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Twenty-Year Experience with Aorto-Enteric
Fistula Repair: Gastrointestinal Complications

Predict Mortality

Atish Chopra, MD, Lucyna Cieciura, MD, J Gregory Modrall, MD, FACS, R James Valentine, MD, FACS,
Jayer Chung, MD, MSc, FACS
BACKGROUND: Aorto-enteric fistulas (AEF) represent a lethal subset of aortic graft infections. The optimal man-
agement of AEF remains unclear. We aimed to identify predictors of morbidity and mortality.

STUDY DESIGN: We performed a single-center retrospective review of consecutive AEF repairs. Demographics,
comorbidities, and perioperative variables were obtained. Descriptive statistics, chi-square,
Kruskall-Wallis, and Cox proportional-hazards modeling were used where appropriate.

RESULTS: Between June 1995 and October 2014, 50 patients (30 male; 60%) presented with AEF, with
a median age of 70 years (interquartile range [IQR] 61 to 75 years). Median follow-up for the
entire cohort was 14 months (IQR 5 to 27 months). Thirty-four (68%) subjects underwent
aortic reconstruction with femoral vein; 12 (24%) with extra-anatomic bypass and aortic
ligation; 3 (6%) with rifampin-soaked Dacron graft; and 1 (2%) with cryopreserved aortic
allograft. The duodenum was the most common location of the enteric defect (n ¼ 40, 80%).
Duodenal leak complicated 6 (12%) of the primary enteric repairs, but none of the complex
enteric repairs performed with resection and/or bypass. Twenty-three patients (46%) died by
60 days. Advanced age, chronic renal insufficiency, any complications, and gastrointestinal
(GI) complications (n ¼ 13, 26%) were all associated with an increase in overall mortality on
univariate analysis (p < 0.05). Gastrointestinal complications (hazard ratio [HR] 3.23; 95%
CI 1.27 to 8.25; p ¼ 0.015) and advanced age (HR 1.07; 95% CI 1.01 to 1.13; p ¼ 0.01)
were the only independent predictors of mortality on multivariable regression models.

CONCLUSIONS: Over 20 years, approximately 50% of patients with AEF repairs died within 60 days. Gastro-
intestinal complications increase the risk of mortality more than 3-fold, representing an
attractive surgically modifiable risk factor. Future multicenter studies are required to clarify
optimal methods of arterial and GI reconstruction in AEF. (J Am Coll Surg 2017;225:9e18.
Published by Elsevier Inc. on behalf of the American College of Surgeons.)
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Aorto-enteric fistulas (AEF) are uncommon, but are disas-
trous complications after open and endovascular aortic
operations, with significant morbidity and mortality
ranging between 14% and 75%.1-4 Owing to the low inci-
dence of this subset of aortic graft infections, with <1%
occurring after open aortic reconstructions, identification
of predictors of outcome have been limited,5,6 though it
appears that gastrointestinal (GI) complications after
AEF repair carry a significant risk of mortality.1,7

Management of AEF reconstructions requires
balancing the morbidities of the aortic and enteric repairs
and the extent of tissue debridement against the comor-
bidities of the patient. Numerous management strategies
for the aorta in AEFs exist and have been studied,
including extra-anatomic bypass (EAB) grafting with
aortic ligation and graft removal, in situ aortic
http://dx.doi.org/10.1016/j.jamcollsurg.2017.01.050
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Abbreviations and Acronyms

AAA ¼ abdominal aortic aneurysm
AEF ¼ aorto-enteric fistula
EAB ¼ extra-anatomic bypass
EGD ¼ esophagogastroduodenoscopy
EVAR ¼ endovascular aortic repair
GI ¼ gastrointestinal
HR ¼ hazard ratio
IQR ¼ interquartile range
LOS ¼ length of stay
NAIS ¼ neoaortoiliac system
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reconstruction (with rifampin-soaked Dacron, cryopre-
served allograft, or autogenous femoral vein), and endo-
vascular aortic repair (EVAR). Each strategy has its
unique advantages and disadvantages with respect to the
risk of subsequent mesenteric ischemia due to the length
of time required to perform the aortic reconstruction, the
duration of suprarenal or supraceliac clamping, risk of
reinfection, or potential need to sacrifice critical collateral
vessels such as the inferior mesenteric or hypogastric
arteries.4,8,9

Similarly, several management strategies for the enteric
repair have also been used with no accepted standard.10,11

Simple primary repairs include both stapled and suture
repair of the defect with or without omental flaps. More
complex repairs include resection of the defect with rean-
astomosis, or pyloric exclusion and bypass.7 The influence
of the type of repair on the subsequent risk of GI leak
and/or sepsis is mixed. Some authors suggest that primary
repair of aortoduodenal fistula may increase the risk of
subsequent GI leak, sepsis, and mortality7; other authors
maintain that the type of GI reconstruction has no
bearing on mortality after AEF repair.12

In this context, we aimed to identify predictors of
morbidity and mortality in AEF repairs with both near
and long-term outcomes, and update our previously
reportedoutcomesonAEFs.1Wehypothesized thatGIcom-
plicationswould predictmortality. Secondarily, we aimed to
characterize the risk ofGI leak anddeath between simple pri-
mary repairs, and complex GI repairs over time to evaluate
the effect of growing experience on outcomes.

