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21.1	 �Introduction

The treatment of thoracoabdominal aortic aneu-
rysms (TAAA) is currently the most challenging 
operation for vascular and cardiovascular sur-
geons. In most cases, conventional open repair of 
TAAA represents the best treatment for patients 
deemed fit for surgery.

In the last few decades, technical advances 
in surgery, anesthesiology, and intensive care 
have improved clinical outcomes of TAAA open 
repair with 30-day mortality of less than 10% in 
selected series [1]. In larger series of patients, 
these results are not duplicated with overall mor-
tality from 20 to 25%, even higher in subgroups 
of older patients [2]. Apart from mortality, 

neurological complications, in particular repre-
sented by spinal cord ischemia, remain the criti-
cal issue for the outcome of patient treated with 
open repair. Thus, in order to treat that propor-
tion of patients with severe comorbidities or with 
prior aortic surgery, a less-invasive approach is 
needed. Hybrid TAAA treatment consists of the 
debranching of aortic collaterals and the exclu-
sion of aortic aneurysms with a straight aortic 
endograft.

21.2	 �Surgical Procedure

Hybrid TAAA repair consists in a two-staged 
procedure: the first is the open visceral and renal 
debranching and the second is the aortic endo-
grafting.

The first stage is usually achieved through 
midline laparotomy; in fact, in the absence of 
prior abdominal surgery or laparotomy, this 
approach allows a contemporary exposure of the 
proximal segment of visceral and renal arteries as 
well as the iliac arteries.

Celiac trunk (CT) isolation can be achieved in 
the omental bursa above the pancreas (Fig. 21.1).

CT revascularization can be accomplished 
via an end-to-side bypass to the common hepatic 
artery. By revascularizing the hepatic artery but 
ligating the celiac trunk, the left gastric and splenic 
arteries can continue to be perfused by retrograde 
flow from the proximal hepatic artery. In the case 
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of anastomosis directly to the celiac trunk, an 
end-to-end anastomosis is usually preferred in 
a position which allows the vessel to be ligated 
after completion of the bypass. The bypass can be 
routed in retropancreatic position, but antepancre-
atic routing especially in cases of anastomosis on 
the common hepatic artery can avoid the risk of 
pancreatic damages due to tunneling (Fig. 21.2).

An end-to-end anastomosis is usually pre-
ferred for the superior mesenteric artery (SMA) 
in the omental bursa behind the pancreas. The 
SMA can be easily identified at the base of the 
transverse mesocolon and vascularized by an 
end-to-side anastomosis with a ligation just prox-
imally to the graft (Figs. 21.3 and 21.4).

Both renal arteries can be easily isolated proxi-
mally as they branch from the abdominal aorta, and 
also in this case, an end-to-end bypass is preferred.

In cases in which a distal isolation of the right 
renal artery is needed, it can be achieved with 
Kocher’s maneuver consisting in medial mobili-
zation of the duodenum (Fig. 21.5).

During visceral reconstruction, organ ischemia 
can be managed using Pruitt-Inahara catheters 
positioned in vessels’ ostia in order to permit con-
temporary clamping and perfusion (Fig. 21.6).

The visceral arteries can be perfused with 
cold perfusion (Ringer’s solution 4 °C); in cases 
requiring a longer renal clamping, a renal perfu-
sion with a bolus of 4 °C 300 mL of lactated Ring-
er’s solution supplemented with mannitol 18% 
(70 mL) and 6-methylprednisolone (500 mg) or 
Custodiol® solution can be used.

In all reconstruction the grafted vessels are dis-
sected over adequate distances to allow for secure 
management and ligation. Prosthetic bypass grafts 
are used for revascularization. Commercially 
available grafts designed for abdominal debranch-
ing can be used, but in addition, different custom-
made configurations for visceral bypasses can be 
obtained with a variety of straight or bifurcated 
Dacron or e-PTFE prostheses.

