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Abstract

Introduction—Previous studies have found conflicting results regarding the operative risks
associated with conversion to open abdominal aortic aneurysm (AAA) repair after failed
endovascular treatment (EVAR). The purpose of this study was to assess the outcome of patients
undergoing a conversion, and compare outcomes to standard open AAA repair and EVAR.
Additionally, we sought out to identify factors associated with conversion.

Methods—All patients undergoing a conversion to open repair, and those undergoing standard
EVAR and open repair between 2005 and 2013 were included from the National Surgical Quality
Improvement Program (NSQIP). Multivariable logistic regression analysis was used to identify
factors associated with conversion, and to assess independent perioperative risks associated with
conversion compared to standard AAA repair. Subanalysis for factors associated with conversion
was performed among patients additionally included in the more detailed Targeted Vascular
Module of the NSQIP.

Results—A total of 32,164 patients were included, with 300 conversions, 7188 standard open
repairs, and 24,676 EVARs. Conversion to open repair was associated with a significantly higher
30-day mortality than standard open repair (10.0% vs. 4.2%, P<.001, OR: 2.4, 95% CI: 1.6 — 3.6),
and EVAR (10.0% vs. 1.7%, P<.001, OR: 7.2, 95% CI: 4.8 — 10.9). Conversion surgery was
additionally followed by an increased occurrence of any complication (OR: 1.5,95% Cl: 1.2-1.9
(open); OR: 7.8, 95% CI: 6.1 — 9.9 (EVAR)). Factors associated with conversion were young age
(OR: 1.2 per 10 years decrease, 95% CI: 1.1 — 1.4), female gender (OR: 1.5, 95% CI: 1.2 — 2.0),
and non-white race (OR: 1.8, 95% CI: 1.3 — 2.6). Conversely, BMI > 30 was negatively associated
with (OR: 0.7, 95% CI: 0.5 — 0.9). Among anatomic characteristics captured in the Targeted
Vascular data set (N=4555), aneurysm large diameter demonstrated to be strongly associated with
conversion (OR: 1.1 per 1 cm increase, 95% CI: 1.03 - 1.1).
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Conclusion—Conversion to open repair after failed EVAR is associated with substantially
increased perioperative morbidity and mortality compared to standard AAA repair. Factors
associated with conversion are large diameter of the aneurysm, young age, female gender, and
non-white race, while obesity is inversely related to conversion surgery.

Introduction

Owing to the perioperative benefits over open repair,” the use of endovascular treatment
modalities (EVAR) for abdominal aortic aneurysm (AAA) repair has rapidly increased since
its introduction.” EVAR is currently the primary mode of treatment for AAA, with over 80%
of elective cases being performed through endovascular repair.~ Although rare, a conversion
to open repair is sometimes required.: A conversion can either be performed acutely,
necessitated by intraoperative complications during EVAR, such as access-related problems
and errors in endograft deployment,™ or as a late reintervention following graft migration,
persistent endoleak, graft thrombosis, or infection.”

Due to the rarity of the procedure, evidence on the frequency and prognostic implications of
performing a conversion is largely limited to small retrospective series from mostly single-
institution experiences. * ~ These studies did show that conversion surgery was associated
with substantial perioperative mortality, averaging 12% and 10% after acute and late
conversion respectively. Consequently, many of these studies concluded that having to
convert from EVAR to open repair is associated with worse outcomes than either standard
open AAA repair or EVAR. Yet in the largest study to date using the National Quality
Improvement Program (NSQIP) from 2005 to 2008 with 72 conversion patients, Newton et
al. found no differences in perioperative outcomes between patients undergoing a conversion
and those undergoing standard open AAA repair. The purpose of this study was to assess the
outcome of patients undergoing conversion, and compare outcomes to standard open AAA
repair and EVAR. Additionally, we aim to identify factors associated with conversion to
open AAA repair using the regular NSQIP, as well as the newly available Targeted Vascular
module.

Methods

Data Source

For this study, we used the American College of Surgeons National Surgical Quality
Improvement Program (ACS NSQIP) database. The NSQIP is a quality improvement
initiative of the American College of Surgeons, and is designed to provide robust, reliable
and risk-adjusted surgical outcomes intended to identify elements in current healthcare
practice for quality improvement purposes. Dedicated surgical clinical nurse reviewers at
each hospital prospectively collect preoperative and procedural risk factors, as well as 30-
day postoperative outcomes according to standardized definitions.: The validity of the ACS
NSQIP has been confirmed previously. The database contains de-identified data only
without any protected health information. Therefore, Institutional Review Board approval
and patient consent were waived. In order to identify anatomy-related factors associated with
conversion, we performed a subanalysis among patients who are also captured in the
Targeted Vascular data set of the ACS NSQIP. The Targeted Vascular data set is a newly
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available module, which includes additional disease and procedure specific characteristics,
and procedure-related outcomes chosen by vascular surgeons. Additional information on the
ACS NSQIP and the Targeted Vascular data set are available at www.acsnsqip.org.

Patients undergoing a conversion to open repair between January 2005 and December 2013
were included in the study. Procedures were identified using Current Procedural
Terminology coding (CPT). CPT codes for conversion to open AAA repair are: 34830,
3481, and 34832, which respectively correspond to open AAA repair using tube,
aortobiiliac, and aortobifemoral prostheses after unsuccessful EVAR. Since these same CPT
codes are used for both acute and late conversions, we were unable to distinguish between
conversions performed immediately after failed EVAR and those performed as late
reinterventions. Therefore, we considered our cohort to comprise of both acute and late
conversions. The CPT codes for conversion also encompass the attempted EVAR in case of
an acute conversion, which precluded us from determining whether the conversion was
immediate or not based on the time between the EVAR and conversion. Standard EVAR
(CPT: 34800, 34802, 34803, 34804, 34805), and non-ruptured open AAA repair (CPT:
35081, 35102) patients were also included for comparison. Cases with a postoperative
diagnosis indicating the treatment of a ruptured aneurysm, as defined by the International
Classification of Diseases — 9t revision (ICD-9), were excluded (ICD-9: 441.3).

Conversion patients were compared to open repair and EVAR patients on baseline and
intraoperative characteristics, as well as 30-day postoperative outcomes. Age was considered
both as a categorical variable, and as a continuous variable, with 90+ coded as 90 to prevent
individual patient identification. Body mass index (BMI) was calculated using height and
weight data (kg/m?2). Postoperative outcomes included 30-day mortality and morbidity
including acute kidney injury, respiratory complications, wound complications, myocardial
infarction, sepsis, septic shock, and return to the operating room. Acute kidney injury was
defined as a rise in creatinine of >2 mg/dl from preoperative value, and/or requirement of
hemodialysis, peritoneal dialysis, hemofiltration, hemodiafiltration, or ultrafiltration within
30 days of the operation. A respiratory complication was defined as prolonged ventilator
dependence (>48 hours), reintubation, or a postoperative pneumonia. Wound complications
included superficial, deep, and organ space infections. Patients with systemic inflammatory
response syndrome (SIRS), sepsis, or septic shock prior to surgery were not considered for
postoperative sepsis and septic shock analysis. Additional anatomical characteristics
assessed in the subanalysis among patients captured in the Targeted Vascular data set were
aneurysm diameter, and distal aneurysm extent. In order to identify differences in
postoperative morbidity aside from death, 30-day mortality was not included in the any
complication measure.

Statistical analyses—Categorical variables are presented as counts and percentages.
Normally distributed continuous variables are presented as mean + standard deviation and
non-parametric distributions as median and interquartile range. Differences between
treatment groups were assessed using x2 and Fisher’s exact testing for categorical variables
and Student’s t-test, and Mann Whitney U test for continuous variables, where appropriate.
Trend analyses were performed with the Cochran-Armitage test for trend. Independent
associations between conversion and adverse postoperative outcomes were established using
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multivariable logistic regression analysis. Baseline characteristics were univariately tested,
and variables with a P-value < .1 were subsequently entered into the multivariable model.
Separate models were constructed for 30-day mortality, acute kidney injury, and the
occurrence of any complication. To identify factors associated with conversion, differences
in demographics, comorbidities, and aneurysm diameter were assessed using logistic
regression analysis. Similar to the outcomes analysis, variables with a P-value < .1 were
added to the multivariable model. To avoid over-fitting in the subanalysis among patients
captured in the Targeted Vascular data set (N=4555), a separate model was constructed. All
tests were two-sided and significance was considered when P-value <0.05. Statistical
analysis was performed using the SPSS Statistics 21 (IBM Inc., Chicago, IL).

