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Predictors of early and late mortality following
open extent IV thoracoabdominal aortic aneurysm
repair in a large contemporary single-center
experience
Derek P. Nathan, MD,a Clayton J. Brinster, MD,a Edward Y. Woo, MD,b Jeffrey P. Carpenter, MD,c

Ronald M. Fairman, MD,b and Benjamin M. Jackson, MD,b Philadelphia, Pa; and Camden, NJ

Objective: The primary purpose of this study was to examine outcomes following open repair of extent IV thoracoab-
dominal aortic aneurysms (TAAAs) at a single university hospital. As a secondary aim, comparison was made to patients
who underwent open abdominal aortic aneurysm (AAA) repair with supraceliac clamping but without left renal artery
bypass to assess the effect of left renal artery bypass on outcomes.
Methods: Patients undergoing open extent IV TAAA repair from 1998 to 2008 were identified (n � 108). Primary
outcomes were 30-day and long-term survival. Secondary outcomes were major complication, renal failure, and
postoperative change in renal function. A second analysis was performed, comparing patients undergoing extent IV
TAAA repair with patients undergoing AAA repair with supraceliac clamping but without left renal artery bypass
(n � 50).
Results: Eighty-three men (76.9%) and 25 women (23.1%), with a mean age of 72.9 years, underwent open extent IV
TAAA repair. Nine patients (8.3%) were ruptured. Mean aneurysm maximal diameter was 6.5 � 1.3 cm. Supraceliac and
left renal ischemic times were 22.9 � 9.3 and 40.6 � 16.2 minutes, respectively. Six patients (5.6%) died at 30 days. The
only predictor of 30-day mortality was decreased preoperative estimated glomerular filtration rate (eGFR) (P � .044 by
multivariate analysis; and P � .011 by univariate analysis). One-year and 5-year survival rates were 87% and 50%,
respectively. Patients with a history of cerebrovascular disease (P � .001) and postoperative renal insufficiency (P � .034)
had increased long-term mortality by log-rank test. Twenty-five (25.3%) patients sustained a postoperative decrease in
renal function, while 19 (19.2%) patients had an improvement in renal function. There was no difference in 30-day
mortality (5.6% vs 6.0%; P � 1.000), 5-year survival (50% vs 48%; P � .886), major complications (37.0% vs 38.0%; P �
1.000), renal failure (6.1% vs 0%; P � .215), or postoperative change in renal function, in patients undergoing extent IV
TAAA repair vs AAA repair with supraceliac clamping but without left renal artery bypass.
Conclusions: Open extent IV TAAA repair can be performed with low morbidity and mortality rates. The performance of
left renal artery bypass does not appear to contribute to the morbidity and mortality of extent IV TAAA repair. While
decreased preoperative eGFR appears to increase the risk of 30-day mortality, a history of cerebrovascular disease and
postoperative renal insufficiency appear to increase the risk of long-term mortality. Finally, open extent IV TAAA repair
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not uncommonly improves renal function. (J Vasc Surg 2011;53:299-306.)
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Open surgery remains the mainstay of therapy for ex-
tent IV thoracoabdominal aortic aneurysms (TAAAs).1-12

Renal failure requiring institution of hemodialysis has been
reported in 6% to 15% of patients following open extent IV
TAAA repair, while postoperative renal dysfunction occurs
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n as many as 50% of patients. Thirty-day mortality for open
xtent IV TAAA repair ranges from 3% to 17% at single
enters.1-13 Open repair of extent IV TAAA is clearly
seful: one of the largest single-center experiences with
pen extent IV TAAA repair reported a 1-year survival rate
f 90%.3

Several studies have identified predictors, such as pre-
perative renal insufficiency and visceral ischemia, of 30-
ay mortality after open TAAA repair.1,14-16 Moreover,
ecent studies in a wide range of surgical patients have
dentified postoperative kidney dysfunction as an indepen-
ent predictor of long-term mortality.17,18 The current
tudy presents a single-center experience with open extent
V TAAA repair to update the morbidity and mortality of
his procedure and to identify predictors of early and late
utcome. Furthermore, to assess the contribution of true
xtent IV TAAA morphology and necessity for left renal
rtery bypass (LRAB) on patient outcome, comparison was

ade to patients who underwent abdominal aortic aneu-
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rysm (AAA) repair requiring supraceliac clamping but not
LRAB.

