
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(Suppl 6):S465-S477jtd.amegroups.com

Introduction

Complex  aor t i c  aneurysms ,  inc lud ing  a rch  and 
thoracoabdominal aortic aneurysms (TAAAs), depending on 
the degree of involvement of the supra-aortic trunks (SAT) 
or intestinal and renal vessels, pose a tremendous challenging 
repair for cardiac and vascular surgeons, so different 
alternatives using endovascular approaches have been 
developed. Hybrid procedures using debranching techniques 

can be considered one of them. These approaches employed 
for the treatment of complex aneurysms affecting the aortic 
arch and thoracoabdominal aorta are herein separately 
analyzed with the objective to review their current role in 
the management of both pathologies.
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for treatment of arch pathology (mainly aneurysms and 
dissections), with which the rest of available techniques 
have to be compared to. In most of the cases, it requires 
extracorporeal circulation (ECC), with or without 
circulatory arrest and revascularization of the SAT, and 
the need of performing an “elephant trunk” or a “frozen 
elephant trunk” when the descending aorta is also involved. 
Thanks to advances occurred, especially in cerebral 
protection techniques (antegrade cerebral perfusion), these 
procedures have achieved good results in high volume 
centers with extensive experience. However, overall results 
in the daily practice seem to be worse; even more, if it 
is taken into account that high-risk patients are unable 
to overcome this type of surgery, between 20–40% of 
all patients are excluded for repair due to their age and 
comorbidities, and half of them will die due to aneurysm 
rupture (1).

The aortic arch continues to be the proximal limit 
for endovascular treatment; however, recently different 
lesser invasive techniques have emerged, such as hybrid 
procedures (including debranching techniques) or even a 
complete endovascular repair (endografts with scallops, 
fenestrations, branches and parallel techniques). At the 
moment, endovascular treatment in this territory is only 
justified in high risk patients, however technological 
advances and increased experience have led to a growing 
expansion of endovascular procedures in the aortic arch for 
standard risk patients, which arises specific issues that will 
be commented on here.

General considerations for aortic arch debranching

There is consolidated experience reporting good results 
with endovascular treatment of descending thoracic aorta 
when proximal sealing is performed in Ishimaru’s zones 
3 and 4 (2); which have encouraged surgeons to perform 
surgical procedures in order to create a safe landing area for 
endografts in zones 0 and 1. Nowadays, this kind of hybrid 
procedures, with total or partial arch debranching are well 
accepted in high-risk patients and there are several options 
to debranch the SAT, with grafts that can be routed through 
an anatomical or extra-anatomical path and they can be 
either intra or extra-thoracic. Generally, the election of the 
technique will depend on the characteristics of the diseased 
arch with regard to Ishimaru’s classification:

(I) For sealing in zone 0: SAT are revascularized 
by means of a sternotomy with complete arch 
debranching, by a chimney for the brachiocephalic 

trunk plus extra-anatomical partial debranching, or 
with branched or fenestrated endoprosthesis.

(II) When sealing in zone 1: a right to left common 
carotid artery (CCA) bypass with retro-esophageal 
or subcutaneous tunneling would be adequate, 
which can be associated with revascularization 
(bypass or transposition) of the left subclavian 
artery (LSA), unless the use of chimneys or 
specially designed endografts would be preferred.

(III) When sealing in zone 2: an extra-anatomical left 
CCA-LSA bypass or a transposition of the LSA 
into the left CCA prior to the placement of an 
endoprosthesis would be sufficient for a safe sealing.

Those patients that would require sealing in zone 0 
are the most challenging cases. If a procedure by median 
sternotomy and bypass to all the SAT is decided, several 
alternatives are possible, depending on whether or not the 
creation of a new proximal sealing zone would be required, 
and the degree of involvement of the descending aorta. In 
spite of the fact that there are various classifications, they 
can basically be divided into three groups (3).

(I) Type I hybrid debranching: a dacron graft is 
directly sutured onto the ascending aorta using 
a partial clamping without the need for ECC, 
from which all the branches to SAT arise, with or 
without revascularization of the LSA.

(II) Type II hybrid debranching: in those cases with a 
diseased ascending aorta, it is replaced under ECC 
by a prosthetic graft, from which branches to SAT 
arise.

(III) Type III arch hybrid procedure: when concomitant 
descending aorta involvement exists, a classical 
open arch repair can be performed using an 
elephant trunk technique, or frozen elephant trunk 
with dedicated hybrid grafts.

These procedures may be performed during one or two 
stages. The risk of complications seems to be lower, if they 
are performed in two steps (4,5). Moreover, in cases where 
the aneurysm affects the descending aorta, the recovery 
time between both surgeries would be shorter, and then, 
minimizing the mortality risk from rupture meanwhile.

