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Abstract
Background—Perioperative mortality is reported after abdominal aortic aneurysm (AAA)
repair, but there is no agreed upon standard definition. Often, thirty-day mortality is reported
because in-hospital mortality may be biased in favor of endovascular repair given the shorter
length of stay. However, the duration of increased risk of death following aneurysm repair is
unknown.

Study Design—We used propensity score modeling to create matched cohorts of US Medicare
beneficiaries undergoing endovascular (n=22,830) and open (n=22,830) AAA repair from 2001–
2004. We calculated perioperative mortality using several definitions including in-hospital, 30
day, and combined 30 day and in-hospital mortality. We determined the relative risk (RR) of death
after open compared to endovascular repair as well as the absolute mortality difference. To define
the duration of increased risk we calculated bi-weekly interval death rates for 12 months.

Results—In-hospital, 30 day, and combined 30 day and in-hospital mortality for open and
endovascular repair were 4.6% vs. 1.1%, 4.8% vs. 1.6%, and 5.3% vs. 1.7% respectively. The
absolute differences in mortality were similar at 3.5%, 3.2%, and 3.7%. The RR of death [95%
confidence interval] was 4.2 [3.6–4.8], 3.1 [2.7–3.4], and 3.2 [2.8–3.5]. Bi-weekly interval death
rates were highest during the first month after endovascular repair (0.6%), and during the first 2.5
months (0.5–2.1%) after open repair. After 2.5 months, rates were similar for both repairs (<0.5%)
and stabilized after 3 months. The 90 day mortality for open and endovascular repair was 7.0%
and 3.2% respectively.

Conclusions—In-hospital mortality comparisons overestimate the benefit of endovascular
repair compared to 30 day or combined 30 day and in-hospital mortality. The total mortality
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impact of AAA repair is not realized until 3 months after repair and the duration of highest
mortality risk extends longer for open repair.

Introduction
The “risk” of endovascular aneurysm repair (EVAR) or open surgical abdominal aortic
aneurysm (AAA) repair may be defined in several ways. Typically perioperative mortality is
the primary outcome reported. However, this may be defined as death during the initial
hospitalization, within 30 days of surgery, or the union of the two – all deaths within 30 days
plus any deaths beyond 30 days that occur prior to discharge from the hospital.
Administrative datasets typically report only in-hospital mortality because many lack
comprehensive follow-up data [1,2]. Registry studies and some clinical trials typically only
report 30 day mortality, whereas other clinical trials and single center studies report the
combined 30 day and in-hospital mortality [3,4]. This lack of uniformity hampers
comparison of studies. Moreover, since length of stay is shorter after EVAR, measurement
limited to in-hospital mortality may result in findings that are biased in favor of EVAR. As
EVAR is being increasingly utilized to repair AAA, combined 30 day and in-hospital
mortality may be a more appropriate measure of perioperative mortality.

Additionally, it is currently unknown to what extent any ongoing “risk” due to surgery
persists beyond 30 days or hospital discharge and whether the duration of elevated risk is
similar for EVAR and open repair. Such information would be useful to both patients and
physicians in their decision making process. To address these issues and more accurately
describe perioperative risk we determined mortality at a variety of time points after EVAR
and open AAA repair in a matched comprehensive sample of US Medicare patients.

