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Alternative Techniques for 
Treatment of Thoracic Aneurysms 
without Ideal Anatomy
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Abstract

The combination of open surgery and thoracic endovascular repair [TEVAR] 
are considered hybrid procedures, they are used today to solve the different 
pathologies of the thoracic aorta, these procedures are presented as a therapeutic 
alternative for those patients who are not candidates for a procedure conventional 
surgical procedure, either because they are considered “high risk” patients, due to 
their pathological history, or in those patients who present a complex anatomy that 
makes it difficult to complete the repair with endovascular therapies in its entirety. 
To familiarize ourselves with these therapies, we consider it important to classify 
them by anatomical segments according to the Ishimaru classification to facilitate 
their understanding.

Keywords: thoracic aorta, aneurysm, hybrid, endovascular, bypass, endovascular, 
debranching

1. Introduction

Managing thoracic aortic aneurysms involving the aortic arch poses a  surgical 
challenge. Open surgery it is the gold standard procedure that uses a medium 
sternotomy and cardiopulmonary bypass [CPB] and hypothermic circulatory arrest 
is associated with significant morbidity and mortality which causes patients at 
“high risk” determined by the American Society of Anesthesiologists [ASA] do not 
be candidates for this kind of repair. Endovascular therapy has revolutionized the 
treatment of complex chest aortic disease, but supra-aortic arch anatomy represents 
a more complex challenge for endovascular therapy, although new techniques have 
resulted such as fenestrated and branched stents these are still in the experimen-
tal stage. Treatment hybrid is a combination of debranching procedures of the 
branches of the supra-aortic arch with endovascular repair of the chest aorta, it is a 
good alternative in patients with difficult anatomy and high-risk, obtain technical 
satisfaction in most cases. Hybrid therapy has several studies with promising results 
but has not been validated as an option of treatment today.



Aortic Aneurysm - Clinical Findings, Diagnostic, Treatment and Special Situations

2

2.  Classification of techniques alternative for treatment of thoracic 
aneurysms involving the aortic arch

Volodos team performed the first hybrid aortic arch repair in 1991. Since then, it 
has grown enormously by the development of these alternative therapies to conven-
tional open surgery [1].

Indications for repair of thoracic aortic aneurysms are mostly from aneurysm 
degeneration greater than 5.5 cm in 54% al 63% and secondly dissