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Open conversion after failed endovascular aneurysm repair is

increasing and its 30-day mortality is higher than that after primary

open repair

Mudathir Ibrahim, MD,a Michael Silver, MS,b Theresa Jacob, MPH, PhD,a,c Melissa Meghpara, DO,a

Mahmoud Almadani, MD,a Alexander Shiferson, DO,a Robert Rhee, MD,a and Qinghua Pu, MD,a Brooklyn, NY
ABSTRACT
Background: Endovascular aneurysm repair (EVAR) has become the preferred treatment of abdominal aortic aneurysms
(AAAs). Recent studies have demonstrated that cases of EVAR failure repair and subsequent open conversion have
increased. The aim of the present study was to evaluate the national trend of annual cases and assess the 30-day out-
comes of conversion to open repair after failed EVAR compared with primary open repair.

Methods: The National Surgical Quality Improvement Program database was queried for relevant Current Procedural
Terminology and International Classification of Diseases, Ninth and Tenth Revision, codes to identify patients who had
undergone conversion to open repair or primary open repair of nonruptured AAAs from 2009 to 2018. The annual trend of
cases was assessed, and the perioperative outcomes of both procedures were compared. Multivariable logistic regression
analyses were conducted to identify independent perioperative factors associated with mortality.

Results: Of the 9635 patients with nonruptured AAAs included in the present analysis, 9250 had undergone primary repair
and 385 had required open conversion. During the 10-year period, the annual number of cases of open conversion had
steadily increased and that of primary repair had decreased. The incidence of postoperative complications was similar
between both groups, except for cardiac arrest, which had occurred more frequently in the open conversion group. The
30-day mortality was higher in the open conversion group than in the primary group (9.6% vs 3.9%; P < .0001). Open
conversion was also independently associated with higher odds of death (adjusted odds ratio [OR], 2.1; 95% confidence
interval [CI], 1.8-2.4; P < .0001). When the averagemortality in both groups was compared between the first and last 5 years,
no difference was found (open conversion: 9.8% vs 9.5% [P¼ 1.00]; primary repair: 3.6% vs 4.2% [P ¼ .19]). Other perioperative
factors independently associated with mortality included increased age (OR, 1.8; 95% CI, 1.5-2.1; P < .0001), American Society
of Anesthesiologists class $III (OR, 2.7; 95% CI, 1.1-6.6; P ¼ .029), insulin-dependent diabetes (OR, 2.0; 95% CI, 1.2-3.3; P ¼ .005),
chronic obstructive pulmonary disease (OR, 1.4; 95% CI, 1.1-1.8; P ¼ .006), the presence of dyspnea at rest (OR, 3.3; 95% CI,
1.8-6.1; P < .0001), and a high preoperative hematocrit (OR, 0.94; 95% CI, 0.93-0.97; P < .0001).

Conclusions: Open conversion to treat nonruptured AAAs after failed EVAR was independently associated with higher
mortality. Also, the annual cases of open conversion have continued to increase without any significant changes in
postoperative mortality. This highlights the danger of open conversion and stresses the need for better solutions to
prevent and manage EVAR failure. (J Vasc Surg 2022;76:1502-10.)

Keywords: Endovascular aneurysm repair; Nonruptured abdominal aortic aneurysm; Open conversion; Postoperative
complications; Risk factors
Endovascular aneurysm repair (EVAR) has changed the
management of abdominal aortic aneurysms (AAAs)
since its advent in 1991.1 It has become the first-line repair
modality for 70% to 80% of patients with nonruptured
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AAAs,2,3 with recent expansion to the treatment of
ruptured AAAs.4 This has resulted from its demonstrated
advantages in short- andmid-termmorbidity andmortal-
ity compared with primary open repair.5 However, in the
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ARTICLE HIGHLIGHTS
d Type of Research: A retrospective analysis of pro-
spectively collected data from the National Surgical
Quality Improvement Program

d Key Findings: The results from the present study of
9625 patients have demonstrated that cases of con-
version to open repair after failed endovascular aneu-
rysm repair increased and cases of primary open
repair had decreased from 2009 to 2018. The pa-
tients in the open conversion group had had higher
odds of death within 30 days after surgery compared
with the primary repair group. The odds of death
were even greater for older patients and those with
a higher American Society for Anesthesiologists clas-
sification, chronic obstructive pulmonary disease,
insulin-dependent diabetes, or dyspnea at rest.
Despite the increase in open conversion, no change
was found in the associated mortality over time.

d Take Home Message: The incidence of open conver-
sion after failed endovascular aneurysm repair of
nonruptured abdominal aortic aneurysms had not
only increased but was also associated with
increased mortality.
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long term, the durability of EVAR has remained chal-
lenged by aneurysm- and graft-related complications
such as endoleaks and stent graft migration. These com-
plications have resulted in an increased need for aortic-
based reinterventions, especially when used for patients
with unsuitable anatomy or outside the instructions for
use (IFU) for the devices.6,7 Although reintervention can
usually be performed successfully using an endovascular
technique such as arterial embolization and graft exten-
sion or relining, conversion to open repair can be required
in 0.4% to 22% of cases.8,9 Open conversion is associated
with unique technical challenges, including difficult
dissection, vascular control, and graft explantation.10