A total of 32,164 patients were included, with 300 patients who underwent a conversion to

open repair, 7188 open repairs, and 24,676 EVVARs. During the study period, the conversion
rate was 1.2 per 100 EVAR cases (range: 0.8 — 1.5), with no apparent upward or downward
trend over time (P=0.836).

Baseline characteristics

Baseline characteristics are listed in Table I. Compared to open repair patients, those
undergoing a conversion were older (72.6 vs. 70.5, P<.001), but were comparable in terms of
gender (P=.801), and race (P=.072). Similarly, no differences were found in comorbidities.
However, those undergoing a conversion were less frequently current smokers than standard
open repair patients (32.7% vs. 43.8%, P<.001), and were more often classified as a class 4
or greater on the American Association of Anesthesiologists (ASA) physical status
classification system (37.1% vs. 29.3%, P=.004).

When comparing the conversions to EVAR patients, we found that those undergoing
conversion were younger (72.6 vs. 74.0 years, P=006), more often female (25.8% vs. 18.6%,
P=.002), and more frequently of non-white race (12.0% vs. 6.8%%, P=.002). In addition, the
conversion patients were less likely to have diabetes (11.0% vs. 15.7%, P=.026) or obesity
(24.6% vs. 31.4%, P=.012). Also, conversion patients more often had a ASA class of 4 or
greater (37.1% vs. 22.6%, P<.001).

Intraoperative differences

Operative details are listed in Table I1. Conversion was associated with a significantly longer
operative time compared to standard open repair (275 min. vs. 232 min, P<.001). In
addition, conversion cases were more often classified as emergent compared to standard
open repairs (10.0% vs. 6.4%, P=.013), and EVARS (3.9%, P<.001). There was no difference
in proportion of cases performed by vascular surgeons with the vast majority for conversions
and standard open repairs (96.3% vs. 96.1%, P=.832), as well as EVARs (96.5%, P=.892)
being performed by this specialty.
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Postoperative outcomes

Compared to standard open repair, 30-day mortality following a conversion was significantly
higher (10.0% vs. 4.2%, P<.001, Table I1). In addition, conversion patients were more likely
to undergo new dialysis (6.0% vs. 3.5%, P=.024), cardiopulmonary resuscitation (5.3% vs.
1.9%, P<.001), postoperative blood transfusion (42.3% vs. 31.6%, P<.001), and have a
myocardial infarction (5.0% vs. 2.2%, P=.001).

When comparing conversion patients to those undergoing EVAR, we found that 30-day
mortality after a conversion was substantially higher (10.0% vs. 1.7%, P<.001). Similarly,
conversion to open repair was associated with a higher rate of various adverse events,
including acute kidney injury (7.3% vs. 1.4%, P<.001), respiratory complications (16.3% vs.
2.2%, P<.001), cardiac complications (8.7% vs. 1.4%, P<.001), wound complications (4.7%
vs. 2.3%, P=.008), return to the operating room (9.3% vs. 4.5%, P<.001), and postoperative
septic shock (3.7% vs. 0.6%, P<.001).

After adjustment for potential confounders, conversion to open repair proved to be
associated with almost two-and-a-half times higher mortality risk compared to standard open
repair (OR: 2.4, 95% CI: 1.6 — 3.6). Conversion surgery was additionally associated with
increased risks for the occurrence of any complication (OR: 1.5, 95% CI: 1.2 — 1.9).
Compared to EVAR, conversion to open repair was an independent predictor of 30-day
mortality (OR: 7.2, 95% CI: 4.8 — 10.9), acute kidney injury (OR: 5.6, 95% CI: 3.5 - 8.9),
and any complication (OR: 7.8, 95% CI: 6.1 — 9.9).

