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Introduction

Thoracoabdominal aortic aneurysms (TAAAs) remain a 
formidable surgical challenge with conventional open repair 
associated with significant rates of mortality and morbidity 
in the average center (1). Two-thirds of these aneurysms 
are degenerative (atherosclerotic) in nature and typically 
occur in the elderly with significant co-morbidities, most 
commonly chronic obstructive pulmonary disease. This 
population is particularly poorly suited for conventional 

repair (2), and the search for an alternative approach to 
managing these patients has led to the development of 
the so-called “hybrid” method of repair involving extra-
anatomic bypass of the visceral vessels (“debranching”), 
with subsequent endovascular exclusion of the aneurysmal 
pathology (3,4). This hybrid TAAA repair procedure uses 
currently available off-the-shelf thoracic and abdominal 
endovascular devices and familiar surgical techniques, 
and has become the procedure of choice in our center for 
patients deemed high risk for conventional open TAAA 
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repair. The current paper represents an update of our 
single-center experience (5) with total visceral debranching 
and endovascular repair for TAAAs.

Methods

Patients and data source

A prospective cohort review was performed of all patients 
(n=58) undergoing hybrid repair involving complete visceral 
debranching and endovascular aneurysm exclusion for 
Crawford extents I, II and III TAAAs between March 2005 
(date of FDA approval of the first available thoracic device 
in the U.S.) and June 2012 at a single referral institution. 
Preoperative, intraoperative, and postoperative variables 
were abstracted from the Duke Thoracic Aortic Surgery 
Database, which is a prospectively maintained clinical registry 
of all patients undergoing thoracic aortic surgery at Duke 
University Medical Center (Durham, NC) since 2005. The 
study was reviewed and approved by the Institutional Review 
Board of Duke University and the need for individual patient 
consent was waived. General criteria regarding patient 
selection for “hybrid” over conventional TAAA repair have 
been described previously (3,5) and include age >65 years, 
cardiac disease, pulmonary disease, renal insufficiency, and 
prior open abdominal or descending/TAAA repair. These 
criteria are relative factors in the decision-making process 
and not absolute indications/contraindications. Ideally, the 
decision for conventional versus “hybrid” repair should be 
made by a surgical team with expertise in both techniques 
and consideration of institutional results with each technique 
should factor heavily into the decision making process (3). 
We consider the presence of a connective tissue disorder to 
be a contraindication to this approach unless proximal and 
distal landing zones are completely within existing Dacron 
grafts (6). Crawford extent IV aneurysms are treated with 
conventional open repair at our institution and are not 
included in this report.

This report includes all data collected through the 
patients’ most recent follow-up visit. In addition, the social 
security death index was queried (http://ssdi.rootsweb.
com/) to confirm all patient deaths, including patients not 
returning for follow-up visits. For those patients dying 
in follow-up, cause of death was confirmed by review of 
medical records or family interview in all cases. Survival 
analyses were performed using the Kaplan-Meier method. 
All data are presented in accordance with the “Reporting 
standards for thoracic endovascular aortic repair (TEVAR)” 
of the Society for Vascular Surgery Ad Hoc Committee on 

TEVAR Reporting Standards (7).

Operative technique

Although originally performed in a single stage to include 
both the debranching and endovascular portions of the 
procedure (3,4,8), the repairs are now done in a staged 
fashion with the open abdominal portion performed first 
and the endovascular portion 3-7 days later during the same 
hospitalization. Details regarding the technique of visceral 
debranching have been previously described in detail (5). 
Briefly, a midline laparotomy incision is performed, and 
the right renal artery approached first by incising the 
peritoneum lateral to the third portion of the duodenum 
and exposing the inferior vena cava (IVC). The right renal 
vein is identified where it enters the IVC, and the artery 
is usually found cephalad and deep to it. The preoperative 
imaging is studied carefully to insure the main trunk of the 
artery is controlled if there is early branching. Attention is 
then turned to the infrarenal aorta, which is exposed via a 
standard dissection of the anterior surface up to the level of 
the left renal vein. The proximal superior mesenteric artery 
(SMA) and celiac axis are next exposed above the left renal 
vein by elevating the pancreas. These vessels are dissected 
over adequate distance to permit clamping, division, and 
secure closure of the aortic stump. The aorta at the origins 
of these vessels is aneurysmal and often friable, so extreme 
care must be taken to insure an adequate and secure closure. 
This often includes oversewing with pledgeted vascular 
sutures. Finally the left renal artery is dissected free, which 
may require division of some branches of the left renal vein. 
The proximal inflow anastomosis for the multibranched 
visceral bypass graft utilized for debranching can be to 
the distal aorta, either iliac system if large enough, or a 
previously placed aortic graft or iliac limb; the left common 
iliac artery is the most common inflow source. 