Furthermore, patients presenting after failed EVAR could
represent a high surgical risk cohort, given that open sur-
gery was avoided initially as the primary treatment option
for some of these patients. Although recent studies have
reported an increasing incidence of open conversion, con-
clusions regarding its perioperative outcomes have
remained conflicting.11-14 Therefore, the aim of the present
study was to evaluate the current trend of annual cases
and assess the 30-day outcomes of nonurgent conversion
to open repair after failed EVAR compared with those of
primary open repair of nonruptured AAAs. Furthermore,
a multivariable regression model was used to identify
the risk factors associated with mortality in this cohort.

METHODS
Data source. We used data from the National Surgical

Quality Improvement Program (NSQIP) database for the
present study. The NSQIP is a quality improvement
initiative developed by the American College of Sur-
geons as a risk-adjusted surgical outcomes database.
As of 2022, about 700 hospitals were participating, both
nationally and internationally, from which standardized
and validated perioperative data are prospectively
collected from a random sample of patients by
dedicated surgical clinical reviewers.15,16 More than 200
variables are collected in the database in the following
categories: preoperative characteristics (eg, de-
mographics, comorbidities, and laboratory tests, if
applicable), intraoperative data points, and post-
operative outcomes.17 The postoperative outcomes are
collected for 30 days after the procedure and include
the following categories: overall mortality, overall com-
plications, cardiac complications, cerebrovascular
complications, pulmonary complications (eg, pneu-
monia, prolonged intubation [>48 hours after the pro-
cedure], unplanned intubations, pulmonary embolism,
venous thrombosis), bleeding and transfusion, renal
dysfunction, and surgical site infections (eg, superficial,
fascia, and deep organ space infections).17,18 Additional
outcomes include readmission and return to the oper-
ating room. The database is devoid of any protected
health information because all entered data have been
de-identified. Therefore, institutional review board
approval and patient informed consent were not
required for the present study.

Patient identification. All patients who had undergone
nonurgent conversion to open repair after failed EVAR or
primary open repair of nonruptured AAAs from January
2009 to December 2018 were included in the present
study. The International Classification of Diseases (ICD),
9th and 10th Revision, codes (ICD-10 codes, I71.4, I71.9;
and ICD-9 codes, 441.4 and 441.9) were used to query
the NSQIP database for patients with a postoperative
diagnosis of a nonruptured AAA. These patients were
divided into two groups according to the procedure
used. The procedures were identified using the Current
Procedural Terminology (CPT) codes, including CPT
codes 35081 (repair of abdominal aorta), 35091 (repair
involving visceral vessels), 35102 (repair involving iliac
vessels) for primary open repair of nonruptured AAAs and
34830 (conversion with tube prosthesis), 34831 (conver-
sion with aorto-bi-iliac prosthesis), 34832 (conversion with
aortobifemoral prosthesis) for open conversion after
failed EVAR. The CPT codes for conversion also encom-
passed attempted EVAR in the case of acute conversion.
Therefore, the study cohort was considered a combina-
tion of acute and late conversion because we could not
discriminate between the two. The patients were iden-
tified from both the general and the vascular-targeted
NSQIP participant use file.
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Fig 1. From 2009 to 2018, we found an upward trend in
the annual number of cases of conversion to open repair
with a downward trend in the number of cases of primary
open repair for nonruptured abdominal aortic aneurysms
(AAAs).
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Data and outcomes. Data on the baseline characteris-
tics, intraoperative details, and postoperative outcomes
were retrieved and analyzed for both groups. The
primary outcomes included the annual trend of both
procedures over time and differences in 30-day overall
mortality. The secondary outcomes included the differ-
ences in postoperative complications and identification
of the risk factors associated with mortality.

Statistical analysis. All categorical baseline characteris-
tics were summarized as frequencies and percentages
and compared across groups using a c2 test of indepen-
dence. Because of the non-normal nature of biologic
data, all numeric predictors and continuous outcomes
were summarized as the median and interquartile range
and compared across groups using the Mann-Whitney U
test. Composite outcomes were created by assessing
whether any of the sub-outcomes were present for each
patient. A binary outcome was created as the presence of
any sub-outcome. All binary outcomes were compared
across groups using the c2 test of independence.
Univariable logistic regression models were used to

assess the relationship between the predictors and
30-day mortality. All statistically significant univariable
predictors at the a level of 0.05 were included in a multi-
variable model to predict their relationship with 30-day
mortality. Stratified Poisson regression models were
created to model the number of cases annually. The
model was stratified by primary vs open conversion pro-
cedures, with the year used as the predictor. All analyses
considered a ¼ 0.05, and the results were not adjusted
for multiple comparisons. Analyses were conducted us-
ing SPSS, version 27 (IBM Corp, Armonk, NY).

