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Purpose: To compare endovascular (EVAR) and open surgical repair (OSR) for ruptured
abdominal aortic aneurysms (RAAA) in terms of preoperative hemodynamic status and
comorbidities.
Methods: The 2005 to 2007 American College of Surgeons National Surgical Quality
Improvement Program (NSQIP) database was interrogated to find all patients undergoing
repair for RAAA. Of the 567 RAAA repairs identified, 121 (21%) were endovascular and 446
(79%) were open. Demographics, comorbidities, and preoperative hemodynamic status
were compared by repair method.
Results: Age, sex, and race were similar between repair cohorts. EVAR patients had greater
incidences of recent myocardial infarction (7% versus 2%, p,0.05), revascularization or
amputation for peripheral vascular disease (8% versus 3%, p,0.05), and cerebrovascular
disease (22% versus 11%, p,0.01). Preoperative hemodynamic status was similar based on
need for .4 units of blood (3% versus 6%, p50.31), intubation (12% versus 17%, p50.18),
impaired sensorium (7% versus 11%, p50.25), coma (4% versus 5%, p50.65), acute renal
failure (2% versus 2%, p50.60), and ASA class 5 (29% versus 34%, p50.29). Open repair
was associated with greater operative time (3.3 versus 2.6 hours, p,0.01) and intraoper-
ative blood transfusions (8 versus 2 units, p,0.001). Overall mortality was 33.5% (EVAR
24% versus OSR 36%; OR 1.8, 95% CI 1.1 to 2.8, p,0.05). After adjusting for preoperative
comorbidities and all preoperative hemodynamic variables, mortality after open repair was
greater than after EVAR (OR 1.9, 95% CI 1.1 to 3.2, p,0.05). Overall postoperative
complications were greater after open repair (62% versus 47%, p,0.01). Graft failure
requiring reintervention was higher after EVAR (4% versus 1%, p,0.05), while rates of
return to the operating room for a major operation were similar (21% versus 24%, p50.43).
Conclusion: For RAAA within NSQIP hospitals in recent years, preoperative hemodynamic
status was similar between EVAR and OSR, but EVAR patients had greater comorbidities.
Despite this and after accounting for minor differences in hemodynamic status, EVAR
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mortality was lower than OSR mortality. Institutions with adequate experience and
resources should attempt endovascular repair for RAAA when anatomy allows.

J Endovasc Ther. 2009;16:365–372

Key words: ruptured abdominal aortic aneurysm, endovascular aneurysm repair, open
repair, National Surgical Quality Improvement Program

¤ ¤

The adoption of endovascular aneurysm
repair (EVAR) for ruptured abdominal aortic
aneurysms (RAAA) has lagged behind the
technique’s application for intact, elective
abdominal aortic aneurysms (AAA).1 With
emerging data from centers of excellence
and community hospitals, it is apparent that
EVAR for RAAA has shown a steady in-
crease.2–8 Comparison of this method of
repair to its traditional open repair counter-
part is difficult, however, as preoperative
differences in hemodynamic stability are
likely to play a large role in the decision for
one type of repair over the other.

Early reports have been especially favor-
able in centers where a standardized treat-
ment protocol has been established for EVAR
as a first-line therapy for RAAA.2–5 Describing
the results from one such program, Mehta et
al.2 were able to show an 18% mortality rate
following EVAR with a 95% success rate for
the procedure, which compares favorably to
prior repairs in which mortality for RAAA has
hovered at 40% to 50% for the past 4
decades.9 Moreover, this and other small
institutional studies may not be representa-
tive of the population at large. We therefore
looked at the current outcomes of EVAR and
open repair for RAAA within the National
Surgical Quality Improvement Program
(NSQIP), which is representative of commu-
nity as well as academic medical centers.
The NSQIP, developed for general and vas-
cular surgical outcomes quality assess-
ment, is a large database with contribu-
tions by over 200 hospitals nationwide. It
contains a comprehensive list of preoperative
comorbidities, preoperative variables reflect-
ing hemodynamic stability, intraoperative
variables, 30-day postoperative complica-
tions, and 30-day mortality, which makes it
well suited for the comparison of RAAA repair
methods.

