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Abstract
Objective—To examine the modern epidemiology of abdominal aortic aneurysm (AAA) rupture
and short-term AAA-related mortality after the introduction of endovascular aneurysm repair
(EVAR).

Background—Prior epidemiologic studies have demonstrated stable rates of AAA repair, repair
mortality, and AAA rupture. Recently, EVAR has been introduced as a less invasive treatment
method and its use has expanded to over 75% of elective AAA repairs.

Methods—We identified Medicare beneficiaries undergoing AAA repair and those hospitalized
with a ruptured AAA during the period 1995–2008 and calculated standardized annual rates of
AAA-related deaths due to either elective repair or rupture.

Results—338,278 patients underwent intact AAA repair over the study period. There were
69,653 patients with AAA rupture of whom 47,524 underwent repair. Intact repair rates increased
substantially in those over age 80 (57.7 to 92.3 per 100,000, P<0.001), but decreased in those aged
65–74 (81.8 to 68.9, P<0.001). A decline in ruptures with and without repair was seen in all age
groups. By 2008, 77% of all intact repairs and 31% of all rupture repairs were performed with
EVAR (P<0.001). Operative mortality declined over the study period for both intact (4.9% to
2.4%, P<0.001) and ruptured (44.1% to 36.3%, P<0.001) AAA repair. Short-term AAA-related
deaths decreased by more than half (26.1 to 12.1 per 100,000, P<0.001) with the greatest decline
occurring in those over age 80 (53.7 to 27.3, P<0.001).

Conclusions—A recent decline in AAA rupture and short-term AAA-related mortality is
demonstrated and likely related in part to the introduction and expansion of EVAR. This is due to
decreased deaths from ruptures (with and without repair) and decreased mortality with intact
repairs, particularly in patients over age 80.
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Introduction
Elective abdominal aortic aneurysm (AAA) repair is undertaken in order to prevent future
rupture with its accompanying high mortality rate.1,2 Minimally invasive endovascular AAA
repair (EVAR), FDA approved in 1999, has lower perioperative mortality and morbidity
compared to open surgical repair in 3 randomized trials 3–5 and the US Medicare
population.6 Most elective AAA repairs in the US are now performed using EVAR.7,8 The
introduction of EVAR has changed the risks and benefits of elective aneurysm repair as it
now may be offered to patients considered too high risk for traditional open repair.7

Moreover, because of increased rates of advanced abdominal imaging,9,10 more AAAs are
being detected incidentally than in the past. Thus, the introduction of EVAR combined with
increased detection may be responsible for an increasing number of intact AAA repairs in
the US, which should ultimately result in lower mortality from AAA rupture.

There has been concern, however, that EVAR may not be as effective in preventing late
rupture leading to potentially increased late mortality after repair.11 Additionally, the benefit
of a prophylactic procedure in the most elderly patients is unproven because many of these
patients will soon die from competing causes. Consequently, the population level acute
mortality impact of this increase in elective repairs following the introduction of EVAR is
unknown. To understand the impact of these trends on a population level, we analyzed data
on elective AAA repair and AAA rupture between 1995 and 2008 within the US Medicare
population, which accounts for over 70% of elective repairs and most deaths. We
hypothesized that increased rates of detection and elective repair along with the introduction
and increasing use of EVAR would be associated with decreased short-term AAA-related
mortality over time.

Methods
Study Population

We identified all traditional Medicare beneficiaries undergoing repair of intact AAA as well
as those hospitalized with a diagnosis of ruptured AAA during the period 1995–2008 using
administrative data from the Medicare program. We used the time period of 1995–2008
because this allowed us to investigate AAA repair and rupture rates beginning several years
prior to FDA approval of EVAR. Those enrolled in Medicare Advantage health plans were
excluded from both the study population and the population estimates because claims data
are not available for these enrollees. Patients were categorized based on hospitalizations
with a diagnosis of intact (ICD-9-CM code 441.4) or ruptured (ICD-9-CM code 441.3)
AAA. For intact AAA, we only included those who had either EVAR (39.71) or open repair
(38.44 or 39.25) during the same admission because the presence of a diagnostic code
without an accompanying procedure might not indicate a clinically relevant AAA. Rupture
patients were only included in the analysis if a diagnosis code for AAA rupture was their
primary diagnosis as this is likely the reason for their index admission. Patients with
diagnosis codes for AAA rupture in other diagnosis fields (fields other than the primary
field) were excluded as these might be miss-coded or indicate a history of AAA rupture not
relevant to the index admission. Rupture patients were further divided into those undergoing
repair (EVAR or open) or no repair. The ICD-9 code for endovascular repair was introduced
in October 2000 so we used the code for stent placement (39.90) linked to a primary
diagnosis of AAA for the preceding time period. In order to limit the study population to
those with pure AAA, we excluded patients with concomitant codes for aortic dissection
(441.00–441.03), fenestration of dissection (39.54), thoracoabdominal aneurysm (diagnosis
441.1, 441.6, 441.2, 441.7, or repair 38.45, 39.73) or visceral/renal bypass (38.46).
Demographic characteristics were obtained from the Medicare enrollment files.
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Outcomes
We define short-term mortality as the combined mortality related to elective repair, rupture
repair, and death due to rupture without repair. Mortality related to elective repair was
defined as death within 30 days of a repair procedure or within the repair hospitalization if
greater than 30 days. Mortality related to rupture was defined as all deaths within the
primary hospitalization or within 30 days of a repair procedure for cases with a repair; or
within 30 days of admission for persons with a diagnosis of rupture who did not undergo
repair. We note that many people with ruptured AAA die prior to arriving at a hospital, so
these deaths are not counted in our analyses.