RESULTS
Annual trend of cases. Data from 9625 patients (pri-

mary open repair, n ¼ 9250; and conversion to open
repair, n ¼ 385) were identified and analyzed. During
the 10-year study period, the annual number of cases of
conversion to open repair had steadily increased and
that of primary open repair had decreased (Fig 1). When a
stratified Poisson regression model was used to conduct
a test of trend over time, we found a statistically signifi-
cant annual increase in the number of conversions to
open repair [exp(b) ¼ 1.06; 95% confidence interval (CI),
1.02-1.10; P < .0001] and an annual decline in the number
of cases of primary open repair [exp(b) ¼ 0.97; 95% CI,
0.99-0.98; P < .0001].

Baseline characteristics. The patients’ baseline charac-
teristics are presented in Table I. The patients in the open
conversion group were slightly older (72 vs 71 years;
P < .0001) and more frequently were aged $80 years
(21% vs 14.1%; P < .0001). Both groups were similar in the
sex distribution but more Asians were in the open con-
version group (5.2% vs 2%; P < .0001) than in the primary
repair group.
The baseline comorbidities were mostly similar in both
groups, except that more patients in the open conver-
sion group were likely to have dyspnea at rest (1.8% vs
0.9%; P ¼ .04). They were also more likely to be classified
as having American Society of Anesthesiologists (ASA)
class $III (97.9% vs 95.2%; P ¼ .013) and to have received
a preoperative transfusion (2.6% vs 1.2%; P ¼ .01)
compared with the primary repair group. However, the
proportion of smokers in the primary repair group was
higher than that in the open conversion group (47% vs
37%; P < .0001).

Intraoperative events. Intraoperatively, conversion to
open repair was associated with a significantly longer
median operative time compared with primary open
repair (244 vs 217 minutes; P < .0001).

Postoperative complications. In terms of the postoper-
ative complications, only cardiac arrest requiring resusci-
tation was found to have occurred more frequently in
the open conversion group than in the primary repair
group (5.5% vs 2.2%; P < .0001). The occurrence of other
complications such as wound infection, sepsis, stroke,
cerebrovascular accident, bleeding, transfusion require-
ment, myocardial infarction, pneumonia, pulmonary em-
bolism, renal insufficiency, renal failure, and a return to
the operating room were all similar in both groups. The
hospital length of stay was also similar between both
groups (Table II).

Thirty-day mortality. The 30-day mortality was signifi-
cantly higher in the open conversion group than that in
the primary repair group (9.6% vs 3.9%; P < .0001;
Table II). When the average mortality in both groups was
compared between the first and last 5 years of the study
period, we found no differences (open conversion: 9.8%
vs 9.5% [P ¼ 1.00]; primary repair: 3.6% vs 4.2% [P ¼ .19];
Fig 2). After adjusting for possible confounders in a
multivariable logistic regression analysis, conversion to
open repair was independently associated with a greater
odds of death compared with primary open repair
(OR, 2.2; 95% CI, 1.5-3.2; P < .0001). This finding remained



Table I. Demographics and comorbidities (n ¼ 9635)

Variable
Primary open

repair (n ¼ 9250)
Conversion to open

repair (n ¼ 385) P value

Age, years 71 (65-76) 72 (67-78) <.0001

Age group, years <.0001

<50 109 (1.2) 5 (1.3)

50-59 841 (9.1) 27 (7)

60-69 3191 (34.5) 106 (27.5)

70-79 3808 (41.2) 166 (43.1)

$80 1301 (14.1) 81 (21)

Sex .5325

Female 2388 (25.8) 94 (24.4)

Male 6855 (74.2) 291 (75.6)

Race

Asian/Pacific Islander 189 (2) 20 (5.2) <.0001

Black/African American 470 (5.1) 22 (5.7)

White 7004 (75.7) 294 (76.4)

Unknown/other 1587 (17.2) 49 (12.7)

ASA class $III 8794 (95.2) 376 (97.9) .013

Preoperative BUN, mg/dL 17 (13-22) 17 (14-21) .6963

Preoperative creatinine, mg/dL 1 (0.9-1.2) 1 (0.8-1.2) .517

Preoperative hematocrit, % 41 (37.7-44) 40 (36.1-44) .0066

Preoperative PTT 29.4 (27-32.2) 29.3 (27.1-32) .7511

Preoperative INR 1 (1-1.1) 1 (1-1.1) .0741

Preoperative WBC count, K/mL 7.5 (6.3-9) 7.3 (5.8-8.9) .0051

Smokinga 4324 (46.7) 141 (36.6) <.0001

Obesity 2570 (27.8) 99 (25.7) .374

Functional status .371

Independent 9038 (97.7) 373 (96.9)

Partial and total dependence 194 (2.1) 11 (2.9)

Unknown 18 (0.2) 1 (0.3)

Insulin-dependent diabetes 235 (2.5) 8 (2.1) .5706

History of COPD 1805 (19.5) 69 (17.9) .4395

History of CHF 115 (1.2) 3 (0.8) .4173

History of renal failure 36 (0.4) 2 (0.5) .6894

Renal failure requiring dialysis 71 (0.8) 5 (1.3) .2484

Preoperative transfusion 107 (1.2) 10 (2.6) .0114

Dyspnea .0489

None 7672 (82.9) 328 (85.2)

