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• 5.5 cm threshold males, 5.0 cm females (fusiform anatomy)
• OSR annual volume 10 cases < 5% mortality
• EVAR annual volume 10 case < 2% mortality
• No role for statin to decrease AAA growth rate
• Treat expanding type II and all type I and III endoleaks
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ABSTRACT
Background: Decision-making related to the care of patients with an abdominal aortic aneurysm (AAA) is complex.
Aneurysms present with varying risks of rupture, and patient-specific factors influence anticipated life expectancy,
operative risk, and need to intervene. Careful attention to the choice of operative strategy along with optimal treatment
of medical comorbidities is critical to achieving excellent outcomes. Moreover, appropriate postoperative surveillance is
necessary to minimize subsequent aneurysm-related death or morbidity.

Methods: The committee made specific practice recommendations using the Grading of Recommendations Assessment,
Development, and Evaluation system. Three systematic reviews were conducted to support this guideline. Two focused on
evaluating the best modalities and optimal frequency for surveillance after endovascular aneurysm repair (EVAR). A third
focused on identifying the best available evidence on the diagnosis and management of AAA. Specific areas of focus
included (1) general approach to the patient, (2) treatment of the patient with an AAA, (3) anesthetic considerations and
perioperative management, (4) postoperative and long-term management, and (5) cost and economic considerations.

Results: Along with providing guidance regarding the management of patients throughout the continuum of care, we
have revised a number of prior recommendations and addressed a number of newareas of significance. New guidelines are
provided for the surveillanceofpatientswith anAAA, including recommended surveillance imaging at 12-month intervals for
patientswith anAAAof 4.0 to 4.9 cm indiameter.We recommendendovascular repair as thepreferredmethodof treatment
for ruptured aneurysms. Incorporating knowledge gained through the Vascular Quality Initiative and other regional quality
collaboratives, we suggest that the Vascular Quality Initiative mortality risk score be used for mutual decision-making with
patients considering aneurysm repair. We also suggest that elective EVAR be limited to hospitals with a documented
mortality and conversion rate to open surgical repair of 2%or less and that performat least 10 EVAR cases each year. We also
suggest that elective open aneurysm repair be limited to hospitals with a documented mortality of 5% or less and that
perform at least 10 open aortic operations of any type each year. To encourage the development of effective systems of care
that would lead to improved outcomes for those patients undergoing emergent repair, we suggest a door-to-intervention
time of <90 minutes, based on a framework of 30-30-30 minutes, for the management of the patient with a ruptured
aneurysm.We recommend treatment of type I and III endoleaks aswell as of type II endoleakswith aneurysmexpansion but
recommend continued surveillance of type II endoleaks not associated with aneurysm expansion. Whereas antibiotic pro-
phylaxis is recommended for patients with an aortic prosthesis before any dental procedure involving the manipulation of
the gingival or periapical region of teeth or perforation of the oralmucosa, antibiotic prophylaxis is not recommendedbefore
respiratory tract procedures, gastrointestinal or genitourinary procedures, and dermatologic ormusculoskeletal procedures
unless the potential for infection exists or the patient is immunocompromised. Increased utilization of color duplex ultra-
sound is suggested for postoperative surveillance after EVAR in the absence of endoleak or aneurysm expansion.
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N = 6
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0.459 (0.362, 0.542)

Results — 30-day and 5-year

Volume < 6 Volume ≥ 6 p

N (11,086) 4,429 6,657
30-d Mortality (%) 7.0±0.4 3.6±0.2 <0.001
LOS (d) 13.6±0.2 9.9±0.2 <0.0001
Readmit (%) 2.3±0.2 1.9±0.2 NS
Cox Adjusted Hazard Ratio for 30-d Mortality 0.459±0.08 <0.0001

Volume < 6 Volume ≥ 6 p

N (11,086) 4,429 6,657
5-yr Mortality (%) 29.8±0.7 26.3±0.5 <0.001
Cox Adjusted Hazard Ratio for 5-yr Mortality 0.201±0.06 <0.0001

(P < .001), representing a 32.5% relative risk reduction
(number needed to treat [NNT], 22.7). The 30-day all-
cause mortality was 3.5% (range, 2.9%-4.1%) for the cen-
ters within the guidelines and 6.9% (range, 6.1%-7.8%) for
those not within the guidelines (P < .001; Table II). The
survival curves for combinations of a hospital volume of
$10 or <10 and established hospital 30-day mortality of
#5% or >5 are shown in Fig 1. At the centers that met the
guidelines, the rate of pulmonary failure was lower
(P ¼ .004). However, no significant differences were
found in respiratory-related deaths (P ¼ .686). The inci-
dence of other postoperative complications did not
differ between the groups.