A commercially available graft (Vascutek, Ann Arbor 
MI, USA) designed specifically for this operation is used 
(Figure 1). The graft has a 14-mm trunk, two 6-mm side-
limbs for the renal arteries, and two 8-mm side limbs for the 
visceral (celiac, SMA) branches. In addition there is a 10-
mm side-limb at the proximal end adjacent to the inflow 
anastomosis that is used as a conduit for the large sheaths 
during the delayed second endovascular stage. This generally 
avoids the need for additional vascular exposure at this second 
operation. At the end of the first operation, just before closing, 
the conduit limb designed for endograft introduction is exited 
in a retroperitoneal tunnel to a pocket on the abdominal 
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wall that is positioned to afford as straight-line access to the 
aorta as possible. Each branch of the debranching graft has 
radiographic markers for identification should angiography of 
the bypass graft be required in the future. 

Following completion of the vascular exposures, the patient 
is heparinized (100 u/kg) to a target ACT >200 seconds. The 
proximal inflow anastomosis is done first, after trimming 
the graft obliquely so as to minimize the angle of entry of 
the endovascular access limb to the aorta. The origin of the 
bypass graft is marked with radiographic markers to allow 
identification of the graft origin under fluoroscopy and aid 
in deployment of the endovascular grafts as the radiographic 
markers indicate the most distal position beyond which the 
endografts should not extend so as to avoid compromising 
the inflow to the visceral debranching graft. The branches 
of the graft are then sequentially anastomosed to their 
respective visceral branches in end to end fashion. In this 
manner, visceral ischemia time is minimized and usually 
less than 10 minutes per anastomosis. After completing 
the three left sided bypasses, the right renal graft is passed 
through the root of the mesentery over the aorta and IVC 
to the right retroperitoneal exposure. After completion of 
all anastomoses, the heparin is reversed with protamine and 
other clotting factors are given as required. The graft can 
usually be covered with peritoneum to avoid adhesion of the 
bowel to the graft. After storing the access limb in a small 
subcutaneous abdominal wall pocket, the abdomen is closed 

in standard fashion.
Post-first stage debranching, the patient is monitored 

overnight in the cardiothoracic intensive care unit. They 
are maintained well hydrated, and bowel function, renal 
function, and blood pressure are monitored. The second 
stage is performed 3-7 days later to permit recovery of renal 
function and avoid simultaneous renal stress with contrast 
injection. Patients remain in the hospital between stages to 
reduce the risk of interval rupture through a monitored care 
environment and by minimizing the time interval between 
procedures. Both the first and second stages are done in a 
hybrid operating room with fixed imaging equipment and 
full operative capability. 

Details regarding the technique of second stage 
endovascular repair have been previously described in 
detail (5). To start the endovascular second stage, the access 
limb of the debranching graft is exposed by opening the 
abdominal wall pocket. The graft limb is pulled out of the 
pocket and thrombectomized. The only other vascular 
access that is required for this stage (unless a bifurcated 
distal device is utilized, in which case unilateral groin 
exposure will be required as well) is a percutaneously 
placed 5-French sheath in either femoral artery for 
passage of the diagnostic angiographic catheter. The 
aneurysm is then relined by deploying any of the 
available thoracic (+/- abdominal) endograft systems. The 
large bore access sheath is inserted only a small distance 

Figure 1 Custom-designed multibranch Dacron graft used for visceral debranching during hybrid thoracoabdominal aortic aneurysm repair
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into the access limb of the visceral debranching graft to 
avoid occlusion of the main channel feeding the viscera 
during endograft delivery. After endograft deployment 
and completion arteriogram of the aorta, the debranching 
limb is selectively imaged to confirm visceral and renal 
graft limb patency. After completion of the endovascular 
procedure, the access limb is amputated and buried 
beneath the abdominal wall.

