

Hypertension 424 (87.42) 2944 (85.41) .264

Diabetes 125 (25.77) 733 (21.26) .028

CAD 251 (51.75) 1713 (49.7) .424

COPD 208 (42.89) 1394 (40.44) .329

Renal failure 7 (1.44) 37 (1.07) .621

CHF 64 (13.2) 464 (13.46) .929

Valvular disease 29 (5.98) 212 (6.15) .963

Prior MI 4 (0.82) 49 (1.42) .392

Prior PCI 12 (2.47) 97 (2.81) .78

Prior CABG 4 (0.82) 34 (0.99) >.999

Hospital characteristics

No. of beds <.001

#250 beds 26 (5.36) 613 (17.78)

250 < beds < 500 236 (48.66) 1609 (46.68)

$500 beds 223 (45.98) 1225 (35.54)

Percentage rural (tertile) .097

Low 236 (48.66) 1792 (51.99)

Medium 147 (30.31) 886 (25.7)

High 102 (21.03) 769 (22.31)

Hospital classification .60

Nonteaching hospital 284 (58.56) 1972 (57.21)

Teaching hospital 201 (41.44) 1475 (42.79)

AAA, Abdominal aortic aneurysm; BMI, body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; CHF, congestive heart
failure; COPD, chronic obstructive pulmonary disease; MI, myocardial infarction; PCI, percutaneous coronary intervention.
Continuous variables are summarized by mean (standard deviation) and categorical variables by number (%). P values are calculated from the t-test
for continuous variables and c2 test for categorical variables.
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including hypertension (86%), hyperlipidemia (84%),
coronary artery disease (50%), and chronic obstructive
pulmonary disease (COPD; 41%). Many patients were
overweight or obese, and 34% were current smokers
(Table I).
Of the 3932 patients who underwent elective AAA

repair, 485 (12.3%) had repair of a small AAA. Patients
who had a small AAA repair had a higher predominance
of male sex and diabetes but had no difference in smok-
ing status, COPD, or family history of AAAs. On analysis by
type of aortic aneurysm repair, 34 (9.7%) open AAA
repairs and 451 (12.7%) EVARs were in small AAAs. Across
the state, there was a large diversity of the hospitals that
treat AAAs. As such, large hospitals (number of beds
>500) were found to treat a greater percentage of small
AAAs, but there was no difference in small AAA in urban/
rural or academic/private hospitals.
Regarding procedural characteristics, among open

AAA repairs, the median diameter of small AAAs was
5.05 cm (interquartile range [IQR], 4.2-5.25 cm), whereas
the median diameter of guideline size AAAs was 5.8 cm
(IQR, 5.2-6.6 cm). There was no difference in the type of



Table II. Periprocedural characteristics and intraoperative complications

Small AAAs (n ¼ 485) Guideline AAAs (n ¼ 3447) P value

Periprocedural characteristics

Preoperative Cr concentration, mg/dL 1.15 (0.78) 1.12 (0.58) .443

Preoperative Hgb level, mg/dL 14.01 (1.69) 13.65 (1.76) <.001

EVAR repair 451 3123

EVAR AAA size, cm 5.1 (4.7-5.3) 5.6 (5.1-6.1) <.001

Open repair 34 324

Open AAA size, cm 5.05 (4.2-5.3) 5.8 (5.3-6.6) <.001

Procedural complications

EBL, mL, median (IQR) 100 (50-300) 150 (50-300) .183

OR duration, minutes, median (IQR) 124 (92-173) 131 (96-187) .014

Transfusion 22 (4.54) 213 (6.41) .176

Embolus 3 (0.62) 11 (0.32) .403

Myocardial infarction 0 (0.00) 2 (0.06) >.999

Stent or graft thrombosis 0 (0.00) 7 (0.2) >.999

Vascular access complication 5 (1.03) 57 (1.65) 0.397

AAAs, Abdominal aortic aneurysms; Cr, creatinine; EBL, estimated blood loss; EVAR, endovascular aneurysm repair; Hgb, hemoglobin; IQR, inter-
quartile range; OR, operating room.
Continuous variables are summarized by mean (standard deviation) except where noted and categorical variables by number (%). P values are
calculated from the t-test for continuous variables and c2 test for categorical variables.
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aortic reconstruction, with aortic tube graft (41.2% vs
41.8%) and aortobi-iliac graft (26.5% vs 37.8%; P ¼ .264)
the predominant methods for repair of small and guide-
line size AAAs, respectively. For EVARs, the median aortic
diameter was 5.1 cm (IQR, 4.7-5.3 cm) for small AAAs and
5.6 cm (IQR, 5.1-6.1 cm) for guideline AAAs (Table II). Un-
adjusted bivariate analysis showed that the small AAA
cohort had a lower intraoperative blood loss (100 mL
[IQR, 50-300 mL] vs 150 mL [IQR, 50-300 mL]; P ¼ .183)
and a statistically significant shorter operating time
(124 minutes [IQR, 92-173 minutes] vs 131 minutes [IQR,
96-187 minutes]; P ¼ .0143). The low overall volume of
intraoperative blood loss appears to be predominantly
driven by the high proportion of endovascular repairs.
There was no difference in the rate of intraoperative
events between small AAAs and guideline AAAs,
including embolism, myocardial infarction, graft throm-
bosis, and vascular access complications (Table II).