METHODS
This study was approved by the IRB of the University of
Texas Southwestern Medical Center. Due to the retro-
spective nature of the study and implausibility of contact-
ing all of the subjects, individual patient consent was
waived. We performed a single-center retrospective review
of prospectively collected data on consecutive secondary
AEF reconstructions performed at the University of Texas
Southwestern Medical Center between June 1995 and
October 2014.

Inclusion and exclusion criteria, and demographics

We included all repairs for secondary AEF, defined as
evidence of a direct communication between the anasto-
mosis of an aortic prosthesis and the GI tract by preoper-
ative imaging and/or intraoperative findings.
Paraprosthetic erosions (communication between the GI
tract and aortic graft not involving the aortic anastomosis)
were also included in the definition of AEF because the
outcomes have been shown to be comparable.1 There
were no repairs performed for primary aorto-intestinal fis-
tula during the study period. Patients were excluded if
they did not have either an AEF or paraprosthetic erosion.
Data reviewed included age, sex, medical comorbid-

ities, indication for previous aortic repair, type of aortic
reconstruction, and patient presentation. Intraoperative
variables included the diagnosis (AEF vs paraprosthetic
erosion), time interval from index operation, type of
vascular repair (EAB, rifampin-soaked Dacron, cryopre-
served allograft, neo-aortoiliac system [NAIS] creation),
type of GI repair (simple: 2-layered primary repair �
omental flap; complex: resection with reanastomosis, or
pyloric exclusion with bypass each � omental flap), oper-
ative details (estimated blood loss, transfusion require-
ment, operative duration, and location of proximal
aortic clamping). Postoperative complications (sepsis,
GI leak, myocardial infarction, pneumonia, ischemic
bowel, amputation, reinfection, pancreatitis, paraplegia,
and graft thrombosis), length of stay (LOS; in-hospital
and ICU), length of follow-up, and all-cause mortality.
Loss to follow-up was defined as 3 consecutive missed
appointments to the vascular surgery clinic after discharge
from initial hospitalization.
Decisions regarding preoperative evaluation, intraoper-

ative decisions, and postoperative care were performed at
the discretion of the operating surgeon. There is no stan-
dardized protocol for AEF repair at our institution. The
repairs were all performed after a thorough evaluation
of the patients’ preoperative risk factors and a discussion
with the patient and family regarding their wishes. The
majority of arterial repairs were performed by 2 primary
surgeons who, over the past 2 decades, most frequently
used autogenous femoral vein to reconstruct the aorta as
an NAIS. Other methods of reconstruction were typically
used if the patients were deemed unsuitable for NAIS
reconstructions, including inadequate size (<6 mm) or
unavailability of vein, urgency of the case, and preference
of the physician.13,14 Specific reasons for each patient
deemed unsuitable for NAIS reconstruction were not
captured in the database. The GI repair type and
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postoperative GI management was also at the discretion
of the attending surgeon, and was usually performed by
a member of the general surgery staff. However, because
GI complications were noted to be an important contrib-
utor to mortality in our previous publications, general
surgery was consulted more frequently after 2007, with
the enteric repair involving 1 of 2 general surgeons. All
of the general surgery consultations were performed intra-
operatively. Typically, the nasogastric tube and nil per os
status were continued until the patient recovered GI func-
tion. Contrast studies to evaluate for a leak at the enteric
repair site were reserved for specific cases, depending on
the index of suspicion of the individual surgeon.
For AEF repairs associated with previous EVARs, the

surgeons most commonly used a reconstraining method
to facilitate device removal in a manner similar to that per-
formed for on-site, physician-modified fenestrated
EVARs.15,16 Typically, supra-celiac control is obtained,
especially if the device has suprarenal fixation. This is fol-
lowed by distal control of each of the iliac vessels. The aneu-
rysmal sac is then entered, with thrombus removed, and
lumbar vessels ligated as needed. The assistant uses an um-
bilical tape, encircles the EVAR, and cinches down to
reconstrain the endograft. The surgeon then uses another
umbilical tape to tie down the device adjacent to where
the assistant is cinching down on the device. The process
is repeated proximally and distally, thereby sequentially
reconstraining the device. The device is then manually
advanced cephalad slightly to release the proximal fixation
hooks and detach the device from the aorta. The endograft
is then gently removed, and the supra-celiac clamp is
moved to a supra-renal position to provide proximal
vascular control for the remainder of the reconstruction.
Outcomes were also stratified into the periods of 1995