At rest 82 (0.9) 7 (1.8)

On moderate exertion 1496 (16.2) 50 (13)

Preoperative weight loss 128 (1.4) 7 (1.8) .4774

Steroid use 270 (2.9) 17 (4.4) .0905

ASA, American Society of Anesthesiologists; BUN, blood urea nitrogen; COPD, chronic obstructive pulmonary disease; INR, international normalized
ratio; PTT, partial thromboplastin time; WBC, white blood cell.
Data presented as median (interquartile range) or number (%).
aSmoking within 1 year of surgery.
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unchanged after an inverse propensity score-weighted
analysis (OR, 2.15; 95% CI, 1.8-2.4; P < .0001; Fig 3).
The other perioperative factors associated with a higher

odds of mortality on multivariable analysis for the overall
cohort were older age (OR, 1.8; 95% CI, 1.5-2.1; P < .0001),
ASA class $III (OR, 2.7; 95% CI, 1.1-6.6; P ¼ .029), insulin-
dependent diabetes (OR, 2.2; 95% CI, 1.2-3.3; P ¼ .005),
chronic obstructive pulmonary disease (COPD; OR, 1.4;



Table II. Postoperative outcomes (n ¼ 9635)

Variable
Primary open

repair (n ¼ 9250)
Conversion to open

repair (n ¼ 385) P value

Total operation time, minutes 217 (168-287) 244 (175-320) <.0001

Hospital LOS, days 7 (6-10) 7 (5-10) .4855

Stroke/CVA 82 (0.9) 6 (1.6) .1745

Cardiac arrest requiring resuscitation 205 (2.2) 21 (5.5) <.0001

Transfusion .4798

Postoperative 34 (0.4) 0 (0)

Intraoperative 5118 (55.3) 216 (56.1)

Cardiopulmonary complications 1585 (17.1) 78 (20.3) .1119

Pneumonia 661 (7.1) 37 (9.6) .0676

Reintubation 617 (6.7) 28 (7.3) .643

Pulmonary embolism 53 (0.6) 2 (0.5) .8914

Failure to wean 871 (9.4) 43 (11.2) .2502

Myocardial infarction 298 (3.2) 17 (4.4) .1968

Renal complications 589 (6.4) 29 (7.5) .3607

Renal failure 374 (4) 20 (5.2) .2636

Renal insufficiency 237 (2.6) 9 (2.3) .7844

Wound complications 392 (4.2) 17 (4.4) .8654

Superficial incisional SSI 151 (1.6) 7 (1.8) .7786

Deep incisional SSI 52 (0.6) 4 (1) .2279

Organ/space SSI 81 (0.9) 3 (0.8) .8419

Wound disruption 136 (1.5) 5 (1.3) .7836

Sepsis 230 (2.5) 11 (2.9) .6482

Any complication .200

0 3359 (36.3) 131 (34.0)

1 3890 (42.1) 156 (40.5)

$2 2001 (21.6) 98 (25.5)

Return to OR #30 days 824 (8.9) 43 (11.2) .1288

30-Day mortality 360 (3.9) 37 (9.6) <.0001

CVA, Cerebrovascular accident; LOS, length of stay; OR, operating room; SSI, surgical site infection.
Data presented as median (interquartile range) or number (%).
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95% CI, 1.1-1.8; P ¼ .006), and the presence of dyspnea at
rest (OR, 3.3; 95% CI, 1.8-6.1; P < .0001). In contrast, a high
preoperative hematocrit (OR, 0.95; 95% CI, 0.93-0.97;
P < .0001) was associated with a decreased odds of
mortality (Fig 3).

DISCUSSION

Principal findings
Analysis of 10-year data from the NSQIP database of

patients with nonruptured AAAs treated with either
nonurgent conversion to open repair after failed EVAR
or primary open repair without prior EVAR demonstrated
that the annual number of cases of conversion to open
repair had increased and the number of cases of primary
open repair had decreased. Furthermore, the patients
who had required open conversion had been older
and frailer. Although the incidence of postoperative
complications were mostly similar between both groups,
the patients in the open conversion group had had
higher odds of death within 30 days after surgery
compared with that for the primary group. The odds of
death were even higher if the patients were older or
had had a higher ASA class, COPD, insulin-dependent
diabetes, or dyspnea at rest. However, despite the
increased number of cases of open conversion, we found
no change in the associated mortality over time.