For patients with Crawford extent I or II TAAAs 
requiring left subclavian artery coverage as part of the 
repair, the left subclavian artery is revascularized for a 
spinal cord protection indication (9) via a left common 
carotid to left subclavian bypass at the beginning of the 
second stage procedure. The endovascular procedure is 
done using somatosensory and motor evoked potential 
electrophysiological monitoring of spinal cord function as 
previously described (10), routine lumbar cerebrospinal 
fluid drainage, and invasive cardiovascular monitoring in the 
event that evoked potential evidence of spinal cord ischemia 
requires manipulating the blood pressure or draining of 
spinal fluid. 

Data analysis

Univariate comparisons of preoperative, operative, and 

postoperative variables were performed between patients 
undergoing simultaneous or staged aneurysm repair. 
Continuous variables were compared using non-parametric 
Wilcoxon’s sign test, and categorical variables were assessed 
by the chi-squared test or Fisher’s exact test. A probability 
value of less than 0.05 was considered statistically 
significant. Unadjusted survival estimates were calculated to 
produce a Kaplan-Meier curve for overall and aorta-specific 
survival, as well as simultaneous vs. staged survival, using 
the log-rank test. All survival analyses were conducted using 
GraphPad Prism version 4.00 for Windows (GraphPad 
Software, San Diego, CA, USA).

Results

Patient demographics

Baseline patient characteristics are presented in Table 1 and 
operative and procedural characteristics in Table 2. Data are 
presented for the overall group as well as for simultaneous 
versus staged repair. Simultaneous repair was utilized in 
the initial 33 patients while a staged approach performed 
in the most recent 25 cases; this was performed during a 
single hospital stay in 24 of the 25 patients. The second 
stage procedure was performed during a delayed second 

Table 1 Baseline patient characteristics

Variable Overall (n=58) Simultaneous repair (n=33) Staged repair (n=25) P value

Age, median years 69.0± 69.9 67.7 0.35

Female 29 (50%) 12 (36%) 17 (68%) 0.02

Non-white race 23 (40%) 13 (39%) 10 (40%) 0.96

Body mass index, mean kg/m2 (SD) 27.2±5.7 28.1±6.3 26.2±4.9 0.31

Active or recent smoker 39 (67%) 21 (64%) 18 (72%) 0.50

Hypertension 48 (83%) 27 (82%) 21 (84%) 0.83

Diabetes mellitus 6 (10%) 6 (18%) 0 0.02

History of stroke 12 (21%) 7 (21%) 5 (20%) 0.91

History of myocardial infarction 12 (21%) 4 (12%) 8 (32%) 0.06

Ejection fraction, mean (SD) 53.5±4.4 54.0±2.5 53.0±5.8 0.84

Peripheral vascular disease 16 (28%) 8 (24%) 8 (32%) 0.51

Chronic obstructive pulmonary disease 25 (43%) 11 (33%) 14 (56%) 0.08

Connective tissue disorder* 2 (3%) 2 (6%) 0 0.21

Previous aortic surgery 33 (57%) 19 (58%) 14 (56%) 0.90

Previous aortic dissection 7 (12%) 4 (12%) 3 (12%) 0.99

Preoperative creatinine, mean (SD) mg/dL 1.5±1.2 1.5±1.3 1.5±1.2 0.84

SD = standard deviation; *Both visceral patch aneurysms in patients with Marfan syndrome after prior open TAAA repair
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hospitalization 9 weeks later in a single patient with chronic 
renal insufficiency who developed transient acute renal 
failure following first stage visceral debranching; the second 
stage repair was performed following renal recovery. There 
were no differences in baseline characteristics between 
patients undergoing simultaneous versus staged repair. In 
the staged group no patient failed to complete the second 
endovascular stage.

Procedural (30-day) outcomes

All patients in this series had debranching of all patent 
visceral vessels; a total of 214 visceral bypasses were 
performed in the 58 patients for a mean of 3.7 bypasses per 
patient with the median number of vessels bypassed/patient 

being 4. The median number of main body endograft 
components deployed per case was 3 (range, 1-6); 9 (16%) 
patients required use of a bifurcated abdominal endografting 
system distally to obtain seal within the iliac arteries due to 
lack of adequate distal landing zone within the infrarenal 
aorta.