to 2007, and 2007 to 2014, which represents the point at
which we previously published results describing out-
comes after AEF repair, finding that morbidity and mor-
tality increased with GI complications.1 Since the original
publication, the practice patterns shifted toward a
decreased use of simple GI repairs in AEF.
Gastrointestinal complications were defined as either GI

leak (visible leak on imaging or operative exploration or
recurrent AEF), mesenteric ischemia, or necrosis. Gastro-
intestinal leaks were confirmed by CT angiography, re-
exploration of the patient, or during autopsy. Mesenteric
ischemia was confirmed during re-exploration, endoscopy,
or autopsy. Vital status was derived from medical records
and review of the Social Security Death Index.

Statistics

Descriptive statistics were represented as numbers with
percentages, and continuous variables were represented
as medians and interquartile ranges (IQR). Continuous
and categorical variables were compared between groups
using the Mann-Whitney rank sum test and the
Mantel-Haenszel chi-square, Fisher’s exact, or Kruskall-
Wallis test. Calculations were performed using GraphPad
Prism version 5.03 (GraphPad Software). Survival esti-
mate curves were calculated using the Kaplan-Meier
method. Statistically significant risk factors identified on
logistic regression univariate analysis with a value of p
< 0.10 were then entered into a multivariable Cox regres-
sion model in a step-wise fashion to quantify outcomes
stratified by baseline variables. Univariate and multivar-
iate analyses were performed using MedCalc version
14.8.1.0 (MedCalc Software). A p value < 0.05 was
considered statistically significant.
RESULTS

Demographics, presentation, diagnosis, and
comorbidities

Demographic details are reported in Table 1. Between
June 1995 and October 2014, 50 consecutive patients
(30 men; 60%) presented with AEF, with a median age
of 70 years (IQR 61 to 75 years). Twenty-six (52%)
patients presented with AEF after previous aorto-
femoral bypass, 10 (20%) after previous tube graft, 7
(14%) after previus aorto-bi-iliac bypass, and 7 (14%)
after previous EVAR. Half (n ¼ 25, 50%) of the patients
presented with systemic signs of infection, including fever,
leukocytosis, and malaise. Nearly one-third (n ¼ 16,
32%) presented with pain, 8 patients (16%) with
ischemia and another 7 (14%) in hemorrhagic shock.
Twenty-eight (56%) had paraprosthetic erosions, and
22 (44%) involved the aortic-prosthetic anastomosis.
The duodenum was the most common location of the

enteric defect (n ¼ 40, 80%), followed by the jejunum
(n ¼ 8, 16%), colon (n ¼ 1, 2%), and esophagus
(n ¼ 1, 2%). The diagnosis was made preoperatively in
24 (48%) of the patients; the remaining were made intra-
operatively. Preoperative diagnostic modalities included
CT angiography scan (n¼ 14, 28%), esophagogastroduo-
denoscopy (EGD; n ¼ 6, 12%), or a combination of
EGD and CT scan (n ¼ 2, 4%). Infrequently, an arterio-
gram, white blood cell scan, or a colonoscopy was
required (n ¼ 1 each, 2%). Comorbidities are reported
in Table 1. The most frequent comorbidities were hyper-
tension (n ¼ 40, 80%), hyperlipidemia (n ¼ 39, 78%),
and peripheral arterial disease (n ¼ 33, 66%).
Aortic cultures were positive for yeast in 31 (62%),

multiple organisms in 30 (60%), and no growth in 5
(10%). Bacteremia was present in 6 (12%) patients, 2
of whom had multiorganism cultures. Three cultures



Table 1. Demographics, Presentation, and Diagnosis

Variable
All AEF
(n ¼ 50)

With GI complications
(n ¼ 13)

Without GI complications
(n ¼ 37) p Value

Age, y, median (IQR) 70 (61e75) 71 (69e77) 68 (61e74) 0.04

Sex, male, n (%) 30 (60) 7 (54) 23 (62)

Medical comorbidities, n (%)

Hypertension 40 (80) 10 (77) 30 (81) 0.71

Hyperlipidemia 39 (78) 9 (69) 30 (81) 0.44

Peripheral arterial disease 33 (66) 8 (62) 25 (68) 0.74

Tobacco use 28 (56) 7 (54) 21 (57) 1.00

Coronary artery disease 23 (46) 5 (38) 18 (49) 0.75

COPD 12 (24) 3 (23) 9 (24) 1.00

Diabetes mellitus 12 (24) 0 (0) 12 (32) 0.02

Carotid artery disease 10 (20) 4 (31) 6 (16) 0.42

Chronic renal insufficiency 7 (14) 2 (15) 5 (14) 1.00

Ethnicity, n (%)