Analyses
We calculated the annual incidence and mortality rates of intact AAA repair, ruptured AAA
repair, and rupture without repair per 100,000 Medicare Beneficiaries. Standardized rates
were calculated using the 2008 traditional Medicare enrollee data as our standard
population. We first calculated standardized rates for males and females stratified by age
group (65–74, 75–79, ≥80) for each year (1995–2008). We then calculated standardized
rates that were gender and age adjusted per year. Rates were analyzed overall and within
subgroups stratified by age and gender. In descriptive analyses, we used linear regression
models with two-sided t-tests to test whether the slope of the time trend was different from 0
and to detect significant changes in rates over time. We used the Chi-square test to compare
mortality rates between EVAR and open repair for various populations. All statistical
analyses were performed using SAS 9.1 (SAS Institute, Cary, NC). The study was approved
by the Institutional Review Board at Harvard Medical School.

Results
A total of 338,278 patients underwent repair of intact AAA over the 14 year period. Total
annual intact repairs increased slightly from 23,186 in 1995 to 24,334 in 2008. There were
69,653 AAA ruptures presenting to a hospital of which 47,524 were repaired, with the
annual total number of ruptures decreasing from 6,535 in 1995 to 3,298 in 2008. All results
reported are statistically significant at the P<0.001 level unless otherwise stated.

Demographic and clinical characteristics of the US Medicare beneficiaries undergoing intact
or ruptured AAA repair are shown in 3-year increments in Table 1 (data are available by
year, see Table, Supplemental Digital Content 1, which also includes data on non-operative
rupture patients). The mean age of patients undergoing intact AAA repair increased from
73.7 years in 1995 to 75.5 years in 2008. Similarly, the mean age of patients undergoing
ruptured AAA repair (open or EVAR) increased from a mean of 75.3 years in 1995 to 76.4
years in 2008. Patients receiving open repair of intact AAA had a higher prevalence of
comorbid conditions in 2008 as compared to 1995.

Rates of Repair of Intact and Ruptured AAA
The overall rate of intact repair (age and gender adjusted) increased slightly (yet still
significant statistically) from 79.9 to 85.0 per 100,000 Medicare beneficiaries over the
period 1995 to 2008. Intact repair rates decreased in those aged 65–74 (81.8 to 68.9), but
increased in all other age groups, with the largest increase in those aged 80 and older (57.7
to 92.3). Figure 1 shows changes in intact repair rates over time within these age groups
relative to the baseline year (1995). Although the majority of intact repairs were in men, the
increase in repairs was greater in women (10.2% increase in repairs in women vs. a 5.4%
increase in men).
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The rate of AAA ruptures presenting to a hospital (age and gender adjusted) decreased from
33.4 to 16.8 per 100,000 Medicare Beneficiaries between 1995 and 2008, while the
proportion of ruptures undergoing repair changed little over the same time period (70% in
1995 vs. 65% in 2008).

The proportion of intact repairs using EVAR increased steadily over time, reaching 77% in
2008 for all age groups and 83% for those over age 80 (see Figure, Supplemental Digital
Content 2, which shows proportion of EVAR for intact and ruptured AAA). Men were more
likely to undergo EVAR compared to women for all age groups in 2008; 79% vs.67% (data
not shown). Although EVAR utilization for rupture repair has lagged behind that for intact
repair, it grew to 31% in 2008.

Operative Mortality
Operative mortality with intact repair declined over time after the introduction of EVAR
(Figure 2a). Operative mortality with open repair remained fairly constant near 5%, so most
of this decrease was due to the adoption of EVAR. The reduction in mortality with intact
repair was greatest for those over age 80 (9.6% in 1995 to 3.3% in 2008). Patients aged 65–
74 had a smaller absolute reduction in mortality (3.3% to 1.5%). Operative mortality was
higher for women than men for both endovascular repair (2.1% vs. 1.3% in 2008) and open
repair (7.0% vs. 5.2% in 2008, p<0.01) and this difference has changed little over time.
Similarly, after the introduction of EVAR, the overall operative mortality with ruptured
AAA repair declined from 44.1% in 1995 to 36.3% in 2008 (Figure 2b).

