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Thoracoabdominal aortic aneurysms (TAAAs), defined 
by the involvement of the visceral vessel origins, tend 
to present in an elderly population, often with extensive 
co-morbidities. They may be identified incidentally 
or present late with symptoms secondary to aneurysm 
expansion. Untreated, the mortality from aneurysm 
rupture is high (1). Since the first reported case of 
surgical reconstruction by Etheredge et al. in 1955 (2) 
and subsequent modifications to the original technique, 
conventional open TAAA repair became the mainstay 
of treatment for the next 40 years. Access to the aorta is 
gained through a thoraco-abdominal incision dictated by 
TAAA extent. The original clamp and sew technique with 
revascularization of major aortic branches has been modified 
over the years and now may involve cardiopulmonary bypass 
with hypothermic circulatory arrest, single-lung ventilation, 
cerebrospinal fluid drainage, and epidural cooling, resulting 
in long operative times, significant blood loss, volume shifts, 
and prolonged recovery times.

Despite significant advances in surgical techniques, 
peri-operative adjuncts, and critical care aimed to limit 
cardiovascular instability as well as the extent of visceral, lower 
extremity and spinal cord ischaemia, the traditional open 
TAAA repair remains a formidable challenge. Several high-
volume institutions have published results that are considered 
acceptable when compared with the risk of aneurysm 
rupture if left untreated (3-6); these figures, however, are 
not representative of surgical outcomes worldwide, with 
mortality rates ranging from 3% to 20%. The incidence of 
peri-operative death at centres with extensive experience 
reaches 10%. Population studies however, demonstrate a 
30-day elective mortality of 19% (40% for octogenarians), 
with a significant first-year mortality of 31% (7). The 30-day 

mortality rates associated with emergent TAAA repairs are 
daunting, ranging from 15% to 50% (6-8). The devastating 
sequelae of spinal cord ischaemia (SCI) are apparent despite 
supportive adjuncts, even in centres of excellence with a 
SCI risk ranging from 4% to 11% (9,10), and reaching 
22% in extensive TAAAs (11). Morbidity rates are also 
significant with a 15% risk of haemodialysis (12), 8% risk 
of prolonged respiratory wean with an associated mortality 
of 40% (13), and a significant cardiac morbidity risk with 
a related mortality of 19% (14). The most important 
factor that contributes to these outcomes is the TAAA 
extent, and consequently the magnitude of the operative 
strategy required, with those patients presenting with type 
II TAAAs most at risk (5,11,15,16). It is therefore in these 
elderly patients with large, extensive TAAAs and significant 
co-morbidity, that the least invasive, cost-effective, and 
readily applied technique is desirable. In an attempt to 
ameliorate the risks of conventional TAAA repair, less 
invasive strategies have been explored aiming at limiting 
the physiologic derangements associated with aortic cross-
clamping and extensive tissue dissection.

 The visceral hybrid technique involves extra-anatomic 
debranching combined with staged or immediate 
endovascular aortic relining using covered aortic stent 
grafts. Although the first reported case by Quinones-
Baldrich et al. in 1999 was in a patient with a type IV 
aneurysm (17), the technique has since evolved to best serve 
patients with the most extensive TAAAs. Our institution 
described one of the earliest visceral hybrid cases for 
extensive TAAA disease in 2002 (18). Since then, many have 
described their experience along with modifications of the 
original technique. Our preferred approach for aneurysms 
that extend into the thoracic segment (types I, II, and III) 
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involves aortic debranching with retrograde bypasses to 
the visceral and renal arteries from the distal aorta, iliac 
vessels, or a previous aortic graft via a transperitoneal 
approach. The proximal branch arteries are ligated to 
eliminate the risk of back bleeding into the aneurysmal sac 
and the procedure is completed with endovascular aortic 
relining and subsequent aneurysm exclusion. The absence 
of a thoracotomy and single-lung ventilation are seen as 
advantages in patients with respiratory compromise, and the 
lack of aortic cross-clamping with sequential ischaemia and 
reperfusion of the visceral and renal vessels allows patients 
with reduced cardiac reserve to remain haemodynamically 
stable, limiting the physiological derangements associated 
with the traditional surgical approach.