METHODS

Patients. A prospectively maintained vascular data-
base was used to retrospectively analyze data on patients
who underwent open extent IV TAAA repair between
January 1998 and December 2008 at the Hospital of the
University of Pennsylvania. This study was conducted with
the approval of the center’s Human Research Ethic Com-
mittee.

All patients underwent computed tomography of the
thoracic and abdominal aorta. Preoperative cardiopulmo-
nary assessment was performed in all elective cases and in
nonelective cases as time allowed. In addition, it became
our practice toward the end of the study period to perform
carotid duplex in patients undergoing repair. Patients were
classified as undergoing elective, urgent, or emergent re-
pair. Patients with ruptured aneurysms who were operated
on within 6 hours of nonelective admission were classified
as undergoing emergent repair. Patients with symptomatic
aneurysms who were operated on within 24 hours of non-
elective admission were classified as undergoing urgent
repair. Urgently and emergently repaired aneurysms were
classified together as nonelectively repaired aneurysms.

Extent IV TAAA repair was defined according to Craw-
ford’s classification.15,16 Extent IV TAAA involved the
upper abdominal aorta and required supraceliac clamping.
Repair involved construction of a beveled anastomosis up
to, or above, the celiac artery, and required reimplantation
of the left renal artery. Patients undergoing open extent IV
TAAA repair will be referred to as group one.

Patients in the comparison group (group 2) had para-
renal or juxtarenal abdominal aortic aneurysms that re-
quired supraceliac clamping but not LRAB. Supraceliac
clamping was required due to insufficient space between
the superior mesenteric artery and renal vessels or heavy
calcification of the suprarenal aorta prohibiting clamping at
this location. None of these patients underwent LRAB or
any other visceral or renal artery bypass.

Surgical technique. All extent IV TAAA repairs (n �
108) were carried out through a left retroperitoneal inci-
sion. Repair was performed with supraceliac cross-clamping
only; neither renal cooling nor cardiopulmonary bypass was
performed in any of the procedures. At the discretion of the
surgeon, 61 patients had mannitol administered intraoper-
atively. Dacron graft was used in 107 patients and allograft
was used in one patient with a mycotic aneurysm. A beveled
proximal anastomosis incorporating the ostia of the celiac
artery, superior mesenteric artery, and right renal artery,
with separate reimplantation of the left renal artery was
performed in 100 of 108 cases. Eight patients did not
undergo LRAB due to end-stage renal disease (ESRD)
(n � 4), atrophic left kidney (n � 2), and concomitant
nephrectomy for renal cell cancer (n � 2). Of the 100
LRAB procedures, 94 were performed via anastomosis of a
6-mm Dacron graft from the main body of the aortic tube

graft to the left renal artery, which had been previously o
aken off the aorta as a Carrell patch (Fig 1). Six patients
nderwent LRAB prior to the construction of the proximal
nastomosis using the distal thoracic aorta (n � 5) or the
eft common iliac artery (n � 1) as the inflow. Of the 94
RABs performed by anastomosis of a 6-mm Dacron graft
ff the main body of the aortic tube graft to the left renal
rtery, 53 were performed immediately prior to the distal
ortic anastomosis, and 41 were performed after the distal
ortic anastomosis. The timing of the LRAB was at the
iscretion of the surgeon. In the majority of cases, the
RAB was performed after the proximal aortic anastomo-

is; however, in situations where re-establishing distal aortic
nd pelvic perfusion rapidly (eg, prior colectomy, prior
horacic aortic repair, or prior lower extremity bypass) was
onsidered essential, the LRAB was performed after the
istal anastomosis. Twenty-two renal artery endarterecto-
ies were performed in 21 patients. The indication for

ndarterectomy was significant renal artery stenosis in all
ases. The distal anastomosis was to the aortic bifurcation in
5 patients and to the iliac vessels in 13 patients. Suprace-

iac ischemia, left renal artery, and lower extremity ischemia
imes were available in 98, 67, and 57 patients, respectively.
either lumbar drainage nor monitoring of somatosensory
r motor evoked potentials was routinely performed.