Relationship of hospital volume to surgeon volume. A
higher average surgeon volume was identified for pro-
cedures performed at centers that had met the 2018

SVS guidelines, raising concerns for confounding be-
tween the center and surgeon volumes. The correlation
between the average surgeon and center volumes for
open aortic surgery in the SPARCS database is shown
in Fig 2 (r ¼ 0.305; P < .001).

Effect of individual variables. Three independent vari-
ables (ie, center volume of $10, established hospital 30-
day mortality of #5%, and surgeon volume of at least
seven procedures) were used to divide the cohort into
three sets of two groups. Each variable was tested for its
independent effect on the outcomes relative to the other
variables. Centers with an average yearly volume of $10
had performed elective open AAA repairs on younger
patients (P ¼ .029), more white patients (P < .001), pa-
tients with higher rates of comorbidities (Supplementary
Table III, online only). Centers with an established hos-
pital 30-day mortality rate of #5% had operated more
often on male patients (P < .001) and patients with lower
rates of smoking (P < .001), arrhythmia (P ¼ .028), chronic
obstructive pulmonary disease (P < .001), diabetes
(P ¼ .044), and myocardial infarction (P ¼ .028) but
higher CCIs (P < .001). Surgeons with an average yearly
volume of at least seven procedures had performed re-
pairs on older patients (P < .001) and patients with higher
rates of chronic obstructive pulmonary disease (P ¼ .012),
dyslipidemia (P < .001), coronary artery bypass grafting
(P < .001), hypertension (P < .001), and myocardial
infarction (P ¼ .002) but lower rates of arrhythmia
(P ¼ .046), chronic kidney disease (P ¼ .003), and
congestive heart failure (P ¼ .003) and lower CCIs
(P ¼ .002; Supplementary Table III, online only).
A forest plot of this analysis is shown in Fig 3. The 1-year

mortality hazard ratio for surgeon volume of $7, hospital
volume of $10, and hospital established 30-day mortality
of #5% was 0.80 (95% confidence interval [CI], 0.70-0.93;
P ¼ .003), 0.91 (95% CI, 0.77-1.08; P ¼ .298), and 0.72 (95%
CI, 0.62-0.82; P < .001), respectively. The 1-year mortality
rate was 10.7% (range, 9.9%-11.5%) for the high-volume
hospitals and 13.7% (range, 11.9%-15.7%) for the low-
volume hospitals (P ¼ .298). A total of 22 centers had per-
formed $10 open abdominal aortic surgeries every year.
The 1-year survival rate for these centers was 91%
compared with 88% for all other centers (P ¼ .1). Hospi-
tals with an established perioperative mortality rate of
#5% and >5% demonstrated a 1-year mortality rate of
9.7% (range, 8.9%-10.6%) and 13.8% (range, 12.6%-15.2%),
respectively (P < .001), representing a 29.6% relative risk
reduction (NNT, 24.4). The 1-year mortality rate was 9.7%
(range, 8.8%-10.7%) for the high-volume surgeons and
12.8% (range, 11.7%-13.9%) for the low-volume surgeons
(P ¼ .003), a 23.8% relative risk reduction (NNT, 32.9),
with a similar trend seen for the 30-day mortality rate.
Seven surgeons had performed at least seven open

Fig 1. A, Kaplan-Meier curves for the various combinations
of average yearly hospital volume for any open aortic
procedure of $10 or <10 and 3-year prior hospital 30-day
mortality of #5% or >5%, including the current Society
for Vascular Surgery (SVS) guidelines (green). B, Kaplan-
Meier curves for the various combinations of average
yearly surgeon volume of at least seven or fewer than
seven for any open aortic procedure and 3-year prior
hospital 30-day mortality of #5% or >5%.
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abdominal aortic surgeries each year. They were respon-
sible for 15% of the open AAA repairs, with a 1-year sur-
vival rate of 92% compared with 88% for all other
surgeons (P ¼ .004).
All three variables were independently associated with

a difference in 1-year cardiovascular-specific mortality
(Supplementary Table IV, online only). No differences in
the postoperative complication rates between the low-
and high-volume hospitals were identified. The proced-
ures performed at centers with an established
perioperative mortality rate of #5% were associated
with lower rates of pulmonary failure (P ¼ .01) and acute
renal failure (P ¼ .036). High-volume surgeons were asso-
ciated with lower rates of abdominal abscess (P < .001),
pulmonary failure (P < .001), acute renal failure
(P < .001), and hemorrhage (P < .001; Supplementary
Table IV, online only). No differences in outcomes were
found when open mesenteric bypass cases were
removed from the volume calculation.