METHODS

Database

The NSQIP is a multi-institutional, risk-adjust-
ed, national, prospectively collected database
created to facilitate quality control review of
outcomes. It originally began in Veterans
Administration centers and was expanded to
the private sector in a pilot study of 14
academic medical centers. Since the pilot
study concluded in 2004, enrollment has
steadily grown to include 221 participating
community and academic medical centers
across the US. Dependent upon its overall
volume, each center contributes all or a
portion of operative cases performed, with
selection occurring in a rotating manner to
ensure random representation of procedures
and outcomes. Clinical nurse reviewers are
specially trained for data review and record-
ing patient information. A comprehensive
array of preoperative comorbidity data is
collected along with operative and perioper-
ative information. The 30-day postoperative
outcomes, including post-hospitalization in-
formation, is collected from hospital records,
clinic visits, and/or follow-up phone contact.10

Data Retrieval

The NSQIP database from 2005 to 2007, the
most recent years available, was queried
using SAS statistical software (version 9.2;
SAS Institute Inc., Cary NC, USA). Patients
with RAAA were identified by the primary
ICD-9 (International Classification of Diseases,
9th ed.) diagnosis codes (441.3, 441.5) and by
CPT-4 (Current Procedural Terminology, 4th
ed.) procedure codes for EVAR (0078T-81T,
34800, 34802-05, 34812-13, and 34825-26) or
open surgical repair (35081-82, 35091-92, and
35102-03). Patients with tandem codes for
thoracic and thoracoabdominal aneurysm
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repairs (33875, 33880-81, and 33877) were
excluded. Patients undergoing open conver-
sion after an initial EVAR attempt (34830-32)
were included as EVAR patients as an inten-
tion-to-treat analysis.

Preoperative demographic and comorbidity
variables were recorded for each patient.
Preoperative status variables were time de-
pendent and included blood transfusion .4
units within 72 hours, preoperative intubation
within 48 hours, altered sensorium within
48 hours, coma entering surgery, acute renal
failure within 24 hours, and American Society
of Anesthesiology (ASA) classification. Intra-
operative variables included blood transfu-
sion volume, operative time, and intraopera-
tive complications (cardiac arrest, myocardial
infarction, or unplanned intubation). Thirty-
day postoperative events were wound infec-
tion (superficial, deep, or organ space infec-

tion), wound dehiscence, graft failure, return
to the operating room, and 13 other NSQIP-
defined complications. Graft failure was de-
fined by NSQIP as ‘‘mechanical graft failure
requiring return to the operating room,
interventional radiology, or balloon angio-
plasty.’’ Other postoperative outcomes in-
cluded perioperative mortality (30-day) and
hospital length of stay.

Patient Sample

Of the 567 RAAA repairs identified, there
were 121 (21%) patients who underwent
EVAR (97 men; mean age 72.6610.3 years)
and 446 (79%) patients (339 men; mean age
73.769.1 years) who had open repairs during
the time period (Table 1). Five patients un-
derwent EVAR with immediate conversion to
open repair.

¤ ¤
TABLE 1

Demographics and Comorbidities of Patients Undergoing Endovascular or Open Repair
of Ruptured AAAs Within the ACS-NSQIP Population 2005–2007

Endovascular Repair (n5121) Open Repair (n5446) p

Demographics

Age, y 72.6610.3 73.769.1 0.23
#60 7% 8% 0.95
61–70 27% 36% 0.06
71–80 42% 33% 0.08
.80 24% 24% 0.92

Men 80% 76% 0.36
Black race 6% 5% 0.57

Pre-existing comorbidities

Dialysis 2% 1% 0.16
Coronary artery disease 35% 27% 0.07

Recent CABG 20% 17% 0.41
Previous PTCA 10% 9% 0.74
Angina (within 1 month) 4% 2% 0.16
MI (within 6 mo) 7% 2% ,0.05
CHF (within 30 d) 2% 2% 0.69

Hypertension requiring medication 64% 71% 0.19
History of PVD 8% 3% ,0.05
Cerebrovascular disease 22% 11% ,0.01
Diabetes mellitus 15% 11% 0.40
COPD 21% 15% 0.14
Obesity 48% 50% 0.77
Poor functional status 42% 48% 0.24
Current smoker 41% 34% 0.19

¤ ¤
Continuous data are presented as means6standard deviation; categorical data are given as counts (percentages).
CABG: coronary artery bypass graft surgery, PTCA: percutaneous transluminal coronary angioplasty/stent, MI:
myocardial infarction, CHF: congestive heart failure, PVD: peripheral vascular disease, COPD: chronic obstructive
pulmonary disease.
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Statistical Analysis

Demographics, comorbidities, and periop-
erative events and outcomes were compared
between open and EVAR cohorts. Categorical
variables were analyzed using chi-square or
Fisher exact tests; continuous variables were
compared using Student t tests for parametric
data or the Wilcoxon rank sum test for
nonparametric data. Preoperative predictors
of morbidity and mortality were analyzed by
univariate and multivariate logistic regression
methods. Statistical significance was defined
as p,0.05. Statistical analysis was performed
using STATA statistical software (StataCorp
LP, College Station, TX, USA).