In group 2 (n � 50), repair was carried out through a
eft retroperitoneal approach in 49 patients and through a
ransperitoneal approach in one patient. Supraceliac clamp-
ng was employed in all cases. No LRAB, nor other visceral

ig 1. Open extent IV thoracoabdominal aortic aneurysm
TAAA) repair performed with a beveled proximal anastomosis
ncorporating the ostia of the celiac, superior mesenteric, and right
enal arteries and separate reimplantation of the left renal artery.
r renal artery bypass, was performed in this group. Dacron
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graft was used in all patients. Renal artery endarterectomy
was performed in three patients. Distal anastomosis was to
the aortic bifurcation in 44 patients, to the iliac vessels in
five patients, and to the femoral vessels in one patient.
Supraceliac ischemia times and lower extremity ischemia
times were available in 48 and 21 patients, respectively.

Statistical analysis. Primary outcome variables were
30-day mortality and long-term survival. Secondary out-
come variables included major complications, renal failure,
and postoperative change in renal function. Renal failure
was defined as postoperative kidney failure requiring long-
term renal support in patients not on dialysis preopera-
tively.

Postoperative change in renal function was defined as
an increase or decrease in estimated glomerular filtration
rate (eGFR) stage. For example, a patient with preoperative
stage III kidney disease who had stage II kidney disease
postoperatively was classified as having an improvement in
renal function. Creatinine levels measured 1 month post-
operatively were used for calculation of postoperative renal
function. Estimated GFR was determined by the Modifica-
tion of Diet in Renal Disease formula.19 Preoperative and
postoperative renal insufficiency were defined as eGFR �
60 mL/min/1.73 m.19-21

Patient-related (age, age less than or greater than 80
years, gender, race, eGFR, renal insufficiency, coronary
artery disease, cerebrovascular disease [history of transient
ischemic attack or stroke], chronic obstructive pulmonary
disease, and history of infrarenal abdominal aortic aneu-
rysm repair), disease-related (aneurysm size, elective vs
nonelective repair), and treatment-related (mannitol ad-
ministration, duration of supraceliac ischemia, duration
of left renal artery ischemia, duration of lower extremity
ischemia, renal artery endarterectomy, and estimated
blood loss) variables were assessed for their influence on
primary and secondary outcomes using Pearson �2 test,
Student t test, Mann-Whitney U, or logistic regression,
as appropriate.

To determine the effect of the timing of the LRAB on
postoperative renal outcomes, patients were divided into
three groups depending on whether the LRAB was per-
formed before the proximal anastomosis, after the proximal
anastomosis, or after the proximal and distal anastomosis.
With respect to supraceliac ischemia, patients were classi-
fied as having �20 minutes, 20 to 30 minutes, or �30
minutes of ischemic time. With respect to left renal artery
ischemia, patients were classified as having less than or
greater than 40 minutes of ischemic time.

Patient follow-up information was collected through
the interrogation of medical records, the Social Security
Database Index, and telephone interviews. Long-term sur-
vival was determined with the Kaplan-Meier life-table
methods. Log-rank tests were used to compare life-table
curves for categorical variables. Cox proportional hazards
were also used to evaluate the effects of continuous patient-
related and treatment-related variables on long-term mor-
tality. Comparison between patients undergoing open ex-

tent IV TAAA repair (group 1) and open AAA repair (
equiring supraceliac clamping without LRAB (group 2)
as performed by �2 and t test for categorical and contin-
ous variables, respectively, and by log-rank test for
aplan-Meier survival. Statistical analyses were performed
ith SPSS software (SPSS Inc, Chicago, Ill).

ESULTS

Preoperative characteristics. Salient preoperative
haracteristics of the 108 patients who underwent open
xtent IV TAAA repair (group 1) and the 50 patients
ndergoing AAA repair requiring supraceliac clamping
ithout LRAB (group 2) are summarized in Table I: the

wo groups were similar except for preoperative renal func-
ion, which was worse in the extent IV TAAA repair group.

Operative details. Mean supraceliac, left renal artery,
nd lower extremity ischemic times for patients undergoing
pen extent IV TAAA repair were 22.9 � 9.3, 40.3 � 16.2,
nd 52.8 � 13.0 minutes, respectively. Mean blood loss
as 2.6 � 1.9 liters. Table II presents operative details,

ncluding clamp times, in both groups.
Thirty-day mortality. Thirty-day and in-hospital

ortality in patients who underwent open extent IV TAAA
epair was 5.6% (n � 6). Causes of death were intestinal
schemia (n � 2), bleeding due to anastomotic disruption
n � 2), and multisystem organ failure (n � 2). One
11.1%) of nine patients with a ruptured aneurysm and one
25%) of four patients with preoperative ESRD sustained
0-day mortality. Excluding patients with ruptured aneu-
ysms and ESRD, the 30-day mortality rate was 4.2%

able I. Preoperative clinical details in patients
ndergoing extent IV TAAA repair and AAA repair
equiring supraceliac clamping without LRAB