Once the debranching operation has been performed, 
several technical issues must be considered when deploying 
the endoprosthesis. When it is needed to seal in zone 0 
and the intervention is performed on a retrograde fashion 
during two stages, it is recommended to place a high 
support stiff guide wire inside the ventricle. However, 
control of this guide wire must never be lost given the 
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potential risk of myocardial perforation with devastating 
consequences. There is also risk of aortic valve impairment, 
due to the fact that it is frequently necessary to cross the 
aortic valve with the “nose” of the device. So, avoiding 
pitfalls during navigation and placement of the device in 
this area is an extremely important consideration to take 
into account. With the objective to avoid damage to the 
aortic valve during a single step procedure, a dacron graft 
can be sutured close to the aortic root through which guide 
wires and the endograft can be introduced, obtaining good 
stability of the system. This measure can be especially useful 
in the case of previously prosthetic aortic valve replacement. 
If a partial debranching using chimneys is decided, 
apparently this procedure would offer several advantages: it 
permits sealing in zone 0 without sternotomy, it is an easier 
procedure than fenestrated or branched endografts and it 
uses conventional devices, allowing its application in urgent 
cases. However, the technology for thoracic endoprosthesis 
was not developed to perform these kind of techniques 
and currently no endograft manufacturer supports its use, 
leaving many open questions unanswered: how do the 
movements of the aortic arch would affect the chimneys 
and the endografts? Could they cause erosion of the fabric 
or cause stent fracture? How much should the endograft be 
oversized? Ideal type of stents? etc.

The deployment of the endograft must be extremely 
precise, and for this purpose a careful planning, including a 
meticulous study of the angulations to correctly adjust the 
endograft in the aortic arch with respect to the origin of the 
debranching or the SAT, is required. When performing a 
debranching procedure through a sternotomy, it is advisable 
to use a lead marker of a gauze in order to easily identify 
the takeoff of the debranching, so that the deployment of 
the endograft can be performed as closest as possible to 
it. It is also recommended to reduce the blood pressure at 
the moment of the deployment. In zone 0, usually, a rapid 
pacing is preferred while for zones 1 and 2 controlled 
hypotension is performed before the delivery of the device.

Whenever  the  surg ica l  procedure  i s  e lec t ive , 
revascularization of the LSA should be performed as well as 
the use of selective cerebrospinal fluid (CSF) drainage, which 
will be used depending on the length of the descending 
aorta that will be covered, on whether there is no adequate 
revascularization of the LSA and if the patient has undergone 
prior abdominal aortic surgery (lumbar arteries occlusion) or 
if the hypogastric arteries are occluded.

With this general view of the surgical technique in mind, 

it would appear that debranching procedures are clearly 
advantageous compared not only with conventional open 
surgery, but, also with pure endovascular techniques, due 
to the fact that they use conventional endografts, which 
aside from being cheaper, they avoid delay in surgery by not 
having to wait for custom made devices and are ready to be 
used in a wide range of anatomies. However, the need for 
lateral clamping of the ascending aorta causes a potential 
injury to the artery which, mainly if it is associated to the 
stress forces generated by the endoprosthesis when it lands 
upon this aortic zone, can produce a retrograde type A 
dissection (3-5) in up to 6% of the cases, of which 42% are 
lethal (5). In addition, over time, these lesions may cause 
aneurysmal degeneration, eventually resulting in a type I 
endoleak. This complication can be avoided if a hybrid type 
II debranching procedure with prosthetic replacement of 
the ascending aorta is performed (6).

Therefore, these procedures must be considered 
a major surgical  operation with potential  serious 
complications. In addition, not all patients are adequate 
candidates for this type of treatment because certain 
conditions are required to be able to perform an 
endovascular or hybrid treatment. General indications 
accepted for hybrid surgery include elderly patients 
with important comorbidities and favorable anatomical 
factors (ascending aorta above 42 mm are not suitable 
for sealing as currently standard devices have a maximum 
diameter of 46 mm, even an ascending aorta wider than  
37 mm may be discarded given the higher rate of 
retrograde dissections and complications from the lateral 
clamping in this setting) (6). The maximum diameter 
of the ascending aorta is the most important exclusion 
criteria. Given that isolated aortic arch aneurysms are 
scarce, it is not easy to fulfill those previously mentioned 
requirements and then, frequently a type II debranching 
procedure must be performed so, in the elderly and in 
those patients with important risk factors, many of the 
advantages of the hybrid treatment could be lost, despite 
cerebral ischemia time is shorter than in conventional 
surgery. In a series by De Rango et al. (7), only 17% 
of patients in the open surgery group met the criteria 
for endovascular treatment without replacement of the 
ascending aorta, while in another recent study from  
Sweden (8), only 7% of them were considered to be 
adequate candidates for treatment without making a safe 
landing zone by means of a dacron graft in the ascending 
aorta.
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Current results