Statewide hospital variation in AAA volume and rate
of small AAA repair. To gain insight into the variation of
small AAA repair, we analyzed each of the hospitals
participating in the vascular collaborative to determine
the hospitals’ overall AAA volume as well as the percent-
age of small AAA repairs. The AAA operative volume var-
ied greatly across the state during the study period, with
a 25-fold difference between the highest and lowest
operative volume hospital (Fig 2; mean, 73.86 58.5 cases).
In addition, there was a large variation in the percentage
of small AAA repairs at each center. On average, centers
performed 15.2% (range, 1.2%-44.4%) of their AAA cases
on small AAAs. Hospitals were divided into tertiles based
on hospital volume. Overall, hospitals in the lowest tertile
of AAA operative volume had small AAA repair that
constituted 21.0% of AAA repairs compared with 9.2% in
highest volume centers (hospitals in the highest tertile of
AAA operative volume; P < .05).

Physicians’ and patients’ rationale for small AAA
intervention. Previous studies using large national and in-
ternational databases to analyze variation in AAA repair
were unable to identify physician-specific details
regarding the rationale for small AAA intervention.7,9,10

Within this study, we conducted an internal review of all
physicians who treated the 485 small AAAs and received
216 responses (44% response rate). The physician’s ratio-
nale was then categorized to gain insight into physicians’
practice patterns for the management of small AAAs
(Fig 3). On evaluating physicians’ rationale for small AAA
repair, a minority of the small AAAs were repaired at sizes
below threshold because of either family history of AAA
(2.8%) or a previous medical condition (6.0%) that was
viewed by the treating physician to be a risk factor. Prior
medical conditions cited as reasons for early repair
included patients with poorly controlled hypertension,
moderate to severe COPD, or connective tissue disease
andpatientswho required additional orthopedic, cardiac,
or general surgery procedures but were deemed inap-
propriate for those procedures until the small AAA was
repaired. Few surgeons intervened on small AAAs for the
patient’s anxiety (12.0%), aneurysmal disease combined
with aortoiliac occlusive disease resulting in claudication
(14.8%), or a thromboembolic event (6.5%) for which the
AAA was viewed to be the nidus.
A moderate number of small AAA repairs were under-

taken because of aortic anatomy (28.2%) concerns.
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In-depth analysis of aortic anatomy suggested that
patients who presented with either a saccular compo-
nent to the AAA or a combined AAA and iliac aneurysm
were more likely to undergo repair at a diameter below
threshold.
Finally, amoderate percentage of the surgeonswhoper-

formed repair of small AAAs reported practice patterns
that did not adhere to SVS or ESVS guidelines or any pre-
viously categorized reason. Surgeons’ responses varied
widely, including intervention for young age, female sex
(AAA size >4.5 cm but <5.0 cm), growth rates
(<0.5 cm/y), concern that further watchful waiting would
result in AAA not amenable to endovascular repair, type
of endovascular device, and active tobacco use.



Table III. Comparison of discharge and 30-day major complications and mortality for patients with small abdominal aortic
aneurysm (AAA) and guideline size AAA

Variable Small AAAs Guideline AAAs P value

Propensity matching

Small AAAs Guideline AAAs P value

Readmission 14 (2.88) 138 (4.00) .337 14 (3.29) 25 (5.59) .138

Wound complication 8 (1.64) 49 (1.42) .971 8 (2.44) 6 (1.42) .454

Transfusion 28 (6.42) 271 (8.63) .141 28 (6.42) 24 (5.35) .591

Amputation 6 (1.4) 3 (0.1) <.001 6 (1.4) 2 (0.45) .17

Dialysis 4 (0.94) 29 (0.93) >.999 4 (0.94) 3 (0.67) .72

MI 6 (1.2) 41 (1.32) >.999 6 (1.4) 4 (0.9) .54

TIA or stroke 5 (1.17) 19 (0.61) .202 5 (1.17) 1 (0.22) .117

Death 8 (1.83) 66 (2.08) .870 8 (1.83) 4 (0.88) .352

MI, Myocardial infarction; TIA, transient ischemic attack.
Categorical variables are summarized by number (%), and P values are calculated from the c2 test.