Short-term AAA-related deaths
Between 1995 and 2008, the overall rate of short-term AAA-related deaths for those
presenting to a hospital (age and gender adjusted) per 100,000 Medicare beneficiaries
declined from 26.1 to 12.1 (Figure 3). This is due mostly to a 50% decline in the rate of
ruptures and resulting deaths, which decreased from 20.2 to 9.1 per 100,000 beneficiaries. In
addition, despite the increase in intact repairs, there was a decline in the rate of deaths
related to intact repair from 5.9 to 3.0 per 100,000 beneficiaries (age and gender adjusted).
The decline in all short-term AAA-related deaths was seen for both men and women and
across all age groups with the greatest decline seen in those aged 80 and older (see Figure,
Supplemental Digital Content 3, which shows all short-term AAA-related deaths per age
group). Similarly, the decline in intact repair deaths and rupture deaths (with and without
repair) was greatest in those aged 80 and older (see Figures, Supplemental Digital Content 4
and 5, which show intact repair deaths and rupture deaths per age group respectively).
Figure 4 shows that as the rate of intact AAA repair increased for those aged 80 and older
there was a concomitant 50% decrease in rupture-related deaths as well as a decrease in
deaths due to intact AAA repair in that age group.

Discussion
We studied trends in short-term AAA-related mortality over the period 1995–2008, which
coincided with the period just prior to and following the introduction of EVAR, and
calculated standardized rates to correct for population changes. By using complete data from
the Medicare program, we were able to capture all deaths within 30 days of presentation in a
large population encompassing most AAA repairs and deaths in the US. Our analysis has
several key findings. First, rates of intact AAA repair increased dramatically in those over
age 80 and decreased somewhat in those younger than 75 years. Despite the increase in
intact repair rates in those over age 80, operative mortality decreased by 50% because of the
adoption of EVAR with its lower (and decreasing) mortality rates. Second, the incidence of
AAA rupture has decreased dramatically over time, with 50% fewer deaths due to rupture
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observed in 2008 compared with 1995. Because most ruptures occur in the oldest
population, this finding is likely due to increasing rates of prophylactic elective repair in that
population. Together, these trends have resulted in a marked decline in short-term AAA-
related mortality over time, largely coinciding with the introduction and rise of EVAR.

In our previous work using the Nationwide Inpatient Sample, years 1993–2005, we
previously demonstrated that the average annual number of deaths from intact and ruptured
AAA decreased significantly after the introduction of EVAR.7 However, the analysis did not
account for changes in the in the population over time, was limited to in-hospital mortality,
and was based on a 20% sample of hospitalizations. In contrast, the current study includes
all Medicare beneficiaries and also includes uniform data on short-term outcomes observed
after discharge from the hospital. We now demonstrate substantial differences based on age
and demonstrate changes occurring annually rather than 5 year averages.

Short-term AAA-related deaths in the US are decreasing due to both fewer deaths after
intact repair (despite an increase in repair rates primarily in those over age 80) and decreased
incidence of rupture. Another contributing factor to decreased mortality from AAA rupture
is that there may have been a change in the underlying prevalence of AAA. Prior
epidemiologic studies based on data through 2000 have suggested an increasing or at least
stable rate of AAA incidence, 12–17 but these studies are now over 10 years old. The
population most likely to show decreased incidence of AAA are the youngest Medicare
beneficiaries who might have benefitted most from lower smoking rates, and other risk
factor control.18 Our data also are consistent with this hypothesis. In younger patients (those
aged 65–74) we observed a decrease in the rate of rupture despite a decrease in the rate of
intact repair. The decline in repair rate in this age group also may be related in part to the
UK Small Aneurysm Trial and the subsequent Aneurysm Detection and Management trial,
both of which demonstrated the safety of deferring AAA repair until the diameter reaches
5.5cm.19,20 The fact that the rupture rate declined in this age group despite a decreasing rate
of intact repair suggests that for the first time, the incidence of AAA may be declining in
younger patients. In contrast to younger patients, we observed markedly increased rates of
intact repair for those aged 80 and older along with a similar decrease in ruptures in that
population. It is unlikely that we would have seen this dramatic increase if the prevalence of
AAA was decreasing in this older population