Surgeon volume and established center perioperative
mortality. With the results of the mixed effects multivar-
iate Cox proportional hazards analysis, the cohort was
again divided into two groups, with an average surgeon
volume of at least seven procedures exchanged for the
hospital volume in the SVS guidelines. A total of 2525
procedures were performed by surgeons with a volume
of at least seven and at centers with an established peri-
operative mortality rate of #5%. A total of 5069 proced-
ures did not meet these new criteria. The high-volume

surgeon, low mortality center procedures were per-
formed on older patients (P ¼ .040) with generally lower
rates of comorbidities (Supplementary Table II, online
only).
Improved all-cause mortality was associated with this

grouping approach. The 1-year mortality rate was 8.4%
(range, 7.4%-9.6%) for the procedures that met these
new criteria and 12.6% (range, 11.7%-13.6%) for the other
cases (P < .001), representing a 33.2% relative risk reduc-
tion (NNT, 23.9; Table III). Similar improvements were
seen in 30-day mortality (P < .001), cardiovascular-
specific 1-year mortality (P < .001), postoperative abdom-
inal abscess (P ¼ .012), pulmonary failure (P < .001), and
hemorrhage (P < .001) rates (Table III). Survival curves
are shown in Fig 1 for the varying combinations of an
average surgeon volume of at least seven procedures or
fewer than seven procedures and an established hospital
30-day mortality of #5% or >5%.

DISCUSSION
Elective open AAA repair procedures are becoming

infrequent in the endovascular era. Thus, it is critical to
understand the relationship between volume and out-
comes and leverage this knowledge to improve patient
outcomes. In the present study, we attempted to bring
previous theoretical volumeeoutcome work into the
practical sphere by directly evaluating current guidelines.
These data showed a positive correlation between the
2018 SVS AAA hospital volume guidelines and outcomes
for elective open AAA procedures within the SPARCS
dataset.
The confounding by surgeon volume is a major consid-

eration when studying the effects of hospital volume on
the outcomes. Whether the surgeon volume or hospital
volume better predicts outcomes has been disputed,6-8

with some having found evidence of both.3,4,15 An anal-
ysis of the Nationwide Inpatient Sample with >128,000
patients linked increased mortality to hospitals with an
annual open aortic repair volume of fewer than five pro-
cedures when surgeon volume was considered.3 Using
literature or SVS cutoffs, we attempted to identify any
confounding between hospital and surgeon volume in
the present study. Confounding by surgeon volume
was found in the analysis of the guidelines; therefore,
the center volume was replaced by surgeon volume for
a follow-up analysis. Elective open AAA procedures
were associated with superior outcomes when per-
formed by surgeons with a yearly average volume of
open aortic operations of at least seven and performed
at centers with an established open AAA repair 30-day
mortality rate of #5%.
The SVS guidelines have two components: (1) an annual

center volume of$10 open aortic procedures of any type;
and (2) a documented perioperative mortality rate of

Fig 2. Scatter plot depicting the association between
average yearly surgeon and average yearly center volume
for open aortic surgery in the Statewide Planning and
Research Cooperative System (SPARCS) database (r ¼
.305; P < .001).
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EVAR Analysis

• Surgeon volume cutoff = 6
• Hospital volume cutoff = 10
• High volume more likely to be 

academic sites and higher co-
morbidities

3-year survival rates and lower cumulative charges
for EVAR procedures (81.1% vs. 80.6%, NS and
$81,000 vs. $107,000, P< 0.001). High-volume hos-
pitals also had similar 3-year survival rates and lower
cumulative charges (80.9% vs. 80.9%, NS and
$86,000 vs. $100,000, P < 0.001). High-volume sur-
geons and hospitals provided superior 3-year value
(6.2 year/$100k vs. 4.6 year/$100k, P < 0.001 and
6.0 year/$100k vs. 4.9 year/$100k, P < 0.001).

An analysis of EVAR after propensity matching
showed that high-volume providers had similar
3-year survival rates and lower cumulative charges
for EVAR procedures (80.5% vs. 80.6%, NS and
$84,000 vs. $107,000, P < 0.001). High- and low-
volume hospitals had comparable 3-year survival
rates and lower cumulative charges (79.8% vs.
80.9%, NS and $87,000 vs. $100,000, P < 0.001).
High-volume surgeons and high-volume hospitals
provided superior 3-year value (6.1 year/$100k
vs. 4.6 year/$100k, P < 0.001 and 6.0 year/$100k
vs. 4.9 year/$100k, P < 0.001).