RESULTS

In terms of demographics (Table 1), the 2
groups were evenly matched for age, gender,
and race; White males made up more than 3
quarters of the overall group. Prior myocar-
dial infarction, history of a prior revasculari-
zation or amputation for peripheral vascular
disease, and cerebrovascular disease were all
significantly more common in EVAR patients.
The only comorbid conditions that showed a
greater frequency in open repair patients
were hypertension and poor functional sta-
tus, while the remaining conditions were all
slightly greater in EVAR patients.

Markers of immediate preoperative status
showed that patients were similar going into
surgery (Table 2). Seventeen percent of open

repair patients were intubated within 48
hours prior to surgery versus 12% of EVAR
(p50.18) and 5% of open repair patients were
unresponsive entering surgery compared to
4% of EVAR (p50.65). ASA classification was
similar for both types of repair.

All open repair patients were operated on
under general surgery, while 6% of EVAR
patients had epidural or monitored anesthe-
sia (p,0.001; Table 3). One EVAR patient
required an unplanned intraoperative intuba-
tion. The median time for operation was
3.3 hours for open versus 2.6 hours for EVAR
(p,0.01). Intraoperative blood transfusion
was 4 times greater in open cases. Conven-
tionally treated patients had a 9% incidence of
intraoperative cardiac arrest, while EVAR
patients had a 5% incidence (OR 2.1, 95% CI
0.8 to 4.6, p50.15).

Less than 4% of all RAAA repairs were
performed by general surgeons as compared
to vascular specialists, with only 1 (0.9%)
EVAR performed by a general surgeon. In
contrast, a review of intact AAA repairs within
the database showed that general surgeons
performed 2.5% of EVAR cases for intact AAA
versus 2.7% of open repairs.

Overall mortality (Table 4) was 33.5%: 24%
after EVAR compared to 36% after open
surgery (p,0.05). Among patients who died,
approximately one third died on the day of
operation. Three of the 5 patients who
underwent unsuccessful EVAR attempts and
required immediate open conversions also

¤ ¤
TABLE 2

Preoperative Status Characteristics of Patients Undergoing Endovascular and Open Repair
of Ruptured AAAs Within the ACS-NSQIP Population 2005–2007

Endovascular Repair (n5121) Open Repair (n5446) p

Transfer status (from acute care hospital) 23% 19% 0.40
Acute renal failure 2% 2% 0.60
Intubation (within 48 h prior to surgery) 12% 17% 0.18
Impaired sensorium 7% 11% 0.25
Coma (unresponsive entering surgery) 4% 5% 0.65
Sepsis 31% 41% 0.06
Blood transfusion .4 units 3% 6% 0.31

ASA classification

3 13% 13% 0.99
4 56% 52% 0.44
5 29% 34% 0.29

¤ ¤
ASA: American Society of Anesthesiologists.
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died. Mortality of successful EVAR was 22%.
Overall morbidity was greater after open
repair (62% versus 47% for EVAR, p,0.05).
Twenty percent of EVAR patients and 24% of
open patients (p50.31) required a subsequent
major operation within 30 days. The proce-
dure performed and its relation to the aneu-
rysm repair could not be determined from
available data; however, 4% of EVAR patients
and 1% of open patients were separately
reported as having graft failure requiring
reoperation or endovascular reintervention
(p,0.05).

Wound dehiscence (4%) and infections (4%;
Table 4) occurred more frequently in open
patients versus EVAR [0% (p,0.05) and 7%
(p50.23), respectively]. Respiratory complica-
tions, including prolonged ventilation and
pneumonia, were more common after open
surgery as well.

Median length of stay was 10 days (range
0–99) after open repair and 7 days (range 0–
76) after EVAR (p50.10). Among survivors,
length of stay was 14 days (range 0–99) after
open repair and 8 days (range 0–76) after
EVAR (p,0.001).

¤ ¤
TABLE 3

Intraoperative Outcomes for Endovascular and Open Repair of Ruptured AAAs
Within the ACS-NSQIP Population 2005–2007

Endovascular Repair (n5121) Open Repair (n5446) p

General anesthesia 94% 100% ,0.001
Unplanned intubation 1% 0 0.21
Operative time, h 2.6 (0.2–12.3) 3.3 (0.3–2.3) ,0.01
Transfusion requirements, units 2 (0–38) 8 (0–40) ,0.001
Cardiac arrest 5% 9% 0.15
Myocardial infarction 1% 1% 0.99
¤ ¤

Continuous data are presented as median (range); categorical data are given as percentages.