Table IV. Comparison of 1-year morbidity and mortality for patients with small abdominal aortic aneurysm (AAA) and
guideline size AAA

Variable Small AAAs Guideline AAAs P value

Propensity matching

Small AAAs Guideline AAAs P value

Amputation 8 (2.9) 7 (0.34) <.001 8 (2.9) 2 (0.66) .053

EVAR reintervention 6 (2.33) 56 (2.89) .757 6 (2.33) 7 (2.33) >.999

TIA or stroke 6 (2.18) 36 (1.75) .627 6 (2.18) 7 (2.29) >.999

MI 7 (2.46) 22 (1.04) .073 7 (2.46) 2 (0.64) .094

Death 17 (5.94) 158 (7.23) .501 17 (5.94) 18 (5.61) .997

EVAR, Endovascular aneurysm repair; MI, myocardial infarction; TIA, transient ischemic attack.
Categorical variables are summarized by number (%), and P values are calculated from the c2 test.
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AAA size at intervention morbidity and mortality. The
current SVS and ESVS guidelines are based in part on
two randomized studies in the endovascular era, the
PIVOTAL study6 and the CAESAR study,5 demonstrating
that there is no survival benefit with repair of small AAA.
Consistent with previous studies, small AAA repair
showed no difference in 30-day or 1-year morbidity or
mortality when propensity matching was applied
(Tables III and IV). However, there were six amputations
and eight deaths in this group of small AAAs that
occurred on average <7 days after the procedure (mean,
4.7 6 5.5 days) resulting from multisystem organ failure
(n ¼ 4), cardiovascular insult (n ¼ 2), hemorrhage (n ¼ 1),
or unknown cause (n ¼ 1).

DISCUSSION
The indication for elective AAA repair depends on a

multitude of factors, of which maximal aortic diameter
remains one of the most important. National and inter-
national guidelines have established aortic diameter
threshold for intervention, with early intervention in
asymptomatic patients having no proven benefit over
watchful waiting. Despite these extensive guidelines,
variation in the management of elective AAA persists.
In this study, we demonstrate, using a large statewide
cardiovascular consortium, that 12.3% of elective AAA
repairs are occurring below the guideline diameter
threshold. Furthermore, there is a high variation across
hospital systems in AAA management, with some hospi-
tals performing as many as 40% of the elective repair in
small AAAs. Regarding the rationale for deviation from
guideline management, many small AAAs were repaired
because of either the patient’s anxiety or combined aor-
toiliac occlusive disease. In addition, aneurysm anatomy,
including saccular configuration and combined iliac
aneurysm, provided a strong influence on physicians’
preference to treat small AAAs. However, a considerable
number of physicians performed small AAA repair for
practice patterns that did not adhere to established
guidelines, demonstrating the difficulty in providing uni-
form care for the management of aneurysmal disease.
Prior investigations have noted significant regional vari-

ation in the elective treatment of small AAAs both
nationally and internationally.7,9,14 These studies, while
providing insight into the variation of small AAA man-
agement, were confounded by the inability to distin-
guish expansion rate or symptomatic aneurysm status,
which may drive repair of aneurysms at a smaller size.
In addition, these studies lacked details specific to physi-
cians’ practice patterns for the management of small
AAA. This study demonstrates a rate of small AAA repair
of 12.3% in our statewide cardiovascular consortium. This
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rate of small AAA repair is lower than previously reported,
which is consistent with this study’s analysis of only elec-
tive repairs and the ability to exclude rapidly expanding
and symptomatic aneurysms. Both national and interna-
tional guidelines have uniformly recommended a diam-
eter threshold for elective AAA repair of >5.5 cm in men
and a less uniform recommendation in women, with
5.0 cm by the SVS and 5.2 cm by the ESVS.2 These rec-
ommendations are based on multiple large randomized
trials and a Cochrane review indicating that repair of
small AAA is unlikely to result in an overall survival
benefit, even when it is performed with EVAR.3-6,15

Consistent with national practice patterns, EVAR was the
predominant method, accounting for 91% for all aneu-
rysm interventions. Previous studies have demonstrated
that early endovascular repair of a small aortic aneurysm
will prolong the in situ time of a graft by approximately
2 years and thus increase the likelihood of EVAR-related
complications.16 Although long-term data on the func-
tional life span of endografts are unavailable, observations
in the Medicare population and EVAR 1 trial identify long-
term stent graft function as a point of concern.17,18