Our first published series of 29 cases showed encouraging 
results, with low mortality and no paraplegia (19). The 
technique has now been adopted by various centres around 
the world (20-22). The less invasive nature of the hybrid 
approach was reflected in a subsequent systematic review 
by Donas et al. in 2007, demonstrating an overall operative 
mortality rate of 10.7% and a paraplegia rate of 0% in 58 
patients from 13 published reports (23). As our experience 
has grown and we have taken on greater numbers of 
patients with multiple co-morbidities, the results are now 
more representative of a major surgical procedure in a 
high-risk elderly population with atherosclerosis. Our unit 
reported the largest published series of these repairs for 
TAAA and aortic dissections in 107 high-risk patients, as 
a collaborative approach with two other major European 
centres (24). We observed a 30-day mortality rate of 14.9% 
and a more expectant paraplegia rate of 8.4%. There was 
a 3.7% rate of long-term dialysis and a 2.8% rate of gut 
ischaemia. Graft patency at 30 days was 86.9%. Endoleaks 
were detected in 29.9% of cases: 56% were type II, and the 
majority were managed conservatively. 

Aneurysms that involve the more proximal descending 
thoracic aorta or the aortic arch may also require hybrid 
approaches for successful aneurysm exclusion via extra-
anatomic bypasses of the subclavian, brachiocephalic and 
carotid arteries with subsequent stenting of the distal 
thoracic segment (25,26). A systematic review of arch hybrid 
outcomes in 195 patients showed pooled peri-operative 
mortality and morbidity rates of 9% and 21%, respectively, 
with an acceptable endoleak rate of 9%, but a significant 
stroke rate of 7% (27). Most of the series included in this 
review contained small numbers of patients, increasing the 
possibility of publication bias. It is evident that there are 
significant differences between patients requiring carotid-

subclavian bypass alone and those requiring full supra-aortic 
revascularization to facilitate stent-graft placement. It is our 
experience that in high-risk patients who require extensive 
intervention, mortality and morbidity remain significant, 
especially in those with concomitant distal aortic disease (28). We 
do believe, however, that the arch hybrid repair provides 
a feasible alternative treatment in those who are at high 
risk for conventional open surgical repair. Careful patient 
selection and consideration of morphologic features are 
essential to achieve satisfactory results.

Rapid advances in stent-graft technology and availability 
of improved devices offer a minimally invasive alternative 
to the treatment of TAAA via the wholly endovascular 
approach. The advent of fenestrated and branched devices, 
originally designed to extend the proximal sealing zone 
in infrarenal disease has led to increased adoption of 
endovascular techniques to treat more extensive aortic 
pathologies. Much effort is now expended in development 
of this approach for the management of aneurysms that 
involve the supra-aortic branches. Published series have 
shown the wholly endovascular approach to be a safe and 
effective alternative to open repair in selected patients, 
with encouraging intermediate-term outcomes. Thirty-
day mortality has ranged from 5.5% to 12%, SCI rates 
from 2.7% to 16.7% and haemodialysis rates between 1.4% 
and 9.1%, with reduced hospital stays in uncomplicated 
patients (11,29-31). 

Successful results, however, require careful patient 
selection, appropriate custom-made device design, and 
technical expertise with endovascular grafting, as well as 
visceral vessel cannulation and stenting. The implantation 
procedure can be technically challenging and time-
consuming even for experienced operators, especially 
in the presence of unusual anatomy. Despite a custom-
made device design and extensive preoperative planning, 
graft rotation and misalignment of the fenestration/vessel 
ostium interface can still occur and vessel cannulation 
is largely dependent on operator skill. Visualization and 
control of wire and catheter manipulation becomes less 
intuitive and less predictable as case complexity increases. 
Long fluoroscopic times and radiation exposure to both 
patients and operators are other important factors to 
consider. Another concern with fenestrated and branched 
endografting is the inherent delay in manufacturing owing 
to its bespoke nature, which precludes use in ruptured and 
urgent cases, even if a patient is anatomically suitable for 
endovascular repair; off-the-shelf branched and fenestrated 
devices certainly have the potential to expedite treatment, 
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but require significant further development. Research in our 
institution is currently focusing on evolving technologies 
such as endovascular robotic systems, to address some of 
the challenges of complex endovascular intervention in an 
attempt to enhance current endovascular techniques (32). 
The wholly endovascular approach is currently developing 
and gaining acceptance; its long-term durability, however, is 
yet to be proven.