¤ ¤
TABLE 4

Mortality and Morbidity After Endovascular and Open Repair of Ruptured AAAs
Within the ACS-NSQIP Population 2005–2007

Endovascular Repair (n5121) Open Repair (n5446) p

Mortality 24% 36% ,0.05

Proportion of deaths on POD 0 35% 39% 0.70

Postoperative complications 47% 62% ,0.01

Return to OR (within 30 d) 21% 24% 0.43
Acute renal failure 16% 16% 0.99
Progressive renal insufficiency 4% 7% 0.29
Prolonged ventilation .24 h 24% 44% ,0.001
Reintubation 12% 11% 0.72
Pneumonia 18% 28% ,0.05
Cardiac arrest 4% 6% 0.36
Myocardial infarction 3% 2% 0.42
Bleeding requiring transfusions 7% 11% 0.18
Graft failure 4% 1% ,0.05
Wound dehiscence 0% 4% ,0.05
Wound infection 7% 4% 0.23
Pulmonary embolus 1% 1% 0.86
Deep venous thrombosis 2% 4% 0.55
Stroke 2% 2% 0.92
Urinary tract infection 8% 8% 0.88
Sepsis without septic shock 6% 11% 0.08
Septic shock 14% 18% 0.29

¤ ¤
POD: postoperative day, OR: operating room.
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Predictors of Morbidity and Mortality

Predictors of mortality (Table 5) on multi-
variate logistic regression included open
repair, age, dialysis, ASA class 5, preoperative
intubation, chronic obstructive pulmonary
disease, and obesity (body mass index
.30 kg/m2). Open repair was associated with
a 2-fold increase in mortality risk, while ASA
class 5 and intubation within 48 hours prior to
surgery were associated with a 3- to 4-fold
increase. When markers of preoperative sta-
tus were not included in the multivariate
analysis, functional status became significant.
Open repair still had a 2-fold increased
mortality risk compared to EVAR. Predictors
of morbidity included open repair, age, and
poor functional status. None of the preoper-
ative status variables were independently
predictive of morbidity.

DISCUSSION

This study provides a broad assessment of
national outcomes of EVAR and open repair
for RAAA. The most important finding was

that the rate of mortality for patients under-
going EVAR was reduced by 33% compared
to patients undergoing open repair in spite of
greater comorbidities in EVAR patients and
similar preoperative status. The rate of peri-
operative complications was also lower in the
EVAR cohort. In multivariate analysis, open
repair was associated with a 2-fold increased
risk of mortality independent of demograph-
ics, comorbidities, and preoperative status.

In spite of reduced mortality, complications
occur as frequently for patients undergoing
EVAR as for open repair. The most frequent
complication was prolonged intubation, fol-
lowed by reoperation, pneumonia, shock, and
acute renal failure. The rate of graft failure
requiring reintervention (4%) was reasonable,
especially considering the urgent nature under
which stent-grafts were implanted and the
limited time for preoperative planning.

The 24% EVAR mortality compares well to
the 18% mortality rate reported by Mehta et
al.2 Considering that the NSQIP includes a
broad mix of community and academic
medical centers, this result is impressive. As
NSQIP is a quality improvement tool, howev-

¤ ¤
TABLE 5

Multivariate Predictors of Mortality and Morbidity After Endovascular or Open Repair
of Ruptured AAAs Within the ACS-NSQIP Population 2005–2007

OR 95% CI p

Mortality (including preoperative status variables)

Open repair 1.9 1.1 to 3.2 ,0.05
Age (per decade) 1.6 1.3 to 2.1 ,0.001
Dialysis 11.5 2.0 to 66 ,0.01
ASA class 5 3.7 2.4 to 5.7 ,0.001
Preoperative intubation 3.5 2.0 to 6.0 ,0.001
COPD 2.5 1.5 to 4.2 ,0.001
Obesity (BMI .30 kg/m2) 1.7 1.1 to 2.5 ,0.05

Mortality

Open repair 1.9 1.1 to 3.0 ,0.05
Age (per decade) 1.6 1.3 to 2.0 ,0.001
Dialysis 6.3 1.1 to 36 ,0.05
COPD 2.2 1.3 to 3.5 ,0.01
Obesity (BMI .30 kg/m2) 1.9 1.3 to 2.8 ,0.001
Poor functional status 2.3 1.5 to 3.3 ,0.001

Morbidity

Open repair 1.7 1.1 to 2.6 ,0.05
Age (per decade) 1.3 1.1 to 1.6 ,0.01
Poor functional status 1.7 1.2 to 2.5 ,0.01