The 30-day/in-hospital operative outcomes are presented 
in Table 3. Data are presented for the overall group as well as 
for simultaneous versus staged repair. Operative mortality, 
defined as death within 30 days of the procedure or 
during the same hospital admission, was 9% (5/58) for the 
entire cohort. Rates of stroke and permanent paraparesis/
paraplegia were 0% and 4% (2/58), respectively. Results 
were improved in the most recent 25 patients treated with 
a staged approach with 4% mortality, and no strokes or 

Table 2 Operative characteristics by procedure

Variable Overall (n=58) Simultaneous repair (n=33) Staged repair (n=25) P value

Maximum aortic diameter, mean cm (SD) 6.7±1.2 6.8±1.5 6.5±0.9 0.86

ASA Class 3 38 (66%) 20 (61%) 18 (72%) 0.37

ASA Class 4 20 (34%) 13 (39%) 7 (28%)

Elective status 48 (83%) 27 (82%) 21 (84%) 0.83

Urgent/emergent status 10 (17%) 6 (18%) 4 (16%)

Crawford classification

Extent I 3 (5%) 1 (3%) 2 (8%)

Extent II 21 (36%) 9 (27%) 12 (48%)

Extent III 34 (59%) 23 (70%) 11 (44%)

ASA = American Society of Anesthesiologists

Table 3 30-day/in-hospital operative outcome measures

Variable Overall (n=58) Simultaneous repair (n=33) Staged repair (n=25) P value

Operative time (min) 338 [293-403] 373 [324-435] 301 [285-344]† 0.001

Estimated blood loss (mL) 1,300 [700-2,500] 1,975 [800-3,000] 1,100 [200-1,350]† 0.02

Intra-op PRBC transfusion (mL) 1,050 [350-1,750] 1,400 [700-2,100] 700 [350-1,050]† 0.01

Intubated to ICU 43 (74%) 29 (88%) 14 (56%)# 0.006

Stroke >72 hours 0 0 0 1

Permanent paraparesis/plegia* 2 (3.5%) 2 (6.1%) 0 0.21

Ventilation >24 hours 6 (10.3%) 6 (18.2%) 0 0.02

Tracheostomy 2 (3.5%) 2 (6.1%) 0 0.21

New dialysis requirement 7 (12.1%) 5 (15.2%) 2 (8.0%) 0.41

Length of stay [days] 12.5 [8-14] 10 [7-14] 13 [11-14] 0.03

In-hospital /30-day deaths 5 (8.6%) 4 (12.1%) 1 (4.0%) 0.28

ICU = intensive care unit; PRBC = packed red blood cells; *Denotes condition present at discharge; †Denotes totals for stage 1 + 
stage 2 procedures; #Denotes whether patients remained intubated at the conclusion of either the stage 1 or stage 2 procedure
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paraparesis/paraplegia. Further, operative time, blood loss, 
transfusion, and mechanical ventilation >24 hours were 
all significantly reduced with a staged approach (Table 3). 
Hospital length of stay was longer with a staged approach. 
No aneurysm ruptures occurred in the interval between the 
first and second stage procedures in the staged group.

Follow-up outcomes

Over a mean follow-up of 26+21 months (range, 2-79 
months), visceral graft patency is 95.3% (204/214) 

(Figure 2); all occluded limbs were to renal vessels and 
none resulted in permanent dialysis (Table 4). Patency 
was slightly worse for right (87%) versus left (94%) renal 
bypasses. All graft occlusions were detected on the 1-month 
follow-up scan with no new graft occlusions developing 
thereafter. Two patients (3%) have required re-intervention, 
one for type Ib and one for type III endoleak, at a mean 
of 21+18 months postoperatively. Five-year freedom from 
re-intervention was 94% (Figure 3). Kaplan-Meier overall 
survival was 78% at 1 year and 62% at 5 years, with a 
5-year aorta-specific survival of 87% (Figure 4). There is 

Figure 2 A. Follow-up computed tomographic angiography (CTA) of a patient undergoing hybrid extent II TAAA repair demonstrating 
widely patent 4-vessel visceral debranching graft and thoracic endografts extending from just distal to the bovine trunk/left common carotid 
artery down to the aortic bifurcation. The left subclavian artery has been covered and a patent left common carotid to left subclavian artery 
bypass is seen (arrow); B. Detailed view of abdominal portion of CTA from the same patient demonstrating origin of 4-vessel visceral 
debranching graft from left common iliac artery with patent graft limbs to the left renal artery (L renal a.), celiac axis, superior mesenteric 
artery (SMA), and right renal artery (R renal a.). The stump of the antegrade conduit limb used for endograft introduction at the second 
stage endovascular portion of the repair is likewise indicated. The small arrow denotes one of the multiple radiographic markers on the 
debranching graft which identify the origins of the various limbs under fluoroscopy.