Present data regarding the results of hybrid procedure 
in the aortic arch are not easy to interpret, comprising 
heterogeneous cases with short series or retrospective 
studies showing disparate results. The first difficulty arises 
when deciding to what the results should be compared to. 
As we previously mentioned, technical improvements in 
cerebral perfusion and protection brought an important 
reduction in morbidity-mortality rates for open surgery 
performed in centers of excellence. Settepani et al. (1) 
showed a 5% mortality rate in a systematic literature 
review covering the last ten years. Nevertheless, data from 
the National Impatient Sample (9,10) and the Medicare 
Provider Analysis and Review (11,12) reflect very different 
results, with worldwide mortality rates ranging from 15% 
to 20%.

Even more, studies comparing both techniques show short 
retrospective series and very heterogeneous groups, regarding 
patients’ age and surgical risks. Usually, patients in the 
endovascular group are older and with more comorbidities. 
Age is an important predictor of operative mortality for 
these pathologies, as reported by Milewski et al. (13), with 
a mortality rate four times lower in patients younger than  
75 years old (9%) than in those above that age (36%).

There are not many studies available comparing the 
traditional arch repair technique with modern hybrid 
techniques. Moreover, in most of the latter, total and 
partial debranching techniques are mixed together, as well 
as the different sealing zones. De Rango et al. (7) reported  
100 consecutive patients treated at the same center during 
seven consecutive years, including 29 cases in the open 
surgery group and 71 in the endovascular group (7 patients 
with chimneys and 64 with total or partial debranching). 
Even though, both groups were not equivalent with regard 
to surgical risks (the open surgery group was younger and 
with lower preoperative comorbidities), no differences were 
found regarding operative mortality and 30-day stroke 
risk. Similar results were reported by Milewski et al. (13),  
including a debranching procedure in 45 cases and  
27 patients in the traditional open repair group. On the 
other hand, more controversy was added by Benedetto  
et al. (14), concluding in a meta-analysis that the hybrid arch 
treatment does not reduce the immediate mortality rate and 
increases the risk of stroke.

With respect to surgical complications for hybrid 
procedures, neurological problems, compromising the 
brain, spinal cord or both, deserve a special mention. Stroke 

will be more frequent whenever manipulation of the SAT 
and the aortic arch are performed, and also depending on 
the presence of previous lesions at that level. The reported 
incidence of this complication is very variable, reaching 
percentages as high as 12% (5,15) and it increases in those 
cases where sealing is attempted in zones 0 or 1. On the 
other hand, paraplegia rate seems to be lower than for 
classical open repair and it usually does not exceed 3% 
(15,16). Revascularization of the LSA, combined with CSF 
drainage and preservation of intercostal circulation by using 
endograft devices as short as possible, apart from avoiding 
anemia, hypotension and vasoconstrictor medications,  
are a useful tool to reduce the rate of this devastating 
complication.

The medium and long-term results for these techniques 
are not well established yet. De Rango et al. (7) did not find 
any difference between the endovascular and open surgery 
groups, although the report by Sood et al. (17) showed a 
higher rate of re-interventions and aortic rupture in the 
former group. Obviously, these problems could be related 
to an inadequate sealing by the endoprosthesis, leading to 
an incomplete exclusion of the aneurysmal sac. However, 
the incidence of this complication is much lower in other 
series; like the reported one by Czerny et al. (18), consisting 
of a transcontinental registry with a mean follow up of  
25 months (from 8 to 41 months) and being described just 
one late type Ia endoleak. The reported 5-year survival 
rate was 96%. In the report by Vallejo et al. (19), including 
38 aortic arch hybrid procedures during a mean follow 
up of 28.1 months (range, 1–84 months), four type I 
endoleaks and two type II were described. On the other 
hand, Andersen et al. (20), after a mean follow-up of  
28 months, found that 11 out of 87 patients (13%) required 
a redo-procedure because of endoleaks. Bavaria et al. (21) 
noticed just one case of re-intervention, with no type I or 
III endoleaks, in patients treated by hybrid approaches for 
aortic arch pathology, after a mean follow up of 30 months. 
It seems clear that the presence of a type I endoleak is more 
frequent in cases sealing in zones 1 and 2, compared with 
those where it was performed in zone 0 (7,15,18). If sealing 
is extended to Ishimaru’s zone 0 or 1, usually, the endograft 
is much more stable than when it only reaches zones 2 or 
3, directly on the arch curvature and leading to a higher 
number of complications. Nevertheless, it is necessary to 
remind that sealing in more proximal zones of the arch, 
even when achieving better stability for the endoprosthesis, 
as a counterpart, it also increases the risk of intra-operative 
complications, in particular neurological events.
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Another possible and serious complication is the 
development of a retrograde type A dissection; more 
frequent in those patients that sealing takes place in zone 
0. There are several predisposing factors for a retrograde 
dissection, ranging from aortic wall lesions attributed to the 
endovascular device to the damage originated by the use 
of guide wires and catheters, or by the lateral clamping of 
the ascending aorta for bypass suture, as it has already been 
mentioned. In the series by Andersen et al. (20), an aortic 
dissection appeared in 6.3% of the patients, but increased 
up to 11% when excluding those with previously performed 
replacement of the ascending aorta. Therefore, careful 
attention about this fact must be required during follow up.