Caucasian 45 (90) 12 (92) 33 (89) 1.00

African American 3 (6) 1 (8) 2 (5) 1.00

Hispanic 2 (4) 0 (0) 2 (5) 1.00

Primary operation, n (%)

Aortobifemoral bypass 26 (52) 4 (31) 22 (59) 0.11

Tube graft 10 (20) 6 (46) 4 (11) 0.01

Aortobiliac bypass 7 (14) 2 (13) 5 (15) 1.00

Endovascular aortic repair 7 (14) 1 (8) 6 (16) 0.66

Indication for original operation, n (%)

Aortoiliac occlusive disease 21 (42) 2 (13) 19 (51) 0.05

AAA 20 (40) 7 (54) 13 (35) 0.33

Ruptured AAA 6 (12) 2 (13) 4 (11) 0.64

Mycotic AAA 3 (6) 2 (13) 1 (3) 0.16

Presentation, n (%)

Fever 25 (50) 8 (62) 17 (46) 0.25

Pain 16 (32) 5 (38) 11 (30) 0.73

Ischemia 8 (16) 2 (15) 6 (16) 1.00

Hemorrhagic shock 7 (14) 0 (0) 7 (19) 0.17

Location of enteric pathology, n (%)

Duodenum 40 (80) 8 (62) 32 (86) 0.10

Jejunum/ileum 8 (16) 4 (31) 4 (11) 0.18

Colon 1 (2) 0 (0) 1 (3) 1.00

Esophagus 1 (2) 1 (8) 0 (0) 0.26

AAA, abdominal aortic aneurysm; AEF, aorto-enteric fistula; GI, gastrointestinal; IQR, interquartile range.
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grew Staphylococcus epidermidis and additional culture
growth included Klebsiella pneumoniae, Veillonella
specium, Staphylococcus hominis, Candida albicans, and
non-beta hemolytic group B Streptococcus. Four of the
6 patients presenting with bacteremia died within 30
days of presentation.

Operative details

Operative details are reported in Table 2. The majority of
operations (n ¼ 24, 48%) were performed more than 24
hours after presentation. Thirty-four (68%) patients
underwent creation of an NAIS with femoral vein for
revascularization, 1 (2%) underwent creation of an
NAIS with cryopreserved homograft, and 12 (24%)
with EAB, graft excision, and suture closure of the aortic
stump. Of the EABs, 3 (6% of cohort) were performed in
a staged fashion. Three patients (6%) underwent direct
graft replacement using rifampin-soaked prosthetic graft,
when there was minimal contamination and patients
with advanced age and significant comorbidities.
With regard to GI reconstruction, 38 (76%) under-

went primary repair, with 12 (24%) undergoing



Table 2. Operative Details

Variable
All AEF
(n ¼ 50)

With GI complications
(n ¼ 13)

Without GI complications
(n ¼ 37) p Value

Timing of operation, n (%)

>24 h 24 (48) 5 (38) 19 (51) 0.53

6e24 h 14 (28) 4 (31) 10 (27) 1.00

<6 h 12 (24) 4 (31) 8 (22) 0.71

Staged vascular repair, n (%) 8 (16) 2 (15) 6 (16) 0.24

Whole graft excised, n (%) 45 (90) 12 (92) 33 (89) 0.22

Suprarenal cross clamp, n (%) 12 (24) 3 (23) 9 (24) 0.16

Type of revascularization, n (%)

Neoaortoiliac system 35 (70) 7 (54) 28 (76) 0.17

Extra-anatomic bypass 12 (24) 4 (31) 8 (22) 0.71

Direct graft replacement 3 (6) 2 (15) 1 (3) 1.00

Gastrointestinal repair, n (%)

Primary repair 38 (76) 11 (85) 27 (73) 0.48

Resection/bypass 12 (24) 2 (15) 10 (27) 0.05

Estimated blood loss, mL, median (IQR) 3,250 (1,763e5,000) 3,500 (1,750e9,000) 3,000 (1,800e5,000) 0.76

Packed red blood cell U, median (IQR) 8 (5e11) 12 (8e20) 8 (5e10) 0.08

Duration of operation, min, median (IQR) 498 (414e626) 550 (421e645) 493 (396e620) 0.60

Second operation, n (%) 20 (40) 9 (69) 11 (30) 0.02

AEF, aorto-enteric fistula; GI, gastrointestinal; IQR, interquartile range.
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complex repair, 9 (18%) having bowel resected and
primary anastomosis, and 3 (6%) having a pyloric
exclusion with Roux-en-Y bypass. Median blood loss
was 3,250 mL (IQR 1,763 to 5,000) mL, with a
median of 8 (IQR 5 to 11) packed red blood cell units
used and a median operative duration of 498 minutes
(IQR 414 to 626 minutes). Twenty (40%)
patients required a second operation for either graft
excision or abdominal washout and delayed abdominal
closure.