A B
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no difference in late survival between those treated with a 
staged versus simultaneous approach (Figure 5), although 
none of the staged patients has follow-up out to three years.

Discussion

There are three competing strategies for surgical 
management of extent II and III TAAAs. Open repair, 

usual ly  with  cardiopulmonary  bypass  and direct 
reconstruction of the visceral segment is a durable operation 
(2), but one that entails a significant surgical stress and is 
poorly tolerated by older patients and those with significant 
co-morbidities. Poor results in this group have led to a 
search for less stressful procedures. A totally endovascular 
approach with endovascular side branches for each of the 
visceral branches has been described. Although commercial 

Table 4 Vessel bypass graft patency over follow-up

Variable Overall (n=58)

Celiac artery bypass 53 (91%)

Superior mesenteric artery bypass 58 (100%)

Right renal artery bypass 53 (91%)

Left renal artery bypass 50 (86%)

Total bypass grafts placed 214

Bypass grafts per patient [median, range] 4 [2-4]

Grafts occluded during follow-up 10 of 214 (4.7%)

Celiac artery bypass 0

Superior mesenteric artery bypass 0

Right renal artery bypass 7 of 53 (13%)

Left renal artery bypass 3 of 50 (6%)

Follow-up months, mean (SD) 26±21

Figure 3 Kaplan-Meier freedom from re-intervention after hybrid 
thoracoabdominal aortic aneurysm repair
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Figure 4 Kaplan-Meier overall and aorta-specific survival after 
hybrid thoracoabdominal aortic aneurysm repair
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devices for pararenal aortic aneurysms are on the threshold 
of availability, devices for extent II and III aneurysms with 
large aneurysmal components of the visceral segment are 
much further away from being available in the United 
States. Furthermore, endovascular bypass of all four of the 
visceral vessels requires a degree of endovascular expertise 
and sophisticated imaging capability that few centers will be 
able to possess. The third strategy, a hybrid of open repair 
but with limited surgical stress, no cardiopulmonary bypass 
or hypothermia, and no aortic cross clamp in conjunction 
with endovascular repair with currently available devices 
has been attractive to our group. It uses familiar surgical 
techniques, currently available endovascular devices 
with proven efficacy, and can be applied to patients 
with significant physiologic limitations. The current 
report updates our extensive single-center series of this 
“hybrid” TAAA repair via open visceral debranching with 
endovascular aneurysm exclusion (5). The results continue 
to demonstrate the hybrid approach utilized to be a safe 
alternative to conventional repair in older patients with 
significant co-morbidity. Further, these updated data further 
confirm our prior assertion that a staged approach to hybrid 
repair with the visceral debranching and endovascular 
portions of the procedure performed 3-7 days apart during 
a single hospital day yields superior 30-day results. Whether 
these superior short-term outcomes will be maintained over 
longer duration follow-up must await further maturation of 
the data (Figure 5).

The results presented herein have not been uniformly 
replicated by other centers performing hybrid TAAA 
repair (11) and reasons for the disparate results reported 
in the literature are unclear. Clearly, patient selection 
is important as previous work from our institution has 
demonstrated that age >75 years, aortic diameter >6.5 cm, 
American Society of Anesthesiologists class 4, baseline 
creatinine >1.5 mg/dL, and congestive heart failure 
are all independently associated with 1-year mortality 
after thoracic endovascular aortic repair, and that these 
characteristics identify patients unlikely to derive a long-
term survival benefit from the procedure (12). As yet 
unpublished results from the North American Complex 
Abdominal Aortic Debranching Registry (13) demonstrated 
a wide variation in mortality rates among large volume 
centers and confirmed the importance of patient selection 
with advanced age, coronary artery disease, congestive 
heart failure, and renal insufficiency, among others, being 
associated with increased mortality. Similar to the results of 
the current study, single-stage procedures were associated 

with increased mortality in that registry.
In summary,  hybrid TAAA repair  with visceral 

debranching followed by endovascular aneurysm exclusion 
remains a good option for elderly, high-risk patients less 
suited for conventional open repair in centers with the 
requisite expertise to care for these complex patients.
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