Annual trend of cases over time
Although the findings of a decreasing number of cases

of nonurgent primary open repair and an increasing
number of cases of nonurgent conversion to open repair
of nonruptured AAAs were interesting, they seem ex-
pected and, to some extent, self-explanatory. Worldwide,
EVAR has become the dominant form of elective AAA
repair since its advent in 1991.1-3 Also, with the continuous
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innovation and advancement of EVAR technology (eg,
fenestrated devices), surgeons have been able to go
beyond previous boundaries and chose to use EVAR for
patients with more complex anatomy and clinical situa-
tions.19 The expansion in indication and increased usage
of EVAR would, therefore, be expected to result in less
use of primary open repair, hence, the declining cases
over time.
Additionally, because the number of patients undergo-

ing EVAR has been increasing, it should not be surprising
that the number of cases of open conversion after failed
EVAR will also be increasing. This finding is in alignment
with the results of several other studies.11-14,20 Although
EVAR has been proved to be beneficial in the short
term, the durability of EVAR has remained challenged
by the occurrence of aneurysm- and device-related com-
plications resulting in the need for aortic-based reinter-
vention in the long term.6,7,21 Although most of the
reinterventions can be performed successfully with the
available endovascular options, some patients will still
require conversion to open repair.8,9 The reported inci-
dence of open conversion was 1.9% in 2010 and 5.4% in
2018.12,22 The possible explanations for this increment
include the increased adoption of EVAR in younger age
groups, its use for patients with complex and unsatisfac-
tory anatomy, and its increased use outside the device
manufacturers’ IFU. It has been reported that IFU
violation will occur in 38% to 68% of EVAR cases and is
associated with increased adverse events and reinterven-
tion.6,7,23 Therefore, our finding of an increasing number
of cases of open conversion and its association with
worse outcomes raises concerns regarding patient selec-
tion for the initial AAA repair. One finding from the pre-
sent study was the proportion of Asians noted in the
open conversion group compared with the primary
repair group (5.2% vs 2%; P < .0001). This was relatively
high, given that only 2.5% of EVAR cases were for Asian
patients, according to a NSQIP study.24 Asian patients
have been reported to have more challenging aortoiliac
anatomy (shorter aneurysm neck and common iliac ar-
tery, torturous infrarenal aorta, and smaller external iliac
artery) compared with patients of other races, posing
technical difficulties for EVAR.25 This might have contrib-
uted to an increased risk of graft failure, resulting in more
Asians requiring open conversion.

Outcomes
Intraoperative details. The average operation time for

conversion to open repair was longer than that for pri-
mary open repair. Similar results have been reported by
other studies.26,27 Open conversion is understandably a
complex procedure associated with unique challenges.
These include the presence of periaortic inflammation,
active endoleaks, and the endograft and possibly other
associated secondary endovascular devices, such as coils
and extension cuffs. All of these can increase the diffi-
culty of dissection and the establishment of adequate
vascular control and graft explantation.9,28

Postoperative complications. Although the patients in
the open conversion group were older and frailer at base-
line and had had longer operation times, the occurrence
of major postoperative complications remained similar
in both groups. The exception was cardiac arrest
requiring resuscitation, which had occurred more
frequently in the open conversion group. In contrast,
Ultee et al13 reported a higher complication rate in the
open conversion group compared with the primary
repair group. Although they had also used data from the
NSQIP database, the study period was relatively old and
the divergences noted could have resulted from recent
advancements and improvements in perioperative
monitoring and treatment. The extent of endograft
explantation (total vs partial) performed in the open
conversion procedure has also been linked to the inci-
dence of postoperative complications, with partial
explantation more favorable than total explantation,
especially when repair was not indicated for infec-
tion.29,30 However, we did not obtain data regarding the
extent of explantation performed and, therefore, could
not comment with certainty whether the observed
difference was related to the explantation extent.
Thirty-day mortality. The mortality rate within 30 days

after surgery was significantly higher in the open conver-
sion group than in the primary repair group (9.6% vs
3.9%; P < .0001). In the literature, the variation in the re-
ported mortality is significant for nonurgent conversion
to open repair, with a range of 0% to 28.5%.20,31-33 The
variation could have been because most of the reported
studies had been single-center investigations with small
sample sizes, limiting their quality and generalizability.
Although our finding of a 9.6% mortality rate in the open
conversion group is in line with the results from other
larger studies,13,22 it is in contrast to the findings of a
recent pooled meta-analysis. The meta-analysis reported
a 30-day mortality rate of 2.8% for nonurgent conversion



Fig 3. Forest plot demonstrating the results of the multivariable analysis. ASA, American Society of Anesthesiol-
ogists; HCT, hematocrit; HX: CHF, history of congestive heart failure; HX: COPD, history of chronic obstructive
pulmonary disease.
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to open repair and concluded that the outcomes of
primary open repair and conversion to open repair are
comparable.12 However, the meta-analysis had included
only 10 studies with a total of 156 patients. In addition, the
investigators reported that the studies were appraised to
be of low quality.12

The multivariable analysis demonstrated that conver-
sion to open repair was independently associated with
a higher odds of death. This finding remained
unchanged even after applying inverse-weighted pro-
pensity matching to create an equally matched group.
A similar association was also reported by Ultee et al.13