Finally, there is not too much information available 
about the long-term evolution of the aortic arch aneurysm 
after an endovascular or hybrid treatment. The absence of 
aneurysm growth (understood as an increase in the aortic 
diameter over 5 mm), was achieved in 96.7% of the cases 
during a 5-year follow up (22).

Renovisceral debranching

Following the outstanding improvements in the technique 
by Crawford in the eighties, open surgery still remains the 
gold standard procedure for repair of TAAAs (23). Later, 
and over time, continuous advances have been introduced 
in order to reduce complications due to intestinal ischemia, 
kidneys, lower limbs and spinal cord ischemia. In spite of 
this, conventional surgery for TAAAs is still associated with 
high morbidity and mortality rates, even in centers with a 
large experience with thoracoabdominal repair. And when 
population studies are considered, data are even worse, with 
immediate mortality rates of 20% at the first month and up 
to 30% during the first year (10); taking into account that 
other devastating complications (renal failure, paraplegia) can 
happen. Coselli’s group (24) represents the excellence with 
more than two thousand patients operated with rates of spinal 
cord ischemia ranging from 2.7% to 13.2%, depending on 
the type of the aneurysm; renal failure needing dialysis from 
4.6% to 5.6% and 30-day mortality from 5% to 19%. For 
these reasons, and being aware of that endovascular treatment 
for thoracic and abdominal aneurysms has significantly 
decreased the immediate mortality, hybrid procedures 
(renovisceral debranching plus endovascular exclusion) have 
emerged as an alternative technique for the treatment of 
TAAAs in the endovascular era.

Initially hybrid procedures were performed in high-
risk patients unfit for open repair due to several theoretical 

advantages: (I) minimal hemodynamic repercussion 
because they avoid an aortic cross-clamping at a high level; 
(II) they preclude a long and simultaneous renovisceral 
ischemic insult; (III) a thoracoabdominal approach with 
left lung collapse is not needed, meaning a lesser surgical 
aggression; and (IV) a lower incidence of paraplegia. 
Compared with pure endovascular techniques, it has already 
been mentioned that debranching procedures are easier to 
perform, they use conventional devices with no delay for 
treatment of urgent cases and they allow to be applied to a 
wide variety of anatomies.

Current status of renovisceral debranching procedures for 
thoracoabdominal aortic aneurysms

Renovisceral hybrid procedures for TAAAs must mainly 
respond to the criticism regarding.

Morbidity-mortality
One of the first larger series about renovisceral debranching 
was published in 2006 from the St Mary’s Hospital, 
including 29 patients (10% of them urgent cases) with 
extensive TAAAs (type IV were excluded), reporting a 13% 
immediate mortality rate and with no paraplegia. However, 
authors revealed they obtained worse results with their later 
experience (25).

Patel et al. (26) showed severe criticism of the hybrid 
treatment for TAAAs. They compared a group of high-
risk patients for conventional surgery in whom a hybrid 
procedure was performed with another group of patients 
with conventional open repair, and they found that the 
combined rate of mortality-paraplegia was double in the 
hybrid group (21.7% hybrid vs. 11.7% conventional). The 
interpretation of this study must be performed cautiously 
given the important bias that exists when comparing 
patients with more comorbidities and more complex and 
extensive TAAAs in the hybrid group (61% type I or type 
II and it did not include any type IV), with another group 
of completely different patients in which type IV TAAAs 
represented 34% of the cases, whilst type I and II aneurysms 
only accounted for 28% of them.