Group 1
(n � 108)

Group 2
(n � 50) P value

ex ratio (M:F) 83:25 35:15 .469
ge (mean � SD) 72.9 � 7.6 y 73.3 � 8.1 y .769
ctogenarian 20 (18.5%) 12 (24.0%) .560
oronary artery disease 62 (57.4%) 28 (56.0%) 1.000
ABG/PCI or
previous MI 47 (43.3%) 21 (42.0%) .995
OPD 39 (36.1%) 23 (46.0%) .313
erebrovascular disease 20 (18.5%) 6 (12.0%) .425
stimated GFR
(mean � SD) 54.9 � 23.7 76.7 � 32.7 �.001

enal insufficiency
(GFR �60) 69 (63.9%) 16 (32.0%) �.001

revious infrarenal
abdominal aortic
aneurysm repair 26 (24.1%) 11 (22.0%) .933

neurysm diameter
(mean � SD) 6.5 � 1.3 cm 6.8 � 1.5 cm .214

uptured 9 (8.4%) 6 (12.0%) .660
onelective 24 (22.2%) 14 (28.0%) .555

AA, Abdominal aortic aneurysm; CABG, coronary artery bypass grafting;
OPD, chronic obstructive pulmonary disease; GFR, glomerular filtration

ate; LRAB, left renal artery bypass; MI, myocardial infarction; PCI, percu-
aneous coronary intervention; TAAA, thoracoabdominal aortic aneurysm.
4/95). There was no statistically significant difference
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detected in 30-day mortality between elective and nonelec-
tive repairs (4.8% vs 8.3%; P � .866). Patients who sus-
tained 30-day mortality had lower preoperative eGFR by
univariate (P � .011) and multivariate (P � .044) analysis
(Table III). All of the patients who sustained 30-day mor-
tality had preoperative renal insufficiency.

Long-term survival. Mean follow-up for patients sur-
viving extent IV TAAA repair was 38.2 � 27.7 months
(range, 1-123). Mean survival in all patients undergoing
extent IV TAAA repair was 66.4 � 5.6 months. One-year,
3-year, and 5-year Kaplan-Meier survival in all patients was
87% � 3.4%, 71% � 4.8%, and 50% � 6.4%, respectively
(Fig 2, A). Patients with a history of cerebrovascular disease
(24% � 12% vs 56 � 7.2% at 5 years, P � .001; Fig 2, B) and
postoperative renal insufficiency (43% � 8% vs 74% � 9.7%
at 5 years, P � .034; Fig 2, C) had decreased long-term
survival. Patients with preoperative renal insufficiency did
not have a statistically different 5 year survival than others

Table II. Operative details in patients undergoing extent
IV TAAA repair and AAA repair requiring supraceliac
clamping without LRAB

Group 1
(n � 108)

Group 2
(n � 50) P value

Retroperitoneal
incision 108 (100.0) 49 (98.0) .692

Supraceliac ischemia
(mean � SD) 22.9 � 9.3 min 21.3 � 7.9 min .334

Left renal artery
ischemia
(mean � SD) 40.3 � 16.2 min 21.3 � 7.9 min �.001

Lower extremity
ischemia
(mean � SD) 52.8 � 13.0 min 43.7 � 11.0 min .006

Blood loss
(mean � SD) 2.6 � 1.9 L 2.0 � 1.3 L .080

AAA, Abdominal aortic aneurysm; LRAB, left renal artery bypass; TAAA,
thoracoabdominal aortic aneurysm.

Table III. Preoperative GFR by outcome following open
extent IV TAAA repair

Outcome N
Estimated GFR
(mean � SD)

Univariate
P value

Multivariate
P value

30-day mortality
Yes 6 31.1 � 13.6 .011 .044
No 102 56.3 � 23.5

Renal failurea

Yes 6 33.2 � 12.2 .004 .081
No 92 59.7 � 21.6

Major
complication

Yes 40 47.4 � 22.8 .011 .667
No 68 59.3 � 23.3

GFR, Glomerular filtration rate; TAAA, thoracoabdominal aortic aneurysm.
aExcludes six patients who died and five patients with preoperative stage V
kidney disease. One patient with preoperative stage V kidney disease died.
(43% � 7.7% vs 54% � 11.6%; P � .110). e
Major complications. Major complications occurred
n 40 (37.0%) patients in the extent IV TAAA repair group
Table IV). Patients who sustained major complications
ad a lower preoperative eGFR by univariate analysis (P �

011; Table III). No variable predicted major complication
y multivariate analysis. The average length of stay follow-

ng open extent IV TAAA repair was 13.5 � 19.5 days
range, 5-180).