To gain greater insight into the rationale for small AAA
intervention, an internal review was conducted that iden-
tified several physician practice patterns resulting in the
treatment of AAAs at a diameter below the guideline
threshold. A moderate percentage of physicians inter-
vened on small AAAs because of the patient’s anxiety.
Prior studies have demonstrated that the patient’s anxi-
ety related to a medical condition can adversely affect
quality of life preoperatively and predict postsurgical out-
comes for cardiovascular surgery.19,20 Another prominent
factor for physicians’ decision for early AAA intervention
was aneurysmal anatomy, specifically saccular contour.
At this time, the natural progression and rupture risk of
saccular aneurysms remain largely unknown. Although
some studies have documented similar growth rates
between saccular and fusiform aneurysms,21 detailed
biomechanical studies indicate that saccular aneurysms
influence wall stress and may be more prone to
rupture.22 This finding has been supported clinically
with limited single-center studies that documented a
higher percentage of saccular aneurysms rupturing at
small sizes.23 The SVS weakly recommended elective
repair of a saccular AAA but acknowledged that high-
quality evidence for the benefit of repair of a saccular
aneurysm at a lower diameter threshold is lacking.2

We found that 30% of the deviation in physicians’ prac-
tice patterns from guidelines do not necessarily corre-
spond to generally accepted indications. Within this
study, the surgeon’s rationale for deviation varied widely
and included young age, active tobacco use, and
concern that further watchful waiting would result in
an AAA or a combined AAA-iliac aneurysm that was
not amenable to EVAR. Regarding young age, recent
studies have demonstrated an increase in mortality after
AAA repair with each 10-year increase in age,24,25 thereby
suggesting that relatively younger and fitter patients may
benefit from earlier intervention.26 However, at this time,
early intervention in young patients with low surgical risk
has low evidence for efficacy in AAA repair.
An important finding from our data is that large hospital

variation in size threshold across the state was observed,
consistent with previous investigations.7 This study also
uncovered that hospitals with lower aortic volume per-
formed a higher percentage of surgery on small aortic an-
eurysms than hospitals with higher aortic volume. This
was not related to hospital location (urban vs rural) or hos-
pital status (teaching vs nonteaching). Although financial
incentives may play a role in low-volume centers con-
ducting small AAA repairs,9 it is difficult to determine to
what extent as detailed billing records were not available.
More important, there is a large body of literature demon-
strating that better postoperative outcomes occur among
patients receiving complex surgical care in high-volume
hospitals. Specifically, patients undergoing AAA repair in
high-volume hospitals have nearly half the mortality of
those undergoing repair in low-volume hospitals.27-29 In
addition, this volume-outcome relationship has also
been demonstrated with EVAR, with centers performing
fewer than eight EVARs annually having significantly
greater mortality compared with their counterparts.30

Within this context, the operative morbidity and mortality
of a repair of a small AAA at a low-volume aortic hospital
cannot be neglected.
Given the variation at both the hospital and physician

level in the management of AAAs within the state, we
have taken an active role to improve the quality and
consistency of patient care for aortic disease. As such,
all physicians within the BMC2 VIC who performed a
repair of a small AAA were provided active feedback on
their percentage of guideline deviation on aneurysm
diameter in elective AAA patients compared with the
statewide mean of other vascular surgeons. The purpose
of this review is not punitive but rather to serve as a plat-
form to recognize common guideline deviations in
hopes of decreasing variation from guideline practice
and thereby improving care for aneurysmal disease.
Although this study provides insight into the manage-

ment of small AAAs, there are limitations that include
its observational, retrospective nature. Given that our sur-
vey response rate was 44%, it is possible that there was a
selection bias for return, and as such we may not have
adequately captured the full variation in practice.
However, multiple surveys were returned from each
participating hospital, and there was no correlation
seen between hospital response rate and outlier
status. Previous investigations have hypothesized that
varying reimbursement models may be a financially
based driving factor behind selection of patients.9 Unfor-
tunately, we are unable to link specific surgeons to prac-
tice patterns in the management of small AAAs because
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of the BMC2 VIC data use agreement. As such, we are un-
able to evaluate the effect of physician payment or reim-
bursement on the rate of small AAA repair. Finally, the
results may not be generalizable outside of the state of
Michigan because of the differences in hospital charac-
teristics, surgical practice, or access to relevant resources.
However, the mix of academic, private, and community
hospitals within this study represents the pragmatic,
real-world experience.

CONCLUSIONS
The repair of AAAs at diameters below current

threshold guidelines remains prominent in a statewide
cardiovascular consortium, and wide variation in the
elective management of small AAAs exists across hospi-
tal systems. Although the physician’s rationale for early
intervention is often guided by the patient’s preferences
and anatomic considerations, physicians’ practice pat-
terns that deviate from established guidelines remain
prevalent. As such, continual feedback and monitoring
of appropriate AAA repair criteria remain important to
provide high-quality care to vascular patients.
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