Likewise, the results of a meta-analysis by Moulakakis 
et al. (27) including a total of 528 patients seem to be little 
enthusiastic (tough, it must be taken into account that 11% 
of them were urgent or emergency procedures): in 3 cases 
the intervention was not completed due to intraoperative 
instability, 12 deaths were related with the procedure of 
visceral revascularization, 6 other patients died due to aortic 
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rupture while waiting for endovascular exclusion and 4 cases 
rejected the second stage for completion of the procedure. 
The 30-day cumulative mortality rate was 14% (68 patients) 
and spinal cord ischemia was present in 7% of the cases, 
with a 4.5% rate of irreversible paraplegia. Also, the 
North American Complex Abdominal Aortic Debranching 
Registry (NACAAD) showed similar figures of mortality 
(16%) with a 14% rate of paraplegia (28).

On the other hand, there are several individual series 
where excellent results were achieved; reporting immediate 
mortality rates ranging from 2% to 4% (29,30). In 2010, 
we reported our preliminary experience with renovisceral 
hybrid procedures for extensive TAAAs with neither 
early mortality nor paraplegia (31). Hughes et al. (32), 
who performed these procedures in 47 high surgical risk 
patients, reported 30-day mortality and spinal cord ischemia 
rates of 8.5% and 4.3%, respectively. There were no deaths, 
paraplegia or paresis in a subgroup of 14 patients in which 
the intervention was carried out in two stages.

A recent meta-analysis including 660 patients (33) 
suggested that staged procedures are advantageous, 
although without statistical significance, due to the fact 
that many studies do not contemplate this difference in 
their results and there is an insufficient sample size. Some 
authors advocate for a one stage strategy and base their 
position on: the risk of aortic rupture during the delay 
between interventions, the possible refusal by the patient 
to undertake the endovascular stage, the possibility of 
using a trans-abdominal approach in order to deploy the 
endoprosthesis in those cases with iliac compromise, and 
the risk of damaging the retrograde bypasses during a 
transfemoral access. Nevertheless, a two-stage procedure 
allows for a shorter duration of the intervention with 
lower renal impairment (avoiding the injection of contrast 
immediately after renal ischemia), it also improves 
haemodynamic stabilization of the patient, reducing the risk 
of spinal ischemia by avoiding hypotension, and permits 
a prompt evaluation for spinal cord ischemia after aortic 
coverage. Apart from all these reasons in the eventual 
case of a poor outcome, the expenses associated with the 
endoprosthesis and the endovascular procedure can be 
avoided.

In the aforementioned meta-analysis, operative mortality 
was reported as 12.6% (0–44%), the incidence of paraplegia 
was 3.4% (0–15.3%) and the rates of permanent renal 
failure, mesenteric ischemia and severe cardiopulmonary 
complications were 10.4% (0–27.1%), 4.6% (0–20.8%) and 
7.8% (0–17.6%), respectively.

Furthermore, a recent report including 30 urgent or 
emergency patients, considers hybrid repair procedures a 
valid treatment alternative for complex thoracoabdominal 
pathology in these settings, showing a 30-day mortality rate 
of 36.8% in the emergency patients and 9% in the urgent 
group (34).

A l t h o u g h  s e v e r a l  s a f e t y  s t u d i e s  o n  t h o r a c i c 
endoprosthesis reported a lower incidence of spinal cord 
ischemia and paraplegia compared with open surgery  
(6% vs. 10%) (35-37); endovascular repair of thoracic 
aorta and TAAAs is still associated with a significant risk 
of paraplegia, reaching rates of 13% in a systematic review 
by Wong et al. (38). Hybrid treatment offers better results 
with regard to the risks of permanent paraplegia and paresis 
than the majority of large series on open repair [only 
comparable to the best series reported by Coselli et al. (24)  
with 3.8%], without forgetting that cases undergoing hybrid 
procedures are often classified as TAAAs type I or II, a 
group of patients with paraplegia rates as high as 16% with 
conventional surgery. The lower incidence of spinal cord 
ischemia for hybrid procedures can be explained in base 
to its multifactorial etiology (39), in which perioperative 
hypotension and prolonged ischemia of the lower half of 
the body are crucial factors. Both are potentially avoidable 
with renovisceral debranching. Prompt recovery of pelvic 
and lower limbs perfusion as a mean to reduce the incidence 
of spinal cord ischemia has been underestimated, as shown 
by Maurel et al. (40) on their series of endovascular repair of 
type I, II and III TAAAs (excluding type IV), where the rate 
of spinal cord ischemia was reduced from 25% to 2% when 
this measure was adopted, together with CSF drainage, an 
aggressive protocol for transfusion and maintaining a mean 
arterial blood pressure above 85 mmHg.