Overall procedural outcomes

Procedural outcomes are reported in Table 3. Median
follow-up for the entire cohort was 14 months (IQR 5
to 27 months). Thirty-six (72%) patients experienced
in-hospital complications, the most frequent of which
were GI complications (n ¼ 13, 26%). Of these, 6
(12%) were due to GI leaks, and 7 (14%) were due to
mesenteric ischemia. Other frequent complications
included sepsis/multiorgan failure in 14 (28%) and
pneumonia in 5 (10%). Two of the 34 (6%) NAIS
patients experienced wound complications from the
harvest site. One patient experienced wound complica-
tion at 30 days; the other experienced an abscess 8
months after repair. No patients required fasciotomy
in our series. Data on swelling at postoperative follow-
up were incompletely gathered from our retrospective
chart review, though no patient experienced severe
complications of venous insufficiency, such as venous
stasis dermatitis, ulceration, or incapacitating swelling,
at late follow-up.
Survival curves for patients with AEFs, as well as the effect

of GI complications on survival are depicted in Figure 1.
Although the 30-day mortality was 24%, the in-hospital
mortality was 32%, and 23 patients (48%) died by 60
days. Therefore, results were represented as 60-daymortality
data rather than 30-day or in-hospital data to more accu-
rately reflect outcomes. Sixty-day mortality in subjects
who sustained a GI complication was significantly higher
compared with mortality in those who did not have a GI
complication (77% vs 35% respectively; p ¼ 0.02). The
60-day mortality was greater after a GI leak (83%),
comparedwithmortality due tomesenteric ischemia (57%).
To further examine factors associated with poor out-

comes, univariate Cox regression modeling for mortality
at last follow-up was performed. The presence of
advanced age, chronic renal insufficiency, any complica-
tion, and GI complications were all associated with an
increase in overall mortality on univariate analysis
(p < 0.05; Table 4). Emergent/urgent operation (hazard
ratio [HR] 1.79; 95% CI 0.76 to 4.21; p ¼ 0.187) and
preoperative sepsis (HR 1.58; 95% CI 0.66 to 3.80;
p ¼ 0.31) were not statistically significantly associated
with an increase in mortality on univariate analysis,
and did not meet criteria for entry into the multivariable
model. Gastrointestinal complications (HR 3.23; 95%
CI 1.27 to 8.25; p ¼ 0.015) and advanced age
(HR 1.07; 95% CI 1.01 to 1.13; p ¼ 0.01) were the



Table 3. Procedural Outcomes

Variable
All AEF
(n ¼ 50)

With GI complications
(n ¼ 13)

Without GI complications
(n ¼ 37) p Value

ICU d, median (IQR) 6 (5e18) 13 (6e18) 6 (5e16) 0.43

Hospital d, median (IQR) 19 (9e26) 21 (9e26) 18 (9e30) 0.73

Disposition, n (%)

Home 17 (34) 2 (15) 15 (41) 0.17

Rehabilitation 10 (20) 0 (0) 10 (27) 0.05

Long-term facility 7 (14) 2 (15) 5 (14) 0.14

30-d mortality, n (%) 12 (24) 9 (69) 3 (8) <0.01

60-d mortality, n (%) 23 (46) 10 (77) 13 (35) 0.02

Complications, n (%) 36 (72) 13 (100) 23 (62) 0.01

Sepsis 14 (28) 7 (54) 7 (19) 0.31

Myocardial infarction 2 (4) 0 (0) 2 (5) 1.00

Pneumonia 5 (10) 1 (8) 4 (11) 0.56

Amputation 2 (4) 0 (0) 2 (5) 1.00

Reinfection 2 (4) 1 (8) 1 (3) 1.00

Pancreatitis 3 (6) 0 (0) 3 (8) 0.55

Transient paraplegia 1 (2) 1 (8) 0 (0) 0.26

Graft thrombosis 2 (4) 0 (0) 2 (5) 1.00

Other 8 (16) 5 (38) 3 (8) 0.09

Follow-up, mo, median (IQR) 14 (5e27) 0 (0e5) 8 (2e24) <0.01

AEF, aorto-enteric fistula; GI, gastrointestinal; IQR, interquartile range.
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only independent predictors of overall mortality
(Table 4; Fig. 1B). Overall causes of mortality are sum-
marized in Table 5.
The subset of patients with a previous EVAR per-

formed as the index operation were reviewed; they con-
sisted of 7 patients (6 men; 86%) with a median age of
72 years (IQR 68 to 74 years). Four of the EVARs were
performed for abdominal aortic aneurysms (AAAs), 2
were performed for a ruptured AAAs, and 1 was per-
formed for a mycotic AAA. Two of the patients presented
with unstable vital signs and underwent urgent/emergent
repair, with the remaining 5 repaired semi-electively. Four
of the patients underwent aortic reconstruction with
femoral vein and 1 with cryopreserved aortic allograft, 1
underwent EAB, and 1 underwent direct replacement
with rifampin-soaked Dacron graft with omental wrap.
Five (71%) required suprarenal aortic cross-clamp. Five
patients experienced a complication (pneumonia, pancre-
atitis, graft stenosis, temporary paraplegia requiring spinal
drain), and 1 experienced a GI complication (esophageal
leak from AEF to esophagus). There was one 60-day
mortality and 1 mortality at last follow-up, due to the
leak from the repaired esophagus.