Factors associated with conversion

For multivariable analysis, demographics, comorbidities, and aneurysm diameter were
considered. In the overall cohort, young age (OR: 1.2 per 10 years decrease, 95% CI: 1.1 -
1.4, Table 1V), female gender (OR: 1.5, 95% CI: 1.2 — 2.0), and non-white race (OR: 1.8,
95% CI: 1.3 — 2.6) were associated with conversion. Conversely, BMI over 30 had a negative
association with conversion (OR: 0.7, 95% CI: 0.5 - 0.9). For patients captured in the more
detailed Targeted Vascular module (N=50 and N=4505, respectively for conversion and
EVAR cases), additional subanalysis was performed. Among these patients, large diameter
was strongly associated with conversion (mean diameter: 6.8cm vs. 5.7cm, P=.001; OR: 1.1
per 1 cm increase, 95% CI: 1.03 - 1.1).

Discussion

This study demonstrates that conversion to open repair is independently associated with an
increased risk of mortality and other adverse outcomes during the postoperative period
compared to standard open repair. In addition to almost a two-and-a-half fold increase in
perioperative mortality, patients undergoing a conversion more often suffered adverse events,
such as myocardial infarction, acute kidney injury requiring dialysis, need for CPR, and
postoperative blood transfusion. Multivariable analysis showed that younger age, female
gender, and non-white race were associated with conversion surgery, while obesity was
inversely related to conversion. Inclusion of targeted module variables established that
aneurysm diameter is also an important determinant of conversion.
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The first study assessing the outcome following a conversion from endovascular to open
repair was published in 1997. With an incidence of almost 16% (11.5% acute, 4.5% late),
the conversion rate was substantially higher than the 1.2% in the present study. The
reduction is most likely the result of improved patient selection and surgeon experience, as
well as technical advances in endovascular repair allowing for patients with more
challenging anatomy to be successfully treated using endovascular treatment modalities.
This is supported by a decline in conversion rates in more recent reports.: In the 1997 study
by Jacobowitz et al., the perioperative mortality following conversion —acute or chronic—
was 17%. Mortality rates in subsequent studies have ranged between 0% and 28.5%. This
variability is likely the result of the small sample sizes of these single-center studies. - * A
pooled data-analysis by Moulakakis et al. determined the perioperative mortality to be 12%
and 10%, respectively for acute and late conversion. This is comparable to the 10% found in
our study. Considering that this is over twice the norm for standard open AAA repair, our
results —not surprisingly— showed that conversion surgery was associated with a significantly
increased perioperative mortality risk compared to open repair, as well as EVAR. However,
in the largest reported conversion cohort to date, which was obtained from the same database
as the present study and included the same patients for the years 2005 to 2008, Newton et al.
found no difference in mortality between conversion patients and those undergoing standard
open AAA repair (4.2% vs. 3.2%, respectively). This difference in outcome appears to be
result of a higher perioperative mortality following conversion to open repair in the later
years of the past decade in this database. In the study by Newton et al., the mortality rate of
4.2% in a cohort of 72 patients corresponds to only 3 deaths in the perioperative period.
Considering the consequent susceptibility to sample variability, the discrepancy with the
present study may simply be the result of an increase in sample size. This highlights the
value of reexamination when more data are available. An actual increase in mortality over
time may be caused by an increase in the proportion of suprarenal bare-metal stents being
explanted due to the rise in utilization of these stents in more recent years.