Renal failure and postoperative change in renal
unction. New renal failure requiring long-term dialysis
ccurred in six (6.1%) patients following open extent IV
AAA repair. Univariate analysis showed that patients who
eveloped postoperative renal failure had lower preopera-
ive eGFR (P � .004; Table III). While no variable pre-
icted postoperative renal failure by multivariate analysis,
here was a nonsignificant trend observed with decreased
reoperative eGFR (P � .081). All of the patients who
eveloped postoperative renal failure had preoperative re-
al insufficiency.

Nineteen (19.2%) patients had a postoperative im-
rovement in renal function. Renal artery endarterectomy
redicted postoperative improvement in renal function by
nivariate analysis (P � .031). Twenty-five (25.3%) pa-
ients had a postoperative decrease in renal function. No
ariable predicted a postoperative change in renal function
y multivariate analysis. Neither elective vs nonelective
epair status nor mannitol administration predicted either
ostoperative renal failure or postoperative change in renal
unction. No association between supraceliac or left renal
rtery ischemic time and either postoperative renal failure
r change in renal function was found. Similarly, the per-
ormance of the LRAB before the proximal anastomosis,
fter the proximal anastomosis, or after the proximal and
istal anastomosis, did not affect the incidence of either
ostoperative renal failure or change in renal function.

Comparative analysis. Comparisons between group
and group 2 are shown in Table V. There was no

ifference in 30-day mortality between the two repair
roups. Although no patient in group 2 developed renal
ailure, this difference was not statistically significant (P �
215). There was no difference in change in renal function,
ostoperative major complications, or length of stay be-
ween the two groups. Long-term survival did not differ
50% � 6.3% in group 1 vs 48% � 9.1% in group 2;
ig 2, A).

ISCUSSION

A contemporary large, single-center experience with
pen extent IV TAAA repair has been presented. The renal
ailure and 30-day mortality rates in this series compare well
ith those from other singe-center reports. In addition,

lmost 20% of patients had improved renal function follow-
ng open extent IV TAAA repair. Consistent with previous
eports on open TAAA repair, decreased preoperative
GFR predicted 30-day mortality, the development of re-
al failure requiring dialysis, and major complications. Fur-
hermore, we found that patients with cerebrovascular dis-

ase and postoperative renal insufficiency were at increased
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Fig 2. A, Kaplan-Meier survival curve for patients undergoing extent IV thoracoabdominal aortic aneurysm (TAAA) repair
and abdominal aortic aneurys (AAA) repair with supraceliac clamping but without left renal artery bypass (LRAB).
B, Kaplan-Meier survival curve for patients undergoing open extent IV TAAA repair by history of cerebrovascular disease.

C, Kaplan-Meier survival curve for patients undergoing open extent IV TAAA repair by postoperative renal function.
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risk of long-term mortality. Finally, the morbidity and
mortality of extent IV TAAA repair does not appear to be
increased by left renal artery ischemia from LRAB.

The renal failure rate of 6.1%, compares well with the
rates of 5.4% in the study by Coselli et al and the rate of
15.4% in the study by Bicknell et al, although the latter
study only reported on short-term renal failure.1,4 More-
over, the low renal failure rate achieved in this study was in
a cohort of patients in whom almost two-thirds of the
patients had preoperative renal insufficiency. Almost 20% of
patients in our study had an improvement in renal function.
Renal artery endarterectomy predicted an improvement in
renal function by univariate analysis.