Comparison between published series addressing the 
outcomes of TAAA repair is difficult for a number of 
reasons. Most open surgical series report a younger, fitter 
group of patients, and most fenestrated/branched series, by 
definition, report outcomes in patients anatomically suitable 
for endovascular treatment. Not all series classify the extent 
of aneurysmal involvement; this has resulted in considerable 
heterogeneity and it is therefore difficult to make good 
outcome comparisons. Wholly endovascular techniques 
however are more commonly used to treat aneurysms limited 
to the supradiaphragmatic and infradiaphragmatic aorta, 
whereas open and hybrid approaches are more frequently 
used to treat more extensive aneurysmal disease such as type 
II and III TAAAs. In the published hybrid series, only 12% 
of cases involved treatment of type IV extent aneurysms. 
There is ample evidence to show that open type IV repair via 
a subcostal incision has a good elective 30-day mortality - 3%, 
Houston (4), 6%, Edinburgh (33) and 3.5%, St Mary’s (34) - 
and is a durable option with very low rates of aneurysm-
related complications in the long term (35). For relatively 
young and fit patients, therefore open type IV surgery 
is a proven strategy. If the anatomy is suitable and the 
funds available, a substantially less invasive fenestrated/ 
branched approach is a safe option if the elective nature 
of presentation allows time for a bespoke device to be 
manufactured, and as long as the internal iliac circulation 
is preserved. It is important to remember, that paraplegia 
is not eliminated by a totally endovascular approach; in 
published series with significant numbers of type IV TAAAs, 
the paralysis rate reaches nearly 3% (11).

With regards to the hybrid approach, the literature 
is somewhat contaminated by many small series very 
early in the learning curve of the procedure, containing 
a variety of indications and TAAA extent. Many authors 
are reporting the technique rather than a defined group 
of patients to which it has been applied. More than a 
quarter of the St Mary’s patient cohort had had a previous 
thoracotomy for either cardiac or thoracic aortic surgery, 
with 82% of patients presenting with an American Society 
of Anesthesiologists grade greater than 3 and significant co-

morbidities, rendering them unfit for an open repair. Taking 
these adverse factors into account, we believe this procedure 
represents a real advance in the treatment of unfit patients 
with extensive TAAAs. 

From a technical point of view, the visceral hybrid 
technique has been adapted to overcome problems and 
make the outcome more durable. Small and multiple renal 
arteries remain a challenge for both this and the wholly 
endovascular approach. This has necessitated splicing renal 
arteries together and an end-to-end rather than end-to-
side anastomotic technique where access is difficult. Some 
have adopted a sutureless approach by cannulating the 
target renal artery and deploying a covered stent into it 
and then anastomosing that to the other grafts (36). One 
of the unanswered questions relating to these extensive 
hybrid aneurysm repairs is whether to operate as a single or 
a two-stage approach. One view is that a cold, hypotensive, 
and coagulopathic patient who has undergone extensive 
intra-abdominal dissection and significant cardiovascular 
instability, should not immediately undergo stent-grafting 
(with resultant intercostal occlusion) due to an increased 
risk of paraplegia. In this scenario, it is safer to stabilize 
the patient and then proceed to endovascular aneurysm 
exclusion. Against this view are those who cite the risk of 
interval rupture, which we have experienced first hand, 
and the risk of embolic occlusion of visceral grafts when 
passing multiple stent grafts through the iliac segment 
at a later stage. There is a strong case for single-stage 
surgery in patients with large aneurysms who are stable 
intraoperatively, especially in those with access difficulties 
and this is our preferred approach. However, each case 
needs to be judged on an individual basis. 