Methods
Patients

Medicare patients undergoing intact AAA repair during 2001–2004 were identified from
Medicare Part A files. We required 2 years of Medicare enrollment prior to the AAA repair
to allow for assignment of preoperative comorbidity based on prior inpatient and outpatient
claims. We identified all patients age 67 or greater with a diagnosis of intact AAA (ICD-9
441.4) and a procedure code for open surgical AAA repair (38.44, 38.25) or EVAR (39.71).
We excluded those with a diagnosis of AAA rupture (441.3), aortic dissection (441.0*),
thoracic or thoracoabdominal aneurysm (441.1, 441.2, 441.6, 441.7), or unspecified aortic
aneurysm (441.5, 441.9); and those with procedure codes for repair of the thoracic aorta
(38.35, 38.45, 39.73), visceral/renal bypass (38.46, 39.24, 39.36; or CPT 35531, 35560,
35631), or thoracoabdominal or suprarenal AAA repair (33877, 35091, 35092). We required
participation in both Medicare Part A and B and excluded those enrolled in health
maintenance organizations because their claims data are not available. Procedures were
classified as EVAR or open repair based on both physician and hospital claims. In those
instances where physician and hospital claims differed (<5.5%), we assigned patients based
on physician claims as we felt this would be more accurate.

Creating Matched Cohorts
We created matched cohorts of patients to control for the nonrandom assignment of patients
to one of the two procedural groups. Logistic-regression models were used to predict the
likelihood of EVAR (the propensity score). We used all available demographic and clinical
characteristics for beneficiaries at baseline as explanatory variables. These data were
obtained from claims during the 2-year period before the repair was performed, not
including the index admission. We measured the rates of coexisting conditions using a
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version of the Elixhauser algorithm that was adapted to also include diagnoses made in the
outpatient setting [5]. We matched each beneficiary who underwent EVAR to the
beneficiary who underwent open repair with the closest estimated propensity score. To
ensure close matches we required that the estimated logs-odds scores for endovascular repair
of a patient who underwent endovascular repair and one who underwent open repair be
within 0.60 SD of one another. This requirement ensures the removal of approximately 90%
of the bias in estimates of effects due to differences in covariate distributions between the
endovascular repair group and the open repair group [6,7]. The algorithm and cohort have
been described in detail previously [8–11].

Mortality
Date of death was determined using the Medicare denominator file and is complete through
2008. In-hospital mortality was defined as death during the initial hospitalization at the
institution in which the AAA repair occurred (i.e. does not include death after transfer to a
second acute care facility). Thirty-day mortality was defined as death within 30 days of
AAA repair based on the date of surgery from Part A claims and date of death from the
denominator file. The final definition of perioperative mortality included death either within
30 days of surgery or within the initial hospitalization (i.e. for hospitalizations that lasted >
30 days).

To determine whether the increased risk of death due to surgery persisted beyond the
perioperative period, we also plotted mortality out to 1 year. We calculated and plotted bi-
weekly interval death rates – the proportion of the surviving cohort that died within each 2
week interval. This allowed us to determine when the interval death rate decreased to a
stable rate representing the end of the period of increased risk of death due to the surgical
procedure.

We determined the absolute mortality difference between open repair and EVAR for the
entire group as well as within age groups. We calculated the relative risk (RR) of death for
open surgery compared to EVAR and associated 95% confidence interval (CI) for each of
the definitions of perioperative mortality. Survival was compared using a log-rank test. The
p-value was determined using a chi-square distribution with the appropriate degrees of
freedom. P<0.05 was considered significant. We did this for the group overall and after
stratifying by age. We modeled survival conditional on age and performed a pooled analysis
as our matched pairs are sample induced clusters as opposed to true clusters. Mortality rates
were compared over time and by age group. The institutional review board at Harvard
Medical School determined that this study was exempt from review.

Results
We identified 61,598 patients undergoing repair of intact AAA from 2001–2004. Prior to
propensity matching, patients who underwent endovascular repair were older and sicker than
patients who underwent open repair. Table 1 includes the demographic and comorbidity
characteristics of the pre- and post-propensity matched patients. After propensity score
matching there were 45,660 patients (22,830 EVAR and 22,830 open).