Comparison of operative technique and outcomes
before and after 2007

To evaluate operative details and outcomes as our surgeon
and institutional experience increased with increasing
institutional referrals, operations from 1995 to 2007
and 2007 to 2014 were assessed. After our previous pub-
lication identified GI complications as the most signifi-
cant risk factors for mortality in AEF repairs, practice
patterns changed, with greater emphasis placed on
ensuring a viable GI reconstruction, and early interven-
tion for mesenteric ischemia. Before 2007, there were
38 AEFs treated; after 2007, 12 AEFs were treated. There
were no statistically significant differences noted in any of
the comorbidities, revascularization methods, or GI
repairs chosen, nor were there statistically significant dif-
ferences in any of the outcomes except for 60-day and
overall mortality.
When comparing the patients undergoing repair before

2007 with those compared after 2007, we found that
in-hospitality mortality decreased from 37% to 8%
(p ¼ 0.08), 60-day mortality decreased from 53% to
8% (p < 0.01), and mortality at last follow-up decreased
from 55% to 17% (p ¼ 0.02). The increased Kaplan-
Meier survival estimates in the after-2007 cohort were
not statistically significantly (p ¼ 0.06, log-rank;
Fig. 1C). Decreases in median operative times were also
seen, but were not statistically significant (518 minutes,
IQR 419 to 649 minutes vs 479 minutes, IQR 400 to
600 minutes; p ¼ 0.522). There were no other significant
intraoperative differences with respect to estimated blood
loss or transfusions. There were no statistically significant
differences between median hospital LOS (14 days, IQR



Figure 1. Overall 60-day survival in patients with aorto-enteric fis-
tula repairs. Kaplan-Meier estimates of (A) overall 60-day survival,
(B) the effects of gastrointestinal (GI) complications on overall 60-
day survival, and (C) 60-day survival in patients before and after
2007, when practice patterns were adjusted, with particular atten-
tion paid to reducing GI complications. All curves are truncated
when the standard error exceeded 10%.
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8 to 26 days pre-2007 vs 20 days, IQR 18 to 28 days post-
2007; p ¼ 0.17) or median ICU LOS (6 days, IQR 3 to
18 days pre-2007 vs 8 days; IQR 6 to 20 days post-2007;
p ¼ 0.44). There was decreased use of primary GI repair
(79% pre-2007 vs 67% after; p ¼ 0.45). The proportions
of GI complications were similar, (n ¼ 10, 26% pre-2007
vs n ¼ 3, 25% after 2007; p ¼ 0.72). Mortality after GI
complications decreased from 90% for those operated on
before 2007, to 33% in those operated on after 2007
(p ¼ 0.01, Mantel-Haenszel chi-square). The proportion
of GI leaks decreased slightly between the 2 time periods
(n ¼ 5, 13% pre-2007 vs n ¼ 1, 8% after; p ¼ 1.00), but
not significantly. The only leak occurring post-2007
occurred after a resection and gastric pull-up to repair
an esophageal erosion. The other leak after a complex
GI repair occurred after resection and reanastomosis of
a colonic paraprosthetic erosion. There were no leaks
from complex duodenal repairs in the entire cohort.
There was an increase in the proportion of enteric repairs
performed by 2 specific members of the general surgery
service (RVR and SH; 37% pre-2007 vs 92% post-
2007; p ¼ 0.003).
DISCUSSION
This study reports one of the largest series on outcomes of
AEF repairs at a single institution where autogenous
femoral venous reconstruction is preferentially used, and
is an update of our previously reported institutional expe-
rience.1 Almost 25% of patients die per month for the first
2 months after the operation, after which the mortality
rate decreases significantly. Gastrointestinal complications
increase the risk of mortality more than 3-fold, especially
in the initial 60 days. Methods to decrease rates of GI
leaks and improved management of GI complications
with increased awareness, increasingly aggressive interven-
tion, and improved ICU management may have proven
to be most significant to improve survival after AEF
repair.
Strict adherence to sound general surgical principles is

required to minimize GI leak rates. This includes ensuring
the viability of the tissue used in the repair, minimizing
the degree of infectious contamination, inflammation,
and tension on the suture line. Using appropriate anti-
biotic therapy and maximizing the nutritional status of
the patient are also vital. These were unable to be fully
captured in our data or in previous series. We surmise,
however, that after 2007, there was improved adherence
to the principles of wide debridement of nonviable and
infected tissue, and creation of a tension-free anastomosis
to healthy tissue edges while optimizing nutritional, med-
ical, and antibiotic therapy. In addition, general surgery
staff involvement was more frequent, specifically
involving 1 of the 2 surgeons for the enteric repairs.
This improved experience and regimented approach
may have contributed to the improved outcomes seen af-
ter 2007. Complex GI repairs with omental flaps may be