Other factors that were identified to independently in-
crease the odds of death included COPD, insulin-
dependent diabetes, a high ASA class, dyspnea at rest,
and older age. For every 10-year increment in age, the
odds of death were 80% higher. When considering the
correlations between the occurrence of complications
and mortality, it is important to consider, not only the
rate of occurrence, but also the severity.34 Older age
and higher ASA class have been associated with a
greater severity of complications and mortality in surgi-
cal patients.35,36 A recent study by Chastant et al30

showed that most of the patients who had died after
conversion to open repair had been 8 years older than
those who had survived (84.5 vs 76.5 years). Considering
that more patients in the open conversion group were
also older and had had dyspnea at rest and a higher
ASA class might explain why they had had more than
twice the mortality compared with the patients in the
primary open repair group, despite a similar rate of major
complications. A higher preoperative hematocrit was
found to be a protective factor against mortality. These
findings further stress the importance of patient optimi-
zation and reconditioning before surgery, especially for
nonemergent cases.
Finally, a comparison of the average mortality between

the first and last 5 study years showed that the mortality
in both groups had remained unchanged over time,
signifying that conversion to open repair remains a risky
procedure and that better solutions are needed to pre-
vent and treat EVAR failure.

Study limitations
We would recommend caution with the interpretation

of the results of our study for the following reasons. First,
data for patients from both the general (nonvascular-tar-
geted) and vascular-targeted NSQIP dataset were used,
limiting the critical evaluation of the technical aspects
of the procedures and information on the specific indica-
tions for conversion to open repair, both of which could
have affected the studied outcomes. Second, given that
the CPT codes for conversion also encompass attempted
EVAR in the case of acute conversion, cases of acute and
late conversion could not be differentiated, making the
study cohort a combination of both. Third, it is unclear
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whether the available CPT codes for open conversion will
identify patients who had undergone open aneurysmor-
rhaphy and sac plication with stent graft preservation;
therefore, the conversion group could have included
such cases. Fourth, although the NSQIP dataset is
compiled by trained dedicated clinical reviewers, the
accuracy of the data could not be verified. Fifth, although
the NSQIP data are required in prospective fashion, our
analysis was retrospective and, therefore, susceptible to
missing information. Sixth, the NSQIP dataset comprises
clinical practice from multiple institutions and countries;
therefore, we could not control for the effect of variations
in practice. Finally, the NSQIP database has only recently
included readmission data; however, the NSQIP data-
base still does not include information on long-term
data, limiting the assessment of late reintervention rates
or long-term survival.
Despite these limitations, our study represents one of

themost recent and largest collection of data comparing
conversion to open repair after failed EVAR with primary
open repair and providing important information
regarding their trends and outcomes. Given its large
sample size and the use of prospective data registry
with wide coverage across the United States and interna-
tionally, the results are likely more generalizable.

CONCLUSIONS
The results from the present study have demonstrated

that conversion to open repair for nonruptured AAAs is
associated with increased mortality. The annual number
of cases of open conversion have also continued to in-
crease over timewithout significant changes in associated
mortality. This highlights the danger of open conversion
and stresses the need for better solutions to prevent and
manage EVAR failure. We encourage the consideration
of factors such as patient age, preference, surgical risk
and tolerance, and anatomy when choosing the optimal
treatment method for those with nonruptured AAAs.

AUTHOR CONTRIBUTIONS
Conception and design: MI, QP
Analysis and interpretation: MI, MS, TJ, MM, MA, AS, RR, QP
Data collection: MI, QP
Writing the article: MI, MS, QP
Critical revision of the article: MI, MS, TJ, MM, MA, AS, RR,

QP
Final approval of the article: MI, MS, TJ, MM, MA, AS, RR, QP
Statistical analysis: MS
Obtained funding: Not applicable
Overall responsibility: QP
RR and QP contributed equally to this article and share

co-senior authorship.

REFERENCES
1. Parodi JC, Palmaz JC, Barone HD. Transfemoral intraluminal graft

implantation for abdominal aortic aneurysms. Ann Vasc Surg 1991;5:
491-9.
2. Schermerhorn ML, Buck DB, O’Malley AJ, Curran T, McCallum JC,
Darling J, et al. Long-term outcomes of abdominal aortic aneurysm
in the Medicare population. N Engl J Med 2015;373:328-38.

3. Dua A, Kuy S, Lee CJ, Upchurch GR Jr, Desai SS. Epidemiology of
aortic aneurysm repair in the United States from 2000 to 2010.
J Vasc Surg 2014;59:1512-7.

4. Badger S, Forster R, Blair PH, Ellis P, Kee F, Harkin DW. Endovascular
treatment for ruptured abdominal aortic aneurysm. Cochrane
Database Syst Rev 2017;5:CD005261.

5. United Kingdom EVAR Trial Investigators, Greenhalgh RM, Brown LC,
Powell JT, Thompson SG, Epstein D, et al. Endovascular versus open
repair of abdominal aortic aneurysm. N Engl J Med 2010;362:1863-71.

6. PatelSR,AllenC,GrimaMJ,BrownriggJRW,PattersonBO,HoltPJE,etal.
A systematic reviewofpredictorsof reinterventionafterEVAR:guidance
for risk-stratified surveillance. Vasc Endovascular Surg 2017;51:417-28.

7. Schanzer A, Greenberg RK, Hevelone N, Robinson WP, Eslami MH,
Goldberg RJ, et al. Predictors of abdominal aortic aneurysm sac
enlargement after endovascular repair. Circulation 2011;123:2848-55.