In most cases, bypasses are constructed in a ret-
rograde fashion. The choice of inflow site is based 
on the TAAA extension, the presence of prior aor-
toiliac surgery, and the quality of the walls of native 
vessels. In fact, the proximal anastomosis is usually 
placed on the common iliac arteries, but the infrare-
nal aorta, in the absence of aneurysms, can be used 
as inflow site. In cases of infrarenal and iliac aneu-
rysms, it is possible to replace infrarenal aorta with 
a tube or bifurcated prosthesis and then use the graft 
as the inflow site for visceral bypasses (Fig. 21.7).

In these cases, attention must be taken to leave 
enough native aorta or graft to ensure a good distal 
landing zone to place the planned endograft. Rarely, 
in selected cases, the thoracic aorta can be used as 
inflow site for visceral debranching constructing the 
bypasses in anterograde fashion (Fig. 21.8).

Target vessels can be revascularized individu-
ally or in a series with jump grafts. Finally, in 
the majority of cases, the proximal stump of the 
target arteries was ligated to avoid retrograde per-
fusion of the aneurysm.

Fig. 21.1  Intraoperative image showing celiac trunk 
exposure. The greater omentum is divided and the stomach 
moved down and to the left side, exposing the pancreas. 
The origin of celiac trunk (under a vessel loop) is just 
behind the pancreas which can be carefully moved down 
to gain enough space for the anastomosis

Fig. 21.2  The prosthetic branch to celiac trunk can be 
routed behind the pancreas as shown by the dashed line
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a b

Fig. 21.3  Vascular access for the superior mesenteric artery (white arrow) can be achieved via the omental bursa at its 
origin from the aorta (A) or at the base of the mesocolon just cranially to the left renal vein

a b

Fig. 21.4  Intraoperative image showing distal SMA sep-
arated from its origin and is exposed nearby the graft (yel-
low arrow) to perform the distal end-to-end anastomosis. 

After the completion of the suture, the graft to the SMA is 
positioned in the omental bursa nearby the graft to the 
celiac trunk (asterisk)

21  Hybrid Repair of Thoracoabdominal Aortic Aneurysm with Rerouting of Visceral Arteries
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Recently, the use of sutureless anastomosis 
techniques has been proposed for the reconstruc-
tion of visceral vessels (Chap. 22). The VORTEC 
(Viabahn Open Revascularization TEChnique) 
[3] is a less-invasive prosthetic graft anastomotic 
technique that uses self-expanding stent grafts 

(W.L.  Gore & Associates, Inc., Flagstaff, AZ, 
USA) that are “telescoped” into aortic vessels, 
and the end of the stent graft outside of the tar-
get artery is sutured end to side directly with the 
inflow vessel. The main morphological indica-
tions to perform the VORTEC are diameter of the 
renal or superior mesenteric artery >4 mm, distal 
landing zone of >1 cm, and absence of relevant 
branches of the artery in the landing zone.

The use of Gore Hybrid Vascular Graft 
(W.L.  Gore & Associates, Inc., Flagstaff, AZ, 
USA) may represent a significant advantage in 
reducing vessel dissection and organ ischemia 
during revascularization [4]. As described for the 
VORTEC, the use of this graft in most cases is lim-
ited to renal arteries (Fig. 21.9) which usually have 
enough space for the deployment of the covered 
stent before the origin of its first side branches.

After the completion of renovisceral bypasses, 
when possible, they should be covered with retro-
peritoneum or omental flaps to avoid direct con-
tact with the bowel.

The second stage of the hybrid repair consists of 
aortic endografting to exclude the aneurysm. It can 
be performed concomitantly or in a staged fashion. 
A staged approach allows the patient to recover 
from the surgical stress of laparotomy and from 
visceral and renal debranching, but on the other 
hand, the waiting for a subsequent aortic endograft 
leaves the patient at risk of interval rupture [5].