The versatility of the visceral hybrid technique is another 
important consideration. Whereas the wholly endovascular 
approach is hindered by poor access, side branch ostial 
stenosis and tortuosity, these problems are irrelevant in 
the context of the visceral hybrid. Moreover, chronic 
dissections that have become aneurysmal can be treated 
without concerns regarding the intimal flap so pertinent 
to branched techniques. The visceral hybrid technique has 
been taken up widely and is now adopted by centres with 
little previous experience of treating patients with TAAAs. 
The wholly endovascular procedure however has remained 
restricted to larger volume centres of excellence, much 
like most traditional open TAAA repairs. Although it is 
clearly desirable that as many patients as possible are at least 
considered for treatment, one would question the wisdom 
of a centre without extensive open surgical or fenestrated/
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branched experience embarking on a treatment program as 
patients will not be given all the options available.

Conclusions
 

The published results from high-volume centres would 
suggest that the gold standard method of treatment for 
all TAAAs is open surgery. We would agree that this is 
a particularly good option for type IV aneurysms in fit 
patients. However, results from centres of excellence are 
not representative of the cardiovascular surgical community 
at large, and although these outcomes are considered 
acceptable in the context of the untreated risk of aneurysm 
rupture, these extensive operations remain a formidable 
task. Such a conclusion therefore, can only be applied to 
those patients afforded the opportunity of treatment in such 
institutions, and population studies prove that the majority 
of patients fair much less well.

The minimally invasive nature of the wholly endovascular 
approach utilizing fenestrated/branched stent-graft 
technology is beyond question, but anatomic constraints, 
manufacturing delays, and financial considerations 
continue to limit its applicability. For anatomically 
challenging TAAAs this approach is technically difficult, 
time-consuming and not without its pitfalls. Despite the 
above, for suitable patients, and when funding allows, a 
wholly endovascular option remains a desirable alternative. 
The hybrid approach reduces the total ischaemic insult 
associated with traditional open surgical techniques, but 
remains a complex surgical procedure with a significant 
mortality and paraplegia rate. For unfit patients, however, 
with types I, II and III TAAAs aortic aneurysms and 
anatomy unsuitable, or presentation too acute for a totally 
endovascular approach, the hybrid repair may be the only 
viable option. If, however, it is applied to too many cases or 
used indiscriminately, it can be hampered by both the early 
disadvantages of open surgery and the late complications 
of the endovascular approach. Nonetheless, as always, case 
selection is the key and choosing the right procedure for 
an individual patient is paramount. In centres with suitable 
expertise, the visceral hybrid repair is a versatile and durable 
treatment strategy for a high-risk patient population with 
limited therapeutic alternatives. 

If the best option is based on the treatment modality 
applicable to the largest majority, then the answer would 
depend on the institution and the patient population served. 
However, we believe the best option is truly patient-specific 
and, therefore, the optimal treatment is really provided 

by the institution that can determine patient suitability 
and offer all three treatment options. As endovascular 
techniques and technology are constantly improving and 
evolving, the full impact of fenestrated and branched 
stentgrafts on TAAA repair is yet to be realized. However, 
in the meantime, and in high-risk patients where the wholly 
endovascular approach is not an option and open surgery 
is hazardous, the visceral hybrid represents a versatile and 
robust alternative method of treating this complex and life-
threatening disease process.

Acknowledgements

Disclosure: The authors declare no conflict of interest.

References

1. Elefteriades JA. Natural history of thoracic aortic 
aneurysms: indications for surgery, and surgical versus 
nonsurgical risks. Ann Thorac Surg 2002;74:S1877-80; 
discussion S1892-8.

2. Etheredge SN, Yee J, Smith JV, et al. Successful resection 
of a large aneurysm of the upper abdominal aorta and 
replacement with homograft. Surgery 1955;38:1071-81.