8. Harris PL, Vallabhaneni SR, Desgranges P, Becquemin JP, Van
Marrewijk C, Laheij RJ. Incidence and risk factors of late rupture,
conversion, and death after endovascular repair of infrarenal aortic
aneurysms: the EUROSTAR experience. J Vasc Surg 2000;32:739-49.

9. Kelso RL, Lyden SP, Butler B, Greenberg RK, Eagleton MJ, Clair DG.
Late conversion of aortic stent grafts. J Vasc Surg 2009;49:589-95.

10. Chaar CI, Eid R, Park T, Rhee RY, Abu-Hamad G, Tzeng E, et al.
Delayed open conversions after endovascular abdominal aortic
aneurysm repair. J Vasc Surg 2012;55:1562-99.e1.

11. Dubois L, Harlock J, Gill HL, Chen JC, Rheaume P, Jetty P, et al.
A Canadian multicenter experience describing outcomes after
endovascular abdominal aortic aneurysm repair stent graft explan-
tation. J Vasc Surg 2021;74:720-8.e1.

12. Goudeketting SR, Fung Kon Jin PHP, Ünlü Ç, de Vries JPM. System-
atic review and meta-analysis of elective and urgent late open
conversion after failed endovascular aneurysm repair. J Vasc Surg
2019;70:615-28.e7.

13. Ultee KH, Soden PA, Zettervall SL, Darling J, Verhagen HJ,
Schermerhorn ML. Conversion from endovascular to open abdom-
inal aortic aneurysm repair. J Vasc Surg 2016;64:76-82.

14. Kouvelos G, Koutsoumpelis A, Lazaris A, Matsagkas M. Late open
conversion after endovascular abdominal aortic aneurysm repair.
J Vasc Surg 2015;61:1350-6.

15. American College of Surgeons. Frequently asked questions. Avail-
able at: https://www.facs.org/quality-programs/data-and-regist
ries/acs-nsqip/faq/. Accessed July 12, 2022.

16. Khuri SF, Daley J, Henderson W, Hur K, Demakis J, Aust JB, et al. The
Department of Veterans Affairs’ NSQIP: the first national, validated,
outcome-based, risk-adjusted, and peer-controlled program for the
measurement and enhancement of the quality of surgical care.
National VA Surgical Quality Improvement Program. Ann Surg
1998;228:491-507.

17. American College of Surgeons National Surgical Quality Improvement
Program. Users Guide for the 2019 ACSNSQIP Participant Use Data File
(PUF). Available at: https://www.facs.org/-/media/files/quality programs/
nsqip/nsqip_puf_userguide_2019.ashx. Accessed April 17, 2021.

18. CohenME, Liu Y, Ko CY, Hall BL. Improved surgical outcomes for ACS
NSQIP hospitals over time. Ann Surg 2016;263:267-73.

19. Verhoeven EL, Tielliu IF, Bos WT, Zeebregts CJ. Present and future of
branched stent grafts in thoracoabdominal aortic aneurysm repair: a
single-centre experience. Eur J Vasc Endovasc Surg 2009;38:155-61.

20. Joo HC, Lee SH, Chang BC, Lee S, Yoo KJ, Youn YN. Late open con-
version after endovascular abdominal aortic repair: a 20-year expe-
rience. J Cardiovasc Surg 2019;60:73-80.

21. Tong MZ, Eagleton MJ, Roselli EE, Blackstone EH, Xiang F, Ibrahim M,
et al. Outcomes of open v. endovascular repair of descending
thoracic and thoracoabdominal aortic aneurysms. Ann Thorac Surg
2022;113:1144-52.

22. Moulakakis KG, Dalainas I, Mylonas S, Giannakopoulos TG,
Avgerinos ED, Liapis CD. Conversion to open repair after endograft-
ing for abdominal aortic aneurysm: a review of causes, incidence,
results, and surgical techniques of reconstruction. J Endovasc Ther
2010;17:694-702.

23. Oliveira-Pinto J, Oliveira N, Bastos-Gonçalves F, Hoeks S, van Rijn MJ,
Ten Raa S, et al. Long-term results of outside "instructions for use"
EVAR. J Cardiovasc Surg 2017;58:252-60.

http://refhub.elsevier.com/S0741-5214(22)01638-X/sref1
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref1
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref1
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref2
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref2
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref2
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref3
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref3
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref3
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref4
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref4
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref4
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref5
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref5
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref5
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref6
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref6
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref6
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref7
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref7
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref7
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref8
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref8
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref8
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref8
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref9
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref9
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref10
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref10
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref10
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref11
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref11
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref11
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref11
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref12
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref12
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref12
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref12
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref13
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref13
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref13
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref14
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref14
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref14
https://www.facs.org/quality-programs/data-and-registries/acs-nsqip/faq/
https://www.facs.org/quality-programs/data-and-registries/acs-nsqip/faq/
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref16
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref16
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref16
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref16
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref16
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref16
https://www.facs.org/-/media/files/quality%20programs/nsqip/nsqip_puf_userguide_2019.ashx
https://www.facs.org/-/media/files/quality%20programs/nsqip/nsqip_puf_userguide_2019.ashx
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref18
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref18
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref19
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref19
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref19
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref20
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref20
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref20
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref21
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref21
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref21
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref21
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref22
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref22
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref22
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref22
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref22
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref23
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref23
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref23