Table 4. Univariate and Multivariable Cox Regression Analysis Showing that Gastrointestinal Complications Independently
Predict Overall Mortality by More than 3-Fold

Variable Unadjusted HR (95% CI) p Value Adjusted HR (95% CI) p Value

Age 1.14 (1.04e1.24) 0.004 1.07 (1.01e1.13) 0.013

Chronic renal insufficiency 8.04 (1.52e42.50) 0.014

Any complication 8.40 (1.63e43.18) 0.010

Gastrointestinal complications 6.15 (1.43e26.40) 0.009 3.23 (1.27e8.25) 0.031

HR, hazard ratio.
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most effective way to accomplish these goals, but it does
not appear to be absolutely necessary in all cases. Simple
repairs were successful in 88% of our series, likely when
the defect was small enough after debridement to permit
a tension-free anastomosis to healthy tissue edges. We
therefore recommend individualizing the GI reconstruc-
tion, with aggressive debridement, while maintaining a
low threshold to perform more complex GI reconstruc-
tions to minimize the risk of GI leak.
With respect to mesenteric ischemia, the occurrence is

likely unavoidable in some patients due to the emergent
nature of redo aortic operations, where the collateral
colonic circulation is already impaired (inferior mesen-
teric artery from previous aortic repair or EVAR), exten-
sive dissection in an inflamed operative field. It is unclear
why the patients who developed mesenteric ischemia
post-2007 survived; mesenteric ischemia had a 100%
mortality before 2007. This may have also been secondary
to a heightened awareness of the mortality associated with
this complication after AEF reconstructions, perhaps
resulting in earlier colonic resections. Improvements in
critical care may have contributed as well. Avoiding un-
necessarily extensive dissection and sparing key collaterals
during dissection may help to prevent this complication.
In addition, efforts to mitigate the consequences of
mesenteric ischemia may be effective in decreasing mor-
tality. However, there was also a decreased number of
AEF repairs performed after 2007 (12 post-2007 vs 38
pre-2007) and therefore, significant conclusions that can
be drawn from these findings are limited. Ultimately,
we can only surmise as to why there was a decrease in
AEF repairs during the second time period, but it is likely
Table 5. Complications and Causes of Death at 60 Days

Complication
Total patients with
complications, n

Sepsis and multi-system organ failure 14

Gastrointestinal leak 6

Mesenteric ischemia 7

Pneumonia 5

Other* 22

*Other complications resulting in mortalities included splenic rupture, myocardi
any complication was 36, though 18 sustained multiple complications.
due to changes in referral patterns and personnel at our
institution. Future appropriately powered studies will be
required to improve prevention and treatment of mesen-
teric ischemia after open aortic surgery.
Repair of AEF continues to be associated with sub-

stantial morbidity and mortality, with in-hospital mor-
tality rates of 33%, which is congruent with mortality
rates in the literature between 19% and 33%.3,11,17,18

The type of arterial reconstruction may also affect out-
comes, due to differences in invasiveness. Clagett and
colleagues13 described autogenous aortic reconstruction
with femoral vein, which has proven durable and effec-
tive in managing aortic graft infections, regardless of
whether the AEF is secondary to an EVAR or previous
open bypass. For the subset of patients who presented
with infected EVAR, we were surprised to find that these
patients performed relatively well. This is of particular
interest because a greater proportion of aortic aneurysms
are being repaired with EVARs, and this is likely to
become a more common scenario in the future.19 Only
1 of the 7 patients died within 60 days and at last
follow-up. Despite 71% of these patients requiring a su-
prarenal aortic cross-clamp, there was no increased
morbidity, blood loss, or number of transfusions needed.
A recent multicenter report by Kahlberg and associates20

describing AEFs after EVARs detailed results of 32 pa-
tients and noted a 37% perioperative mortality rate.
They also had a 70% suprarenal fixation rate, suggesting
a particularly challenging cohort of patients. It is difficult
to ascertain further differences between the studies given
the large discrepancy in the number of patients; however,
further study will be required to determine the best
Complications attributed
to mortality, n