3. Svensson LG, Crawford ES, Hess KR, et al. Experience 
with 1509 patients undergoing thoracoabdominal aortic 
operations. J Vasc Surg 1993;17:357-68; discussion 368-70.

4. Coselli JS, Bozinovski J, LeMaire SA. Open surgical repair 
of 2286 thoracoabdominal aortic aneurysms. Ann Thorac 
Surg 2007;83:S862-4; discussion S890-2.

5. Cambria RP, Clouse WD, Davison JK, et al. 
Thoracoabdominal aneurysm repair: results with 337 
operations performed over a 15-year interval. Ann Surg 
2002;236:471-9; discussion 479.

6. Wong DR, Parenti JL, Green SY, et al. Open repair of 
thoracoabdominal aortic aneurysm in the modern surgical 
era: contemporary outcomes in 509 patients. J Am Coll 
Surg 2011;212:569-79; discussion 579-81.

7. Rigberg DA, McGory ML, Zingmond DS, et al. Thirty-
day mortality statistics underestimate the risk of repair 
of thoracoabdominal aortic aneurysms: a statewide 
experience. J Vasc Surg 2006;43:217-22; discussion 223.

8. Barbato JE, Kim JY, Zenati M, et al. Contemporary 
results of open repair of ruptured descending thoracic 
and thoracoabdominal aortic aneurysms. J Vasc Surg 
2007;45:667-76.

9. Safi HJ, Miller CC 3rd, Huynh TT, et al. Distal 
aortic perfusion and cerebrospinal fluid drainage for 



343Annals of cardiothoracic surgery, Aug 21, 2012

© AME Publishing Company. All rights reserved. Ann Cardiothorac Surg 2012;1(3):339-344www.annalscts.com

thoracoabdominal and descending thoracic aortic repair: 
ten years of organ protection. Ann Surg 2003;238:372-80; 
discussion 380-1.

10. Schepens M, Dossche K, Morshuis W, et al. Introduction 
of adjuncts and their influence on changing results in 402 
consecutive thoracoabdominal aortic aneurysm repairs. 
Eur J Cardiothorac Surg 2004;25:701-7.

11. Greenberg RK, Lu Q, Roselli EE, et al. Contemporary 
analysis of descending thoracic and thoracoabdominal 
aneurysm repair: a comparison of endovascular and open 
techniques. Circulation 2008;118:808-17.

12. Safi HJ, Harlin SA, Miller CC, et al. Predictive factors for 
acute renal failure in thoracic and thoracoabdominal aortic 
aneurysm surgery. J Vasc Surg 1996;24:338-44; discussion 
344-5.

13. Svensson LG, Hess KR, Coselli JS, et al. A prospective 
study of respiratory failure after high-risk surgery on the 
thoracoabdominal aorta. J Vasc Surg 1991;14:271-82.

14. Martin GH, O’Hara PJ, Hertzer NR, et al. Surgical repair 
of aneurysms involving the suprarenal, visceral, and lower 
thoracic aortic segments: early results and late outcome. J 
Vasc Surg 2000;31:851-62.

15. Conrad MF, Crawford RS, Davison JK, et al. 
Thoracoabdominal aneurysm repair: a 20-year perspective. 
Ann Thorac Surg 2007;83:S856-61; discussion S890-2.

16. Svensson LG. Paralysis after aortic surgery: in search of 
lost cord function. Surgeon 2005;3:396-405.

17. Quiñones-Baldrich WJ, Panetta TF, Vescera CL, et al. 
Repair of type IV thoracoabdominal aneurysm with a 
combined endovascular and surgical approach. J Vasc Surg 
1999;30:555-60.

18. Rimmer J, Wolfe JH. Type III thoracoabdominal aortic 
aneurysm repair: a combined surgical and endovascular 
approach. Eur J Vasc Endovasc Surg 2003;26:677-9.

19. Black SA, Wolfe JH, Clark M, et al. Complex 
thoracoabdominal aortic aneurysms: endovascular 
exclusion with visceral revascularization. J Vasc Surg 
2006;43:1081-9; discussion 1089.