In regards to factors associated with conversion, some studies found no relation between
patient factors and conversion to open repair. However, in the Lifeline registry, which
described both acute and late conversions, it was found that female gender was strongly
associated with conversion, in addition to large aneurysm diameter. Both of these factors
were also associated with conversion in the present study. The relation between gender and
conversion in the Lifeline registry was in large part driven by acute conversion rates, which
fits with studies showing higher intraoperative complication rates among woman during
EVAR —particularly access-related— due to complex anatomy and smaller artery diameters.™
However, subsequent studies have also determined female gender to be a predictor of late
conversion, which may also be the result of more complex aneurysm anatomy in females, as
well as more late complications requiring reintervention, such as graft thrombosis.: The
positive correlation between diameter and conversion risk may also be different for acute
and late conversions. For acute conversions the correlation is likely to represent the technical
difficulty of establishing adequate seal in patients with large diameter aneurysms, while the
larger diameter observed in late conversion patients is more likely the result of sac growth,
which has prompted the decision for conversion to open repair. Cuypers et al. reported that
low body weight was associated with higher conversion rates in a cohort consisting of both
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acute and late conversions. In the present study, we also found an inverse association
between BMI and conversion. This may be related to a greater comorbidity burden and
technical difficulty in obese patients with consequent higher complication rates. Cuypers et
al. additionally showed that advanced age was a risk factor for conversion. In our study,
however, young age was associated with an increased likelihood of conversion. The
correlation with young age could suggest that our cohort consisted more of patients
undergoing late conversions, as younger patients will live long enough to benefit from
conversion surgery. The difference with the study by Cuypers et al. may therefore be related
to the proportion of acute versus late conversions in each cohort. Similar to the explanation
for the correlation between BMI and conversion, the association with young age may also be
mediated by the fact that younger patients are more often deemed healthy enough to undergo
conversion surgery compared to older patients.

This study has several limitations that should be addressed. First, since the data for this
study were gathered through a prospective data registry, the potential exists for
underreporting of events. Second, as the American Medical Association recommends the
CPT coding for conversion to be used for acute and late conversions, we assumed our cohort
to consist of both. Unfortunately, we were unable to differentiate between conversions
performed immediately and those performed as a late reintervention. However, multicenter
studies, as well as meta-analysis have shown the perioperative outcomes to be similar
between these two groups. Third, previous studies have demonstrated that some older stent
grafts are associated with graft migration, and other untoward events during follow-up. Since
these grafts are no longer used, it should be noted that the possible inclusion of these grafts
in the present study may have affected our results on the current conversion rate, as well as
the factors associated with conversion. Also, baseline characteristics of conversion patients
were obtained at the time of the conversion procedure. A more appropriate comparison
would have included age and comorbidity at the time of the original EVAR. Unfortunately,
these data were not available. Additionally, conversion to open repair may be an indicator of
complex anatomy and more severe comorbidity. Despite adjustment for potential
confounders in multivariable analysis, these factors may also have contributed to the poor
outcome of conversion patients. In addition, the ACS NSQIP does not include long-term
follow-up data, which precludes analysis on reintervention rates, late ruptures, and long-term
survival. Finally, the anatomic-characteristics provided by the Targeted Vascular module
were only available for a subset of our cohort. Consequently, we were unable to adjust for all
the initially identified predictive factors in the subanalysis to avoid over-fitting the model.
However, sensitivity analysis demonstrated that aneurysm diameter remained significant
when adjusting for factors that were most predictive in the overall cohort (i.e. age, gender,
non-white race, obesity).

In conclusion, this study demonstrated that conversion to open repair after failed EVAR is
associated with substantially increased perioperative mortality, as well as a higher rate of
complications such as myocardial infarction and need for dialysis. Multivariable analysis
showed that in addition to large diameter of the aneurysm, young age, female gender, and
non-white race are associated with conversion surgery, while obesity is inversely related to
conversion.
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Factors associated with conversion

Overall cohort OR 95%Cl P-value
Age (per 10 year decrease) 1.2 11-14 .001
Female gender 15 12-20 .002
Race
non-white 18 13-26 .001
unknown 11 08-17 531
Diabetes 0.7 05-1.0 .074
BMI >30 0.7 05-09 .008
Targeted Variables®
Aneurysm diameter 11 10-11 0.002

A subanalysis of patients captured in the Targeted NSQIP (N=50 and N=4505, respectively for conversion and EVAR cases)
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