In-hospital mortality was 4.6% vs. 1.1% (p<0.001) for open repair and EVAR respectively
(Table 1). Thirty day mortality was 4.8% vs. 1.6% (p<0.001), and combined in-hospital and
30 day mortality was 5.3% vs. 1.7% (p<0.001). EVAR mortality was significantly less than
open repair mortality using all definitions. The absolute difference in mortality between
open repair and EVAR remained relatively constant between the 3 definitions (3.5%, 3.2%,
and 3.7% respectively). The absolute difference in mortality between open and EVAR was
greatest between 2–4 months and then slowly declined over time. This is seen in the plot of
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early survival after EVAR and open AAA repair (Figure 1) as well as more directly in the
plot of the absolute mortality difference between EVAR and open repair over time (Figure
2a).

The relative risk of mortality with open repair versus EVAR was higher using in-hospital
mortality (RR 4.2, 95% CI 3.6–4.8) compared to 30 day mortality (RR 3.1, 95% CI 2.7–3.4)
or combined 30 day and in-hospital mortality (RR 3.2, 95% CI 2.8–3.5). The relative risk
then gradually declined over time as follow-up was extended, to a RR of 2.2 at 90 days and
1.8 at 6 months (Figure 2b).

The absolute difference in mortality between the two methods increased with age from
approximately 2% for those age 67–69, to over 8% for those age > 85, but did not vary
markedly by definition of perioperative mortality (Table 2). The RR of open repair vs.
EVAR also was consistent across all age groups at each defined time point for each measure
of mortality.

Bi-weekly interval death rates peaked at 1 month for both EVAR and open repair (Figure 3).
After EVAR, the interval death rate dropped below 0.5% at 1.5 months whereas rates
remained high (above 0.5%) after open repair for 2.5 months. After 2.5 months, interval
death rates were similar for EVAR and open repair. The interval death rates continued to
decline until approximately 3 months for EVAR and open repair after which they appeared
to stabilize. The curve suggests that the highest risk of death due to AAA repair persists for
1.5 months after EVAR and 2.5 months after open repair and that the risk in the
perioperative period would be underestimated using the conventional definitions used in
most current reports. The total period of elevated risk extends beyond 30 days and persists
for approximately 3 months after both EVAR and open AAA repair.

Discussion
In this study we compared commonly used definitions of perioperative mortality to see if the
definition used could influence the findings of studies or impressions about the benefits of
particular procedures. Our study has two notable findings that could influence the design of
future comparative effectiveness studies of AAA repair, and if confirmed, of other surgical
procedures. First, the perioperative mortality benefit of EVAR is confirmed using all
common definitions of perioperative mortality and this finding is not sensitive to the
definition of perioperative mortality used. The use of in-hospital mortality, however,
overestimates the relative benefit of EVAR compared to the measures that include post-
discharge follow-up. Second, our data suggest that none of the commonly used measures
fully captures the excess surgical mortality associated with the perioperative period. The
excess risk associated with open surgery does not appear to decline to the baseline trend
until approximately 3 months. Thus, routine inclusion of three-month follow-up data will
likely provide a more accurate picture of the results of interventions.

Comparative effectiveness studies of EVAR vs. open repair are commonly reported using
one or more of the definitions we evaluated. Randomized trials have used 30 day as well as
30 day plus in-hospital mortality. The DREAM trial (n=345) found lower 30 day mortality
with EVAR compared to open repair (1.2% vs. 4.6%) which did not reach statistical
significance (p=0.10). The odds ratio (OR) was 3.9% (95% CI: 0.9–32.9) [12]. The EVAR 1
trial (n=1047) found significantly lower mortality with EVAR at both 30 days (1.7% vs.
4.7%, p=0.016, OR: 2.86 [95% CI: 1.21–5.88]) and for 30 day and in-hospital mortality
(2.1% vs. 6.2%, p=0.0001, OR: 3.12 [95% CI: 1.61–7.14]) [13]. The recently published
OVER trial (n=881) found significantly lower mortality with EVAR both at 30 days (0.2%
vs. 2.3%, p=0.006, OR: 10.4 [95% CI: 1.32–81.4]) and within 30 days or in-hospital (0.5%
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vs. 3.0%, p=0.004, OR: 6.78 [95% CI: 1.52–30.2]) [14]. None of these studies, however,
reported data at the three month mark, which might be a more accurate representation of the
perioperative differences.