20. Resch TA, Greenberg RK, Lyden SP, et al. Combined 
staged procedures for the treatment of thoracoabdominal 
aneurysms. J Endovasc Ther 2006;13:481-9.

21. Zhou W, Reardon M, Peden EK, et al. Hybrid approach 
to complex thoracic aortic aneurysms in high-risk patients: 
surgical challenges and clinical outcomes. J Vasc Surg 
2006;44:688-93.

22. Chiesa R, Tshomba Y, Melissano G, et al. Hybrid approach 

to thoracoabdominal aortic aneurysms in patients with 
prior aortic surgery. J Vasc Surg 2007;45:1128-35.

23. Donas KP, Czerny M, Guber I, et al. Hybrid open-
endovascular repair for thoracoabdominal aortic 
aneurysms: current status and level of evidence. Eur J Vasc 
Endovasc Surg 2007;34:528-33.

24. Drinkwater SL, Böckler D, Eckstein H, et al. The visceral 
hybrid repair of thoraco-abdominal aortic aneurysms-
-a collaborative approach. Eur J Vasc Endovasc Surg 
2009;38:578-85.

25. Chiesa R, Melissano G, Tshomba Y, et al. Ten years 
of endovascular aortic arch repair. J Endovasc Ther 
2010;17:1-11.

26. Younes HK, Davies MG, Bismuth J, et al. Hybrid thoracic 
endovascular aortic repair: pushing the envelope. J Vasc 
Surg 2010;51:259-66.

27. Antoniou GA, El Sakka K, Hamady M, et al. Hybrid 
treatment of complex aortic arch disease with supra-aortic 
debranching and endovascular stent graft repair. Eur J 
Vasc Endovasc Surg 2010;39:683-90.

28. Antoniou GA, Mireskandari M, Bicknell CD, et al. Hybrid 
repair of the aortic arch in patients with extensive aortic 
disease. Eur J Vasc Endovasc Surg 2010;40:715-21.

29. Chuter TA, Rapp JH, Hiramoto JS, et al. Endovascular 
treatment of thoracoabdominal aortic aneurysms. J Vasc 
Surg 2008;47:6-16.

30. Bicknell CD, Cheshire NJ, Riga CV, et al. Treatment of 
complex aneurysmal disease with fenestrated and branched 
stent grafts. Eur J Vasc Endovasc Surg 2009;37:175-81.

31. Haulon S, D’Elia P, O’Brien N, et al. Endovascular 
repair of thoracoabdominal aortic aneurysms. Eur J Vasc 
Endovasc Surg 2010;39:171-8.

32. Riga CV, Cheshire NJ, Hamady MS, et al. The role of 
robotic endovascular catheters in fenestrated stent grafting. 
J Vasc Surg 2010;51:810-9; discussion 819-20.

33. Richards JM, Nimmo AF, Moores CR, et al. 
Contemporary results for open repair of suprarenal and 
type IV thoracoabdominal aortic aneurysms. Br J Surg 
2010;97:45-9.

34. Button MC, Gibbs RG, Jenkins MP, et al. Type IV 
thoraco-abdominal aneurysms, in open repair still has a 
place. The Vascular Society of Great Britain and Ireland 
Yearbook 2009.

35. Fischbein MP, Miller DC. Long-term durability of open 
thoracic and thoracoabdominal aneurysm repair. Semin 
Vasc Surg 2009;22:74-80.



344 Riga and Jenkins. Best surgical option for TAAA repair

© AME Publishing Company. All rights reserved. Ann Cardiothorac Surg 2012;1(3):339-344www.annalscts.com

Cite this article as: Riga CV, Jenkins MP. Best surgical option 
for thoracoabdominal aneurysm repair - the hybrid approach. 
Ann Cardiothorac Surg 2012;1(3):339-344. DOI: 10.3978/
j.issn.2225-319X.2012.08.11

36. Rancic Z, Mayer D, Pfammatter T, et al. A new sutureless 
telescoping anastomotic technique for major aortic branch 

revascularization with minimal dissection and ischemia. 
Ann Surg 2010;252:884-9.