The demonstrated 30-day mortality rate of 5.6% also

Table IV. Major complications in patients undergoing
extent IV TAAA repair and AAA repair requiring
supraceliac clamping without LRAB

Type IV TAAA
(n � 108)

AAA
(n � 50)

Total 40 (37.0%) 19 (38.0%)
Pulmonary (pneumonia, ventilator-

dependent respiratory failure,
tracheostomy, pleural effusion
requiring drainage) 15 (13.9%) 9 (18%)

Cardiac (evidence of myocardial
ischemia or infraction by EKG or
laboratory markers, arrhythmia,
CHF exacerbation) 7 (6.5%) 4 (8.0%)

Bleeding requiring re-exploration 8 (7.4%) 1 (2.0%)
Lower extremity ischemia requiring

intervention 7 (6.5%) 2 (4.0%)
Mesenteric ischemia requiring

laparotomy 2 (1.9%) 2 (4.0%)
Spinal cord ischemia 1 (0.9%) 1 (2.0%)

AAA, Abdominal aortic aneurysm; CHF, congestive heart failure; EKG,
electrocardiogram; LRAB, left renal artery bypass; TAAA, thoracoabdomi-
nal aortic aneurysm.

Table V. Outcomes of patients undergoing extent IV
TAAA repair and AAA repair requiring supraceliac
clamping without LRAB

Group 1
(n � 108)

Group 2
(n � 50)

P
value

Mortality 6 (5.6%) 3 (6.0%) 1.000
Renal failurea 6 (6.1%) 0 (0.0%) .215
Major complications 40 (37.0%) 19 (38.0%) 1.000
Postoperative decrease

in renal functiona 25 (25.3%) 16 (35.6%) .284
Postoperative

improvement in renal
functiona 19 (19.2%) 5 (11.1%) .335

Average length of stay
(mean � SD)

13.5 � 19.5 d
(range, 5-180)

12.1 � 8.3 d
(range, 6-48) .626

AAA, Abdominal aortic aneurysm; LRAB, left renal artery bypass; TAAA,
thoracoabdominal aortic aneurysm.
aExcludes patients with preoperative stage V chronic kidney disease and
patients who died within 30 days.
compares well with other single-center experiences, which c
ave reported rates ranging from 3% to 17%.1-12 It is
mportant to note that the 30-day mortality rate of patients
ithout ESRD or ruptured aneurysms undergoing open
xtent IV repair was 4.2%. The only other study that has
eported long-term survival in patients undergoing extent
V TAAA repair was published by Coselli et al and reported
5-year survival rate of 65.3%.3 While it is difficult to

ompare the long-term survival between two studies, it is
ossible that advanced age (mean of 65.5 years in the
oselli et al study vs 72.9 years in the current study) and

ignificant comorbidities in the current patient population,
ccount, in part, for the higher 5-year mortality rate.

This study confirms previous findings, which suggest
hat preoperative renal dysfunction is a predictor of out-
omes in patients undergoing open TAAA repair.1,14-16

nivariate analysis showed that preoperative eGFR was
ignificantly lower in patients who sustained 30-day mor-
ality, developed postoperative renal failure, and had major
omplications. In addition, only patients with preoperative
enal insufficiency sustained 30-day mortality or developed
ostoperative renal failure. Logistic regression revealed that
ower preoperative eGFR predicted 30-day mortality. The
se of eGFR in this study makes the results easier to apply to
uture patients undergoing preoperative risk-stratification
or open extent IV TAAA repair. Specifically, patients with
reoperative renal insufficiency (eGFR less than 60) might
e viewed at high risk for 30-day mortality and the devel-
pment of new renal failure following open surgical repair.

Patients with postoperative renal insufficiency had a
ignificantly lower 5-year survival than those who did not.
ur finding that there is an association between renal

unction and survival is consistent with findings from the
eneral population in which reduced eGFR has been shown
o be associated with increased risk of death, cardiovascular
vents, and hospitalization independent of other risk fac-
ors.22 Our results are also supported by recent studies in
he surgical literature, which have shown that surgical
atients who sustain acute kidney injury in the periopera-
ive period have an increased risk of long-term morta-
ity.17,18,22 The proposed mechanism of this decreased
urvival is the induction of a systemic inflammatory re-
ponse that persists postoperatively.22 Statins and beta-
lockers, which mitigate this inflammatory response, have
een shown to decrease mortality after vascular sur-
ery.23-25 It is possible that operative techniques, such as
enal artery endarterectomy, balloon-expandable stenting
f the right renal artery,26 and renal cooling,16 that pre-
erve, or improve, renal function may also play a role in
mproving survival outcomes. A recent review by Hersey
nd Poullis supports our finding that the administration of
annitol does not reduce the incidence of postoperative

enal dysfunction.27 While the exact mechanism between
enal function and survival remains unclear, implementing
trategies to protect, or improve, renal function may play an
mportant role in improving patient outcomes following
pen extent IV TAAA repair.