In any case, considering the lack of homogeneity in 
the available data, it is not possible to confirm that the 
incidence of spinal ischemia is lower for hybrid procedures 
than for conventional surgery with full certainty.

Graft patency
Patency of renal and visceral grafts is another key element in 
these procedures. There is limited data considering current 
results on conventional surgery for renal or mesenteric 
arteries, because nowadays, the great majority of these vessels 
are revascularized by means of endovascular techniques. 
Generally speaking, the long-term patency of bypasses to 
renal and other visceral arteries is placed around 90% (41).

On the other hand, the available literature on hybrid 
procedures, although inconsistent in terms of follow-
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up, provides primary patency rates over 95% (27,42,43). 
A meta-analysis performed by Canaud et al. (33) showed 
excellent patency rates (94.7%) for these vascular 
reconstructions during a mean follow-up of 26.2 months 
(6–88.5 months). In the same manner, Shahverdyan  
et al. (44) reported good primary patency rates after  
5 years on 46 patients, although it was lower for the right 
renal artery (global patency 86.1%±3.1%, hepatic patency 
100%, superior mesenteric artery 88.8%±4.8%, left renal 
artery 87.2%±6% and right renal artery 69.6%±8.8%). 
Usually, the right renal artery anastomosis is technically 
more complex, and therefore demanding special care when 
it is performed, and even the use of alternative techniques 
can be contemplated. In 2008, Lachat et al. (45) described 
the VORTEC technique (Viabahn Open Rebranching 
TEChnique) for the revascularization of renal arteries, 
allowing for a fast and simple procedure with better 
haemodynamic results at experimental level, and which has 
significantly improved with the introduction of the new 
Gore Hybrid Vascular Grafts (W.L. Gore and Associates, 
Flagtaff, Ariz). It should also be mentioned that in order 
to facilitate the endovascular technique during the repair 
of complex and extensive TAAAs, occasionally it may be 
possible to perform a VORTEC technique in the renal 
arteries together with complementary endovascular repair 
including branched or fenestrated endografts for the rest of 
the visceral trunks. As drawbacks, the VORTEC technique 
significantly increases the costs of the procedure when four-
vessel revascularization is needed, and the fact that, the 
hybrid vascular grafts are long prosthesis with a relatively 
small diameter (6 mm) in the stentless segment, with the 
potential increased risk of stenosis in case of minimal 
hyperplasia. At present, there is no clinical evidence 
regarding the superiority of patency rates achieved with this 
technique. A recent report showed no stent graft fractures 
or secondary dislocation and an 84.7%±5.2% cumulative 
patency rate at 89 months after VORTEC (46).

Endoleaks
Endoleaks can reduce the effectiveness of the endovascular 
treatment and they are another critical point to take into 
account when renovisceral debranching procedures are 
going to be considered. In the meta-analysis performed 
by Moulakakis et al. (27); after a mean follow-up of  
34.2 months, in 502 patients who underwent the procedure, 
21% of them presented endoleaks (59% type II, 29% 
type I and 11% type III), requiring re-intervention in one 
fourth of the cases. Nevertheless, endoleaks pose a common 

problem to all modalities of endovascular treatment and, 
for thoracic aortic procedures, they have been reported 
in the literature with a variable incidence, ranging from 
5% to 26% at 30 days (mean 10%) and from 4% and 28% 
after one year (mean 10%) (47). However, the potential 
risk of endoleaks for hybrid debranching procedures 
should be expected to be lower than for other endovascular 
modalities of treatment for TAAAs, taking into account 
that debranching techniques do not require the deployment 
of renovisceral covered-stents to maintain patency of 
these critical branches, which at the long-term are not an 
infrequent cause of endoleaks. In order to minimize the 
incidence of type I and III endoleaks (those considered as 
failure) it is necessary to obtain a secure sealing zone, both 
proximally and distally, as well as a sufficient overlapping 
between devices.

Tables 1,2 show early and late results for renovisceral 
debranching procedures, making it evident that these 
techniques must be considered as complex surgery with 
significant mortality and morbidity. In any case, these 
results are probably better than those that would have 
been obtained with conventional surgery performed in 
the same patients, although there is no sufficient scientific 
evidence. In a recent report comparing 84 conventional 
open and 81 hybrid repairs, despite the greater comorbidity 
burden in the hybrid group, with a significantly higher 
rate of preoperative chronic renal failure (a well-known 
independent predictor of mortality), there were no 
differences in the in-hospital mortality or spinal cord 
ischemia rates, while patients in the conventional group 
presented more strokes (9.5% vs. 0%, P=0.017) and 
those in the hybrid group a significantly increased rate of 
definitive dialysis (14.8% vs. 3.6%, P=0.043) and higher 
reintervention rates (12.3% vs. 1.2%, P=0.004), mainly due 
to endoleaks. Both groups had equivalent survival rates at 
the first year (hybrid 69% vs. open 77%) and similar long-
term aorta-specific survival, suggesting that both techniques 
can have complementary roles and that the coexistence of 
several options for treatment of TAAAs in a single centre 
allows for the treatment of a greater number of patients (65).