The use of different measures of perioperative mortality has implications for both clinicians
and patients as they make decisions about AAA repair as well as researchers comparing the
effectiveness of different treatments. When clinicians discuss the options available to
patients, they need to counsel the patient that perioperative risk extends beyond discharge
from the hospital and even beyond 30 days from the operative procedure. In addition,
patients will be most interested in the absolute risk level that can be expected over time.
Because most population based studies using administrative data have used in-hospital
mortality they will tend to overestimate the perioperative benefit of EVAR according to our
data [2,15–17]. This same problem might also be present for other surgical procedures or
interventions that do not require several days in the hospital for recovery. In contrast,
registries such as the National Surgical Quality Improvement Program (NSQIP) and the
SVS Lifeline registry have reported 30 day mortality [18,19]. Thus, the results of these
studies are not directly comparable. This is particularly important when comparing results of
studies that used different definitions or when additional analyses such as meta-analyses are
performed [20]. While the combined 30 day plus in-hospital mortality addresses these issues
in part, even this definition does not capture the full period of “operative risk” associated
with the surgical procedures.

Very few studies have reported 90 day mortality [21,22]. To our knowledge, this is the first
report to investigate the duration of elevated mortality risk after intact AAA repair. We
estimate the period of high mortality risk after both open repair and EVAR and demonstrate
the greater period of high mortality risk with both the plot of bi-weekly interval death rates
as well as the plot of absolute mortality differences. While it may be preferable to use a
longer time frame (e.g. 90 days) for perioperative mortality comparisons, one must also
acknowledge that in these elderly patients there are competing risks of mortality from co-
existing disease, highlighting the importance of using adequate control groups in study
design. This is demonstrated by the ultimate (after 90 days) baseline bi-weekly death rate of
0.2 to 0.4% after both repair types.

Our analyses are subject to several limitations. First, as noted previously, this is not a
randomized trial, rather a retrospective analysis using administrative data. It is therefore
subject to coding errors. However, inclusion of Part B data from physician billing minimizes
this substantially, and it is unlikely that the current analyses with respect to definitions of
preoperative mortality would be biased in one way or the other. Additionally, the use of 2
years of prior claims helps distinguish pre-existing conditions from complications of
surgery. The use of very large numbers of patients with propensity score matching
overcomes much of potential selection bias. We do not have information regarding anatomy
or prior laparotomy, both of which may influence the choice of repair method. However,
despite this, our results are qualitatively and to a large extent quantitatively consistent with
the randomized trials.

In summary, the absolute benefit of EVAR vs. open AAA repair in perioperative mortality is
demonstrated with all common metrics. However, the relative benefit of EVAR is
overestimated with in-hospital mortality compared to 30 day or combined 30 day plus in-
hospital. The true period of perioperative risk persists for at least 3 months after EVAR and
open repair.
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Abbreviations/Acronyms

AAA abdominal aortic aneurysm

CI confidence interval

EVAR endovascular aortic aneurysm repair

NSQIP National Surgical Quality Improvement Program

OR odds ratio

RR relative risk

SVS Society for Vascular Surgery
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Figure 1.
Survival through 1 year in US Medicare beneficiaries undergoing open and endovascular
abdominal aortic aneurysm repair from 2001 to 2004.
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Figure 2.
(A) Absolute mortality differences during follow-up between open versus endovascular
abdominal aortic aneurysm repair. (B) Relative risk of death after open versus endovascular
abdominal aortic aneurysm repair in United States Medicare beneficiaries undergoing
abdominal aortic aneurysm repair from 2001 to 2004.
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Figure 3.
Deaths occurring within bi-weekly intervals after open and endovascular abdominal aortic
aneurysm repair in US Medicare beneficiaries undergoing abdominal aortic aneurysm repair
from 2001 to 2004.
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