An analysis of 30-day value and charges for the
EVAR group yielded similar results to the 3-year
data, before and after propensity matching. Both
high-volume surgeons and hospitals had
improved 30-day value, equivocal 30-day sur-
vival, and lower 30-day cumulative charges.

Readmission and complication rates were not
clinically significantly different in the EVAR
group.

An analysis of 3-year value for only the patients
surviving beyond 30 days is included in Tables V
and VI for both OSR and EVAR. High-volume
surgeons performing OSR and EVAR still demon-
strated superior 3-year value even when the
patients who died within 30 days of their index
procedure were removed from the data set, before
and after matching (P < 0.001). However, when
these patients were removed from the data set,
low-volume hospitals appears to have slightly better
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Fig. 3. Distribution of (A) annual hospital case volumes
and (B) annual surgeon case volumes for OSR and
EVAR.
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Fig. 4. A total number of AAA repairs that were per-
formed in NYS over the study period, stratified by OSR
and EVAR.
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Fig. 1. Median annual hospital case volumes of AAA
repair over time, stratified by OSR and EVAR.
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Fig. 2. Median annual surgeon case volumes of AAA
repair over time, stratified by OSR and EVAR.
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Table IV. Means and results of statistical analysis of the test variables, before and after propensity score matching, for EVAR

Matched Unmatched

EVAR Provider volume Hospital volume Provider volume Hospital volume

Outcome High Low P High Low P High Low P High Low P

N 5,387 5,387 4,952 4,952 8,817 5,642 8,673 5,786
3-year value (year/$100k) 6.1 ± 0.1 4.6 ± 0.1 <0.001 6.0 ± 0.1 4.9 ± 0.1 <0.001 6.2 ± 0.1 4.6 ± 0.1 <0.001 6.0 ± 0.1 4.9 ± 0.1 <0.001
3-year survival (%) 80.5 ± 0.5 80.6 ± 0.5 NS 79.8 ± 0.6 80.9 ± 0.6 NS 81.1 ± 0.5 80.6 ± 0.5 NS 80.9 ± 0.4 80.9 ± 0.5 NS
30-day value (day/$100k) 67.7 ± 1.6 52.5 ± 0.8 <0.001 66.9 ± 1.6 54.1 ± 1.3 <0.001 68.8 ± 1.3 52.5 ± 0.8 <0.001 67.7 ± 1.2 54.6 ± 1.3 <0.001
30-day survival (%) 98.1 ± 0.2 98.1 ± 0.2 NS 98.0 ± 0.2 98.3 ± 0.2 NS 98.4 ± 0.1 98.1 ± 0.2 NS 98.3 ± 0.1 98.2 ± 0.2 NS
Index repair charges
($10k)

5.4 ± 0.8 6.8 ± 0.9 <0.001 5.6 ± 0.9 6.5 ± 0.9 <0.001 5.2 ± 0.5 6.9 ± 0.9 <0.001 5.5 ± 0.6 6.4 ± 0.8 <0.001

30-day cumulative
charges ($10k)

7.2 ± 0.1 9.0 ± 0.1 <0.001 7.5 ± 0.1 8.7 ± 0.1 <0.001 7.1 ± 0.1 9.1 ± 0.1 <0.001 7.4 ± 0.1 8.6 ± 0.1 <0.001

3-year cumulative
charges ($10k)

8.4 ± 0.2 10.7 ± 0.2 <0.001 8.7 ± 0.2 10.0 ± 0.2 <0.001 8.1 ± 0.1 10.7 ± 0.2 <0.001 8.6 ± 0.1 10.0 ± 0.2 <0.001

30-day readmissions (%) 2.7 ± 0.2 2.7 ± 0.2 NS 2.6 ± 0.2 2.4 ± 0.2 NS 2.7 ± 0.2 2.9 ± 0.2 NS 2.9 ± 0.2 2.5 ± 0.2 NS
3-year complications (%) 9.3 ± 0.4 8.8 ± 0.4 NS 8.9 ± 0.4 7.3 ± 0.4 0.001 8.8 ± 0.3 8.6 ± 0.4 NS 9.6 ± 0.3 7.5 ± 0.3 <0.001

The test variable ‘‘3-year value’’ was measured in life years per $100,000 spent (years/$100k). The test variable ‘‘30-day value’’ was measured in days per $100,000 spent (day/$100k).

Cumulative charges are the average charges for all aneurysm-related inpatient charges for each patient.
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Need for Functional Imaging Summary

• Surgeon and hospital volumes correlate with OSR but may not 
for EVAR
– OSR surgeon volume = 6, center = 10

• Suggests greater role for regionalization of open aortic care
• Need for improved care process and support for low volume 

critical access sites
• ? Flaws of diameter based operative indication
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