It can also be debated if performing hybrid surgery 
is still justified after important advances appeared in the 
endovascular field of TAAAs, with the development of 
specifically designed fenestrated and branched endografts, 
and the new standardized endoprosthesis (off-the shelf). 
Preliminary reports offer promising short-term results with 
these devices (66,67), although most of these series include 
a high percentage of type IV cases. Recently, Verhoeven  
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et al. (68) published their experience with 166 patients, 
reporting an in-hospital mortality rate of 9% and a similar 
rate of spinal cord ischemia (9%) with 1% of permanent 
paraplegia. The mean follow up was 29±21 months, with 
two deaths in relation with the aneurysm, and need of re-
intervention in 24% of the patients. Austermann et al. 
reported their results in 107 patients with pararenal and 
TAAAs; during a follow up period of over one year, they 
described complications in 28 of them (26%), requiring 
34 re-interventions (6 branch thrombosis/stenosis, 8 
visceral stent occlusions/stenosis, 8 type I and 12 type III 
endoleaks) (69).

Good patency rates have been reported for renal and 
visceral vessels after endovascular repair with fenestrated 
and branched aortic endoprosthesis: Verhoeven et al. (70)  
published a 5-year patency rate of 93%, with most 
occlusions occurring during the first two years and being 
the late renal events the main concern, responsible for a 

significant deterioration of renal function in up to 25% of 
the patients.

A recent review of the endovascular treatment for 
TAAAs, showed an immediate mortality rate ranging 
from 0 to 21%, spinal cord ischemia from 0 to 33%, and a 
reintervention rate between 3% and 25% (71).

It can be stated that the endovascular treatment of 
TAAAs, like other treatment modalities for this pathology, 
shows heterogeneous, although promising results, at short-
term and in selected centres. Nevertheless, a significantly 
high re-intervention rate can be expected, further increasing 
as the follow-up extends, and consistent long-term 
results are still unavailable. Moreover these are complex 
procedures, very expensive, not yet widely performed and 
with obvious logistic difficulties. There are also anatomic 
limitations preventing a pure endovascular treatment, such 
as: a narrow aortic lumen (that could compromise branch 
patency), severe angulations or tortuosity, iliac occlusive 

Table 1 Renovisceral hybrid procedures. Immediate results

Author N Immediate mortality (%) Paraplegia (%) Renal failure dialysis (%) Intestinal ischemia (%)

Fulton (48) 10 0 0 0 0

Resch (49) 13 23 15.3 15.3 7.6

Gawenda (50) 6 0 0 0 0

Lee (51) 17 23.5 0 16.6 0

van de Mortel (52) 16 25 0 18.7 25

Da Rocha (53) 9 44.4 11.1 11.1 11.1

Biasi (54) 18 16.7 5.5 0 0

Donas (42) 58 8.6 3.4 0 0

Drinkwater (55) 103 14.9 8.6 27.1 2.9

Quinones-Baldrich (43) 17 0 5.8 0 0

Alonso (31) 5 0 0 0 0

Kabbani (56) 36 8.3 0 11.1 8.3

Kuratani (29) 86 2.3 0 2.3 3.4

Patel (57) 29 3.4 3.4 17.2 3.4

Smith (58) 24 12.5 8.3 16.6 20.8

Wolf (59) 20 10 5 15 5

Hughes (60) 58 8.6 3.4 12 0

Lin (61) 58 24.1 – 10.3 5.1

Markatis (62) 9 0 0 0 0

Tshomba (63) 52 13.4 1.9 0 1.9

Gkremoutis (34)* 30 26.7 10 6.7 13

Väärämäki (64) 11 0 10 0 0

Benrashid (65) 81 9.5 7.4 14

*, urgent or emergency cases.
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disease, etc. In an attempt to palliate some of these 
problems, new standardized endoprosthesis (off-the-shelf) 
are being developed, which are expected to allow treatment 
from 60% to 80% of the TAAAs. Bisdas et al., using the 
Zenith t-Branch (Cook Incorporated, Bloomington, IN, 
USA), reported preliminary results quite comparable to 
those obtained with customized devices, although with renal 
stent thrombosis in 13.6% of the cases (3/22) (72).