Complication-specific
deaths, %

8 57

5 83

4 57

3 60

3* 14

al infarction, and acute renal failure. The total number of patients who had
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technique for extraction of these grafts. Description of
the technique used for the majority of the operations is
described in the Methods section, and the authors advo-
cate reconstraining of the EVAR device because we have
found this to facilitate safe graft removal, preserve
infrarenal aortic neck, and allow for sewing of the graft
to this location.
In the setting of AEFs, NAIS creation may be too time

consuming and therefore inappropriate for all patients
with AEFs. Theoretically, the femoral vein harvest may
add a marginal degree of morbidity that could be avoided
with other modalities of arterial reconstruction. Howev-
er, only 2 (4%) patients experienced a myocardial infarc-
tion as their primary morbidity: 1 patient who underwent
NAIS reconstruction and the other patient who under-
went EAB with graft explantation. Although cardiac
morbidity is likely under-reported in our registry, it
seems that appropriately selected patients tolerate NAIS
reconstruction with acceptable cardiac morbidity compa-
rable to that with alternative methods of arterial recon-
struction and consistent with the postoperative
myocardial infarction rate seen in contemporary reviews
of open aortic surgery.21 Similarly, venous morbidity
seems tolerable in our series, without need for fasciotomy
and rare long-term problems. Significant venous
morbidity from femoral-popliteal vein harvest has been
previously demonstrated by our group to be low, with
few developing chronic venous insufficiency and infre-
quent venous ulceration development.22 In addition to
careful patient selection, delaying definitive operation
until preoperative optimization is achieved and use of
an excellent anesthesia team cannot be overstated. Other
series describing in situ reconstructions with cryopre-
served allograft achieved similar postoperative survival
rates.23,24 Multicenter registries will be required to quan-
tify the impact of the method of arterial reconstruction
on outcomes.
Another important finding seen in our series is the rele-

vance of survival time chosen to define surgical outcomes
because these rates vary significantly between 30-day,
in-hospital, 60-day, and overall mortality rates. Though
the 30-day mortality rate in our series was 24%, when
this window expanded to in-hospitality mortality, the
rate increased to 33%. When expanded to 60 days, the
rate increased to 47%. Because the mortality rate
decreases to approximately 10% per year after 60 days,
we believe that 60-day mortality represents a more direct
measure of “clinically meaningful” outcomes, as recom-
mended by the Food and Drug Administration25,26

regarding clinical trial design. We therefore advocate
that reporting of outcomes after AEF repair be standard-
ized to include 60-day outcomes.
This study is limited by the nature of a single-
institution, observational study design for an uncom-
mon, but highly fatal condition. Due to the constraints
of sample size and the complex nature of the disease,
with multiple branch points of decision-making that is
required in the treatment of patients with AEFs, com-
parisons between groups with regard to type of revascu-
larization, type of GI repair, and comparisons of their
effect on outcomes are limited. The choice and timing
of operation, revascularization, type of repair, and num-
ber of personnel involved in each operation were at the
discretion of the surgeon and were carefully selected
based on patient comorbidities and anatomy after thor-
ough discussion with the patient and family. Risk-
adjusted analyses are therefore impossible to perform.
Our results were procured at a regional referral center
with a relatively high volume of AEFs, with select prac-
titioners using homogenized techniques and extensive
experience with AEF repairs. Therefore, referral bias
may overestimate the mortality. Moreover, our data
did not compare totally endovascular, nonoperative, or
palliative management strategies, which may have an
emerging role in the management of aortic infections
with extended broad spectrum antibiotic therapy.18,19

This is particularly germane given the nearly 50% mor-
tality at 60 days in our series. Further prospective multi-
center registries will be required to overcome these
limitations.

CONCLUSIONS
This series provides an update as one of the largest series
of AEFs, and recapitulates AEFs as a dreaded complica-
tion from aortic operations with substantial morbidity
and mortality, even at high-volume referral centers.
Gastrointestinal complications were identified as the
highest independent risk factors for short-term and
long-term mortality, increasing the risk more than 3-
fold in these patients, with the type of GI repair per-
formed possibly contributing. Mortality has modestly
improved over time with increased surgeon and institu-
tional experience, perhaps due to improved management
of postoperative mesenteric ischemia and prevention of
GI leaks. Sixty-day mortality is a more clinically meaning-
ful, patient-centric endpoint because almost 50% of pa-
tients die during this time period. The type of arterial
and GI reconstruction should be patient-specific, with
the aim toward minimizing the risks of GI leak, while
adequately removing infectious foci and providing appro-
priate arterial flow to the lower extremities. Methods to
decrease and improvement management of GI complica-
tions may prove most effective at improving mortality
rates for this lethal pathology.
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Discussion
DR TINA DESAI (San Francisco, CA): I would like to congratulate

Dr Chopra and his coauthors for providing one of the largest re-
views to date of a fortunately rare, but disastrous, complication
of aortic reconstruction. In an area in which data that are available
to us are quite limited, the significance of such a large series should

not be underestimated. This group previously reported their expe-
rience in this area in 2008, and this series provides an updated
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