1510 Ibrahim et al Journal of Vascular Surgery
December 2022
24. Mahmood E, Matyal R, Mueller A, Mahmood F, Tung A, Montealegre-
Gallegos M, et al. Multifactorial risk index for prediction of intra-
operative blood transfusion in endovascular aneurysm repair. J Vasc
Surg 2018;67:778-84.

25. Banzic I, Lu Q, Zhang L, Stepak H, Davidovic L, Oszkinis G, et al.
Morphological differences in the aortoiliac segment in AAA patients
of Caucasian and Asian origin. Eur J Vasc Endovasc Surg 2016;51:
783-9.

26. Scali ST, McNally MM, Feezor RJ, Chang CK, Waterman AL, Berceli SA,
et al. Elective endovascular aortic repair conversion for type Ia
endoleak is not associated with increased morbidity or mortality
compared with primary juxtarenal aneurysm repair. J Vasc Surg
2014;60:286-94.e1.

27. Mohapatra A, Robinson D, Malak O, Madigan MC, Avgerinos ED,
Chaer RA, et al. Increasing use of open conversion for late compli-
cations after endovascular aortic aneurysm repair. J Vasc Surg
2019;69:1766-75.

28. McArthur C, Teodorescu V, Eisen L, Morrissey N, Faries P, Hollier L,
et al. Histopathologic analysis of endovascular stent grafts from pa-
tients with aortic aneurysms: does healing occur? J Vasc Surg
2001;33:733-8.

29. Gambardella I, Blair PH, McKinley A, Makar R, CollinsA, Ellis PK, et al.
Successful delayed secondary open conversion after endovascular
repair using partial explantation technique: a single-center experi-
ence. Ann Vasc Surg 2010;24:646-54.
30. Chastant R, Canaud L, Ozdemir BA, Aubas P, Molinari N, Picard E,
et al. Elective late open conversion after endovascular aneurysm
repair is associated with comparable outcomes to primary open
repair of abdominal aortic aneurysms. J Vasc Surg 2021;73:502-9.e1.

31. Jimenez JC, Moore WS, Quinones-Baldrich WJ. Acute and chronic
open conversion after endovascular aortic aneurysm repair: a 14-year
review. J Vasc Surg 2007;46:642-7.

32. Tiesenhausen K, Hessinger M, Konstantiniuk P, Tomka M,
Baumann A, Thalhammer M, et al. Surgical conversion of abdominal
aortic stent graftsdoutcome and technical considerations. Eur J
Vasc Endovasc Surg 2006;31:36-41.

33. Jacobowitz GR, Lee AM, Riles TS. Immediate and late explantation of
endovascular aortic grafts: the endovascular technologies experi-
ence. J Vasc Surg 1999;29:309-16.

34. Silber JH, Rosenbaum PR. A spurious correlation between hospital
mortality and complication rates: the importance of severity
adjustment. Med Care 1997;35(Suppl):OS77-92.

35. Endo I, Kumamoto T, Matsuyama R. Postoperative complications and
mortality: are they unavoidable? Ann Gastroenterol Surg 2017;1:160-3.

36. Hackett NJ, De Oliveira GS, Jain UK, Kim JY. ASA class is a reliable
independent predictor of medical complications and mortality
following surgery. Int J Surg 2015;18:184-90.

Submitted Dec 31, 2021; accepted Apr 27, 2022.

http://refhub.elsevier.com/S0741-5214(22)01638-X/sref24
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref24
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref24
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref24
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref25
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref25
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref25
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref25
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref26
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref26
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref26
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref26
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref26
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref27
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref27
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref27
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref27
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref28
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref28
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref28
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref28
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref29
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref29
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref29
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref29
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref30
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref30
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref30
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref30
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref31
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref31
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref31
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref32
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref32
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref32
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref32
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref33
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref33
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref33
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref34
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref34
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref34
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref35
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref35
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref36
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref36
http://refhub.elsevier.com/S0741-5214(22)01638-X/sref36

	Open conversion after failed endovascular aneurysm repair is increasing and its 30-day mortality is higher than that after  ...
	Methods
	Data source
	Patient identification
	Data and outcomes
	Statistical analysis

	Results
	Annual trend of cases
	Baseline characteristics
	Intraoperative events
	Postoperative complications
	Thirty-day mortality

	Discussion
	Principal findings
	Annual trend of cases over time
	Outcomes
	Intraoperative details
	Postoperative complications
	Thirty-day mortality

	Study limitations

	Conclusions
	Author Contributions
	References