Other less common procedures, specially the “parallel 
endograft” techniques (chimneys, snorkels, sandwich), 
have also been performed. They have been mainly used 
for treatment of yuxta and pararenal aneurysms and at 
the moment, the experience with these techniques for 
TAAAs is very limited. The main advantages of this type 
of procedures are: the use of conventional devices and the 
possibility of allowing catheterization of visceral branches 
before deploying the endoprosthesis. On the other hand, 

one of the main concerns for treatment of TAAAs is the 
imperfect or incomplete apposition between the covered 
stent and the endoprosthesis, causing endoleaks. In order to 
address this problem, several resources have been adopted: 
(I) an excessive oversizing of the aortic endoprosthesis, often 
causing infolding; or (II) extensive overlapping, increasing 
the risk of bypass thrombosis and unintentional occlusion of 
lumbar and intercostal arteries. Literature regarding these 
techniques in TAAAs is scarce and heterogeneous, also 
including yuxta and pararenal aortic aneurysms and with 
a small number of patients. One of the largest series was 
published by Lachat et al. (73) treating 77 patients, where 
only 20 (26%) were TAAs (6 type I). The mean follow-up 
period was 24 months, reporting 9 deaths from unknown 
causes, 26% type I/III endoleaks, 10% re-intervention 
rate in relation with visceral stent complications, and 4% 
thrombosis. At the moment, there is a general consensus 

Table 2 Hybrid renovisceral procedures: follow-up

Author N Follow-up (months) Mortality (%) Treatment of EL (%) Bypass thrombosis (%)

Fulton (48) 10 22.1 0 10 –

Resch (49) 13 79.2 46.1 23 4.6

Gawenda (50) 6 23 0 16.6 0

Lee (51) 17 27.3 23.5 5.9 7.2

van de Mortel (52) 16 – 31.2 0 1.4

Da Rocha (53) 9 12 44.4 – 7.3

Biasi (54) 51 23 5.5 11.8 5.5

Donas (42) 58 16.6 25.8 10.3 6.5

Drinkwater (55) 103 21 15.5 – 5

Quinones-Baldrich (43) 17 30.5 29.4 11.7 0

Alonso (31) 5 26.5 40 0 0

Kabbani (56) 36 23.9 16.6 5.5 3.5

Kuratani (29) 86 26 4.6 3.4 13.1

Patel (57) 29 28 3.4 6.9 15.5

Smith (58) 24 88.5 12.5 8.3 15.1

Wolf (59) 20 5,8 25 30 20

Hughes (60) 58 6 8.6 3.4 10

Lin (61) 58 8 41.3 0 3.5

Markatis (62) 9 8.7 0 0 4.5

Tshomba (63) 52 11.7 36.5 1.9 0

Gkremoutis (34)* 30 12 13.6 4.5 9

Väärämäki (64) 10 55 – 40 10

Benrashid (65) 81 16.7 # 12.3 0

*, urgent or emergency cases; #, survival (Kaplan-Meier) 69%, 49%, 32% at 1, 3 and 5 years.
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that these procedures should be limited to emergency cases 
or unfavourable anatomies, in which other techniques are 
not feasible.

Conclusions

Treatment of complex aortic pathology, mainly arch and 
TAAAs still represents a major challenge, surrounded by 
controversy and with a great disparity of the results inside 
the different therapeutic modalities. Debranching techniques 
for both pathological conditions are procedures whose 
complexity should not be underestimated, demanding careful 
planning and surgical expertise in order to reduce mortality 
and complications. It can be expected that the development 
of new devices and endovascular techniques, together with 
increasing technical expertise by the operator, will allow 
treating larger numbers of patients in a pure endovascular 
fashion. Nevertheless, hybrid debranching procedures 
remain as a valuable alternative: for arch pathology, they 
can avoid or reduce the time of ECC or cardiac arrest 
which may be beneficial in high-risk patients that otherwise 
would be rejected for treatment and they can also allow 
antegrade deployment from ascending aorta, facilitating a 
single step procedure. When debranching arch operations 
are compared to pure endovascular techniques, they can be 
used in emergency cases with applicability in a wide range of 
anatomies. For treatment of TAAAs, debranching procedures 
are mainly useful when other less invasive endovascular 
options are not feasible due to anatomical limitations 
(narrow vascular lumen, renovisceral vessel compromised 
by dissection, angulations and severe tortuosity that prevent 
precise positioning of the endoprosthesis, limited vascular 
access, etc.) or when they are not available in cases where 
delaying the intervention is not an option.
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