Prior to the introduction of EVAR, rates of AAA rupture and intact repair were generally
stable,1,14–17,21–23 although some more recent studies that include the early years after the
introduction of EVAR showed a decreasing rate of intact repairs.7,8,24,25 For instance,
Dillavou et al found a decrease in intact repairs from 1994–2003 in a 5% sample of
Medicare patients24 whereas Nowygrod et al found a stable rate of intact repair from 1998–
2003 using state and national hospital discharge data.25 We find that the increase in intact
repairs likely coincided with the introduction of EVAR. Close inspection reveals a spike in
intact repairs in 2001 after FDA approval of EVAR with a small decline in the years just
before and after. It is likely that elective repair was deferred in those patients who were
deemed most likely to benefit from EVAR in the years just before its introduction and that
the small decline occurred after this backlog was eliminated. These overall trends, however,
mask important differences by age group. Our analysis demonstrates that intact repair rates
have been increasing dramatically in those over age 80 since 1995 but that this increase is
partially offset by a decrease in repair rates in those under age 75.

Although EVAR has expanded access to repair, particularly for the oldest patients, we
cannot confirm that life expectancy has been prolonged meaningfully because although
rupture may have been prevented, these patients may have died from other competing causes
soon afterward. Thus, the benefit in reduction of short-term AAA-related mortality may not
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persist when examining the long-term benefits of EVAR. What is unambiguous, however, is
that we observe fewer ruptures in this population. The recent EVAR 2 trial suggests that
EVAR for unfit patients does not prolong survival.26 We did not evaluate “fitness” and have
simply noted trends based on age alone. We previously demonstrated that although operative
mortality increases with age, a low mortality can be achieved even in Medicare patients 85
years of age and older (inhospital mortality of only 2.7%).6 Operative mortality in EVAR 2
was 9% suggesting that these patients were substantially less “fit”. In addition to age,
comorbid conditions can be used to more precisely predict the operative risk with EVAR
and open surgery for all age groups to help select those who may be at reasonable risk for
EVAR even if they are high risk for open repair.27,28

We found a lower operative mortality with EVAR when compared to open repair for
ruptured AAA similar to others. 24,27,29 It has been suggested that only the most stable
ruptured patients are chosen for EVAR and that mortality for EVAR and open repair of
ruptured AAA may not be different.3031 However, prior to the introduction of EVAR,
rupture repair mortality had been stable.23 Our analysis demonstrates a reduction in overall
rupture repair mortality after the introduction of EVAR providing the strongest argument in
favor of a real reduction in operative mortality with EVAR for ruptures as well as intact
AAA.

There are several limitations to this study. The administrative data we used is subject to
coding errors and thus we might have missed some cases of repair. The trends we report,
however, would not be subject to such a bias unless coding accuracy was changing over
time. Similarly, we were only able to identify rupture-related deaths that reached a hospital
and most rupture patients likely die prior to reaching the hospital. However, we have no
reason to suspect that the proportion of ruptures reaching the hospital would be changing
over time; if anything we would expect that more ruptures would be reaching the hospitals
because of improvements in the emergency response system.32,33 We also do not have the
ability to determine why the proportion of patients admitted with ruptured AAA who are not
offered repair has not changed substantially. We would hypothesize that some patients
present either with the expressed desire not to undergo repair or present with an
unrecoverable situation and that the expansion of EVAR would not impact this. Our analysis
is also limited by a lack of anatomic information. We do not know AAA diameter and
therefore cannot comment on changes in practice over time related to diameter. However,
based on the age related trends we observed, we suspect that the increased utilization of
EVAR represents an increase in the treatment of the elderly (age 80 and older) with larger
diameter AAAs rather than expansion to treatment of smaller diameter AAAs.

In summary, coincident with the introduction of EVAR, we observed large population level
declines in short-term AAA-related mortality among elderly Medicare Beneficiaries. This is
due to both decreased perioperative mortality and decreased deaths due to ruptures of
untreated (and treated) aneurysms, particularly in older patients. Expansion of the Medicare
screening program and others could be expected to provide further benefits in reducing the
AAA rupture rate nationally. Utilization of EVAR continues to expand for both intact and
ruptured AAA suggesting that these trends will likely continue. Our data also suggest that
AAA incidence might be decreasing in younger patients, potentially due to less smoking and
improved risk factor control, but this finding will need to be confirmed in other studies.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Changes in intact AAA repair rates subsequent to 1995 by age and year (gender adjusted)
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Figure 2.
Operative mortality for EVAR, open repair, and total AAA repairs for US Medicare
beneficiaries, 1995–2008 A) Intact AAA B) Ruptured AAA
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Figure 3.
Short-term AAA related deaths per 100,000 US Medicare beneficiaries (age and gender
adjusted), 1995–2008
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Figure 4.
Intact AAA repairs, rupture deaths (with and without repair), and intact repair deaths in
patients aged 80 and older (gender adjusted, per 100,000 Medicare Beneficiaries), 1995–
2008
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