To assess the contribution of LRAB on clinical out-

omes, we compared patients undergoing extent IV TAAA
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repair with patients undergoing aneurysm repair with su-
praceliac clamping but without LRAB. Bicknell and col-
leagues performed a similar analysis, comparing patients
who underwent open extent IV TAAA repair with 44
patients who underwent repair of juxtarenal aneurysms
with either supraceliac (n � 18) or suprarenal (n � 26)
clamping. They found significantly higher rates of mortality
(16.9% vs 4.5%) and short-term renal failure (15.4% vs
0.0%) in the extent IV TAAA group.1 Our comparison
showed no difference in mortality and morbidity rates. This
may be due to the lower morbidity and mortality for extent
IV TAAA repair in the current study.

Lastly, in light of the high morbidity and mortality
associated with the open extent IV TAAA repair, a variety of
hybrid and endovascular techniques have been applied to
this complicated disease process in an attempt to improve
outcomes.28-31 In a recent study, Kuratani and colleagues
reported on 86 patients undergoing TAAA repair with a
novel hybrid procedure.28 Both 30-day mortality and post-
operative renal failure were 2.3%. Donas et al evaluated the
effectiveness of the Viabahn Open Revascularization Tech-
nique (VORTEC) in TAAA and pararenal aortic aneurysm
repair (PAAA) in 58 high-risk patients.29 The 30-day mor-
tality rate was 8.6%, and no patient required permanent
dialysis.29 Greenberg et al assessed the use of branched
endovascular grafts to treat complex aortic aneurysms in 50
patients at prohibitive risk for open surgical repair; early
mortality was 2%, and the need for new dialysis was 2%.30

With respect to fenestrated aortic endografts, a recent
study by Haulon et al reported on 80 high-risk patients
who underwent elective fenestrated aortic endograft place-
ment for juxtarenal, suprarenal, and extent IV TAAA aortic
aneurysms. Early mortality was 2.5%, with one patient
requiring long-term hemodialysis.31 While these studies
highlight the early safety of endovascular repair, long-term
follow-up of aneurysm sac behavior, visceral artery patency,
and long-term mortality remains lacking. Moreover, it is
worth noting that there appears to be little difference in the
“high-risk” patients undergoing elective endovascular re-
pair and the patients referred to high-volume centers for
open extent IV TAAA repair. In the study by Haulon et al,
“high-risk criteria” included 15% of patients �80 years of
age, 54% of patients with coronary artery bypass grafting/
percutaneous coronary intervention or previous myocardial
infarction, 20% of patients with left ventricular ejection
fraction �40%, 40% of patients with chronic obstructive
pulmonary disease, and 44% of patients with preoperative
renal insufficiency with no patient on preoperative dialy-
sis.31 In the current study, 19% of patients were over 80
years of age, 43% of patients had a history of coronary artery
bypass grafting, percutaneous coronary intervention, or
myocardial infarction, 17% had left ventricular ejection
fraction �45%, 36% of patients had chronic obstructive
pulmonary disease, and 64% of patients had preoperative
renal insufficiency with four patients on preoperative dial-
ysis. Furthermore, 22% of the repairs in this study were

nonelective.
There are several limitations of the current study. First,
t is a retrospective study from a single center. Although a
arge number of patients underwent extent IV TAAA repair
t the Hospital of the University of Pennsylvania during the
0-year time period, the results could be confirmed in a

arger prospective multicenter study. Second, there were
issing data on supraceliac, left renal artery, and lower

xtremity ischemia times, which might reflect bias if avail-
ble times were more likely to be present for shorter isch-
mic times. However, it seems reasonable that our low
ortality and morbidity rates following open extent IV

epair reflect short ischemic times.
In summary, this study indicates that open extent IV

AAA repair can be performed with relatively low morbid-
ty and mortality in high-risk patients at a high-volume
enter. Left renal artery bypass does not appear to contrib-
te significantly to morbidity and mortality. We have con-
rmed the results of other studies, showing that preopera-
ive renal insufficiency predicts 30-day mortality, renal
ailure, and major complications in patients undergoing
pen extent IV TAAA repair. In addition, we found that
atients with a history of cerebrovascular disease and post-
perative renal insufficiency have an increased risk of long-
erm mortality.
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