Fig. 21.5  Intraoperative image showing complete skele-
tonization of the renal hilum with renal vessels suspended 
by red vessel loops. By a surgical dissection of the duode-
num, it can be reflected to the left (Kocher’s maneuver) 
giving access to distal right renal artery

a b

Fig. 21.6  Intraoperative images of a right renal artery 
reconstruction. A Pruitt-Inahara catheter is positioned into 
the artery to achieve endo-clamping and contemporary 

perfusion with cold solution (a). In this case the ringed 
e-PTFE graft is routed behind the inferior cava vein (b) 
which in the image is moved left under the retractor
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a b

c d

Fig. 21.7  Intraoperative images of different graft con-
figurations for visceral and renal revascularization. (a) 
After infrarenal aortic replacement, aortic graft is used as 
inflow site for visceral bypasses. In absence of aneurysms, 

the common iliac artery (b) or infrarenal aorta (c, d) could 
be an option to seat the proximal anastomosis of bypasses. 
Visceral and renal vessels can be vascularized individually 
(a) or in series with bifurcated grafts (b–d)

21  Hybrid Repair of Thoracoabdominal Aortic Aneurysm with Rerouting of Visceral Arteries
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Fig. 21.8  An anatomical 
drawing and a CT scan 3D 
reconstruction of an 
atypical debranching for 
visceral and renal arteries. 
In this case, the inflow site 
used for bypasses is the 
ascending aorta with the 
prosthesis routed through 
the diaphragm

Fig. 21.9  A postoperative 
CT angiography showing 
reconstruction of the right 
renal artery with Gore 
Hybrid Vascular Graft. In 
the right yellow box, the 
reconstructed renal artery 
is marked, compared with 
the left yellow box which 
shows a sample of a Gore 
Hybrid Vascular Graft
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Different combinations of thoracic endografts 
can be used to achieve TAAA exclusion. A femo-
ral approach, percutaneous or with a surgical 
exposure of the artery, is usually preferred. In 
selected cases, iliac artery or a prosthetic conduit 
attached or pre-sewn to aortic vascular graft can 
be used as an access site for the endograft. The 
choice of endovascular device should be based 
on surgeon experience and preference and patient 
anatomy. Completion angiography must always 
be performed after deploying the graft to ensure 
the effective aneurysm exclusion and to check the 
patency of visceral bypasses (Fig. 21.10). Due to 
the extension of aortic coverage, especially for 
Crawford’s type I to III TAAA, spinal drain and 
somatosensory evoked potential (SSEP) monitor-
ing might be used for spinal cord protection.

21.3	 �Clinical Outcome

The hybrid approach to TAAA should have the 
theoretic advantage to reduce major complica-
tions. The possibility to treat a complex aortic 
pathology with a standard median laparotomy 

and endovascular repair remains appealing. In 
scientific literature, many studies have been pub-
lished reporting ambiguous results with a big het-
erogeneity in terms of mortality and morbidities 
(Table 21.1).

In 2012 a meta-analysis published by Mou-
lakakis et  al. [27] confirmed such controversial 
outcomes. The authors analyzed 14 studies with 
a total of 528 patients and mean follow-up time 
of 34.2  months. The 30-day mortality rate was 
14.3%; the symptomatic spinal cord ischemia, 
irreversible paraplegia, permanent renal failure, 
and mesenteric ischemia were 7%, 4.4%, 7%, and 
4.5%, respectively. Pooled estimates for primary 
technical success and visceral graft patency were 
95.4% and 96.5%, respectively. Furthermore, the 
authors reported that better results with lower 
complication rates are achieved in high-volume 
aortic centers.

21.4	 �Discussion

There are currently three options for the treatment 
of TAAA. Open surgical TAAA repair (Chap. 19) 
is demonstrated to represent a durable option [28, 
29], but in older patients with significant comor-
bidities, it may not be tolerated for the exposure 
of two cavities, left heart bypass and aortic cross-
clamping. The search for less stressful procedures 
has been proposed to treat high-risk populations 
who are not deemed fit for open surgery. Total 
endovascular approaches with branched or fenes-
trated endografts (Chap. 24) have been described 
as very promising options [30] but are not widely 
available and require a degree of endovascular 
skills that not all centers possess. Furthermore, in 
some cases, the waiting time for the production 
of custom-made devices may expose patients to 
the risk of aneurysm rupture.