¤ ¤
OR: odds ratio, CI: confidence interval, ASA: American Society of Anesthesiologists, COPD: chronic obstructive
pulmonary disease, BMI: body mass index.
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er, most participating institutions likely rep-
resent high volume centers with an interest in
improving their own outcomes. Other institu-
tional studies have reported mortality rates of
8% to 40%, but the number of patients within
institutional studies, however, is still quite
small.2–8 Two recent meta-analyses reported
pooled outcomes on EVAR for RAAA proce-
dures. Rayt et al.12 found a mortality of 24%
for 982 patients, while Azizzadeh et al.13

reported a mortality of 30% in 531 patients.
Comparisons are also favorable for EVAR

within administrative database studies in the
US population, which have included the
Nationwide Inpatient Sample, state inpatient
databases, and Medicare.14–16 These lack the
ability to assess any preoperative status
variability, however, so this limitation must
be recognized. A recent analysis of RAAA
repair within the Medicare population
showed a mortality benefit for EVAR com-
pared to open repair within a propensity-
matched sample and demonstrated a signif-
icant surgeon and hospital volume effect,
with higher volume physicians/centers hav-
ing improved results.16 This further strength-
ens the argument that when centers have
the resources and experience for EVAR in
emergency situations, this should be the
operation of choice when anatomical factors
allow.

We did not identify significant differences in
preoperative status that could bias against
open repair. This is somewhat surprising
given the common assumption that unstable
patients are suitable only for open repair.8 It
may be that as centers become more experi-
enced with emergency EVAR and develop a
standardized treatment protocol that includes
an on-call team and decision algorithms to
bypass imaging in favor of direct transfer to an
endovascular operating room with percutane-
ous balloon occlusion of the suprarenal aorta,
EVAR becomes a viable option despite insta-
bility. In our current analysis, which spans
recent years and captures a variety of institu-
tional types, we have found that all immediate
markers of patient stability, such as intubation,
patient unresponsiveness, and ASA class 5,
were similar between the cohorts. Nonsignif-
icant trends did exist, however, with a slightly
higher percentage of open repair patients

having unfavorable status compared to EVAR.
It is possible that with a larger sample size,
statistically significant differences may have
been found. However, adjusting for all preop-
erative status variables within multivariate
analysis did not change the outcome of
increased mortality with open surgery.

Limitations

While the variables assessed with the
NSQIP database are superior to those within
purely administrative databases, there still
are omissions and deficiencies that make it
difficult to definitively state that all hemody-
namic parameters were similar prior to EVAR
versus open repair. The markers of preoper-
ative intubation, acute renal failure, coma,
impaired sensorium, and preoperative blood
transfusion certainly have significant value;
however, more specific information on blood
pressure parameters, tachycardia, and pres-
sor dependence was not available. The vari-
able of preoperative sepsis was coded in one
third of the patients and likely is a reliable
marker of hypotension or pressor support as
part of the definition of this variable is organ
system and/or circulatory system dysfunc-
tion. This showed no significant difference
between repair groups and also did not prove
to be an independent predictor of mortality
within this study, however.

The presence of endoleaks, along with
other specific complications such as distal
ischemia, was unavailable within the NSQIP.
We also could not investigate which proce-
dure was performed when a patient under-
went re-operation, and conversions were
limited to those that occur within the first
operation. Length of stay in the intensive care
unit was also not included.

We also could not assess anatomical dif-
ferences between patients undergoing either
method of repair or whether preoperative
imaging was available for patients. In a 10-
year retrospective review of 47 patients
presenting with RAAA, Slater et al.17 found
that 49% would have been anatomically
suitable for EVAR. Comparatively, Lee et al.6

were able to perform EVAR in 76% of patients
presenting with RAAA after a treatment
algorithm was introduced.
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Related to this, the long-term durability of
EVAR for RAAA also has yet to be proven.
While perioperative mortality results seem
promising, future studies should assess long-
term mortality and reintervention rates.

Conclusion

Despite greater comorbidities and similar
preoperative status, mortality after EVAR was
lower than after open repair for ruptured
AAAs. Even when adjusting for minor differ-
ences in preoperative hemodynamics, EVAR
mortality was lower than open repair. Institu-
tions with adequate capabilities should con-
sider implementing EVAR-first programs for
cases where anatomical conditions allow.
Future randomized trials would be useful, as
would more studies from single institutions
demonstrating significantly lower total RAAA
mortality by instituting EVAR-first programs.
Long-term data to assure durability are nec-
essary within future studies as well.
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