The hybrid TAAA repair, first described by 
Quinones-Baldrich in 1999 [31], is associated to 
less surgical stress with a technique that can even 
be applied in patients with several limitations. By 
avoiding thoracotomy, hybrid repair may be con-
sidered in patients with previous thoracic surgery. 
In fact, a redo left-side thoracotomy in a “frozen 
chest” could be technically complicated, and 

SMA CT
LRA

RRA

Fig. 21.10  An intraoperative angiography after deploy-
ment of the endograft showing the patency of visceral 
graft to the celiac trunk (CT), superior mesenteric artery 
(SMA), and left and right renal artery (LRA, RRA)
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aortic exposure in a scarred operatory field can 
increase both intraoperative complications such 
as bleeding and organ injuries and postoperative 
complications like respiratory failure [32, 33].

The choice of simultaneous or staged procedure 
is a debated issue. The one-stage strategy has the 
advantage to eliminate the risk of interoperative rup-
ture [16] and in cases of inadequate femoral arter-
ies can be an advantage to prompt availability of 
aortic or iliac access for the endograft deployment. 
In cases of staged procedure and unavailability of 
femoral access, a prosthetic conduit implanted on 
the abdominal aorta may be a solution. The staged 
approach offers the advantage of shortening the 
overall procedural time, thus reducing organ isch-
emic time and the risk of renal injury [4].

Postoperative renal failure remains a major 
complication after TAAA repair [5]. The hybrid 
approach does not eliminate the risk of renal 
injury that remains higher than 60%, especially 
in patients treated with a single-staged interven-
tion [34]. In fact, the combination of renal isch-
emia during debranching and the administration 
of contrast right after renal revascularization 

can significantly increase the risk of renal fail-
ure, especially in patients with preexisting lower 
renal function. The use of sutureless techniques 
or new graft configuration [3, 4] for the revas-
cularization of renal arteries showed a reduction 
of renal injury after renal revascularization due 
to the shortening of surgical and ischemia time. 
Tshomba et  al. [35] recently proposed the use 
of Custodiol® solution for renal artery perfu-
sion during open TAAA repair, demonstrating a 
reduction of acute kidney injury and improving 
perioperative renal function compared with cool 
lactated Ringer’s solution.

The problem of spinal cord ischemia (SCI) 
has not been eliminated by hybrid TAAA repair, 
due to the requirement of extensive coverage of 
thoracoabdominal aorta [36]. In fact, Gravereaux 
et al. [37] demonstrated a significant association 
between a longer stent graft length and the inci-
dence of neurological symptoms. Of course, the 
avoidance of aortic cross-clamping could lead to 
a major intraoperative and postoperative hemody-
namic stability with reduction of risk of SCI [38]. 
The use of simultaneous adjuncts such as PESS 

Table 21.1  Published studies reporting TAAA experience with at least more than five patients (ND, not described or 
not reported)

Author n
30-day 
mortality (%) Paraplegia (%)

Graft patency 
rate (%) Endoleaks (%)

Mean follow-up 
(months)

Fulton et al. [6] 10 0 0 100 10 8.7
Resch et al. [7] 13 23 15 ND ND ND
Zhou et al. [8] 31 3.2 0 98 6 16
Gawenda et al. [9] 6 0 0 94.7 0 ND
Lee et al. [10] 17 24 0 96 12 8
Van de Mortel et al. [11] 16 31 0 95 13 13
Böckler et al. [12] 28 14.3 4 86 17.8 22
Quinones-Baldrich et al. [13] 20 0 6.6 100 30 17
Donas et al. [14] 58 8.6 3.4 97 17 22
Biasi et al. [15] 18 16.7 5.6 98.1 38.9 23
Drinkwater et al. [16] 107 15 8.4 87 33 ND
Patel et al. [17] 23 17 4 90 23 6
Kabbani et al. [18] 36 8.3 0 93 39 6
Muehling et al. [19] 16 31.2 6.2 ND 37.5 12
Kuratani et al. [20] 86 2.3 0 99 17 88
Wolf and Eckstein [21] 20 10 10 ND 30 6
Smith et al. [22] 24 12.5 8.3 99 12 12
Hughes et al. [23] 58 9 4 95 ND 26
Tshomba et al. [24] 52 14 1.9 93 7.7 24
Rossett et al. [25] 76 34 11 99 3 30
Massoni et al. [26] 45 24 13 79 ND 26

L. Apruzzi et al.
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and MES monitoring and cerebrospinal fluid 
drainage can reduce the incidence of SCI espe-
cially for Crawford’s type II TAAA or in case of 
prior aortic repairs [39].

The patency and related complications of 
visceral bypasses are another matter of concern. 
Visceral graft occlusion may be the cause of dev-
astating complications, such as pancreatitis and 
bowel ischemia. A safe routing of visceral graft 
must always be performed, as mentioned above, 
an antepancreatic routing of celiac trunk graft 
should be preferred in order to reduce pancreatic 
injuries. Therefore the risk of enteric erosion or 
fistulization must be monitored in the follow-up. 
A postoperative angiogram both in not-staged and 
in staged procedures can show technical defects 
of the anastomosis or visceral vessel dissection 
that can be promptly corrected. In particular for 
the SMA, vessel angulation can be a risk factor 
for a graft occlusion evidenced after bowel repo-
sitioning, kinked anastomosis, or twisted grafts 
can be corrected with a self-expandable stent.

A limitation of hybrid TAAA repair involves 
endoleaks probably secondary to aortic remod-
eling over time and long-segment endografts 
implanted for aneurysm exclusion [40]. In 

scientific literature, the incidence of endoleaks is 
variable in different series (Table 21.1) but is a 
matter of concern because it may expose patients 
to future reintervention and may leave them at 
risk of aneurysm rupture. Especially in cases of 
type Ia endoleak, the treatment may be challeng-
ing in cases of inadequate proximal landing zone 
nearby supra-aortic vessels.

A postoperative surveillance of patients, in 
particular for Crawford’s type II TAAA, should be 
maintained with contrast CT scans at scheduled 
follow-up intervals of 1, 6, and 12 months and 
yearly thereafter, given to their risk for endoleak 
and for visceral graft occlusion (Fig. 21.11).

21.5	 �Conclusion

Open conventional repair represents the gold 
standard for the treatment of TAAA for patients 
considered fit for surgery. Hybrid repair for 
TAAA remains an appealing technique, but many 
issues about this approach remain unsolved such 
as the outcome of visceral bypasses, long-term 
durability of the endograft materials, and the fate 
of excluded aneurysm in terms of endoleaks.

a b c

Fig. 21.11  Preoperative (a) and 1-year CT angiography (b) after a Crawford’s type II TAAA hybrid repair. Note in the 
zoomed image (c) the aneurysm exclusion and patency of visceral and renal arteries after repair

21  Hybrid Repair of Thoracoabdominal Aortic Aneurysm with Rerouting of Visceral Arteries
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Complete abdominal aortic debranching and 
endovascular aneurysm exclusion remains a good 
option for selected elderly, high-risk patients in 
high-volume centers with expertise in manage-
ment of visceral revascularization. Nowadays, 
fenestrated and branched endografts are develop-
ing as a less-invasive alternative for treating com-
plex aortic aneurysms with good results.

The question of whether hybrid repair leads 
to improve outcomes compared to open or total 
endovascular repair still remains controversial, 
and larger study cohorts with longer follow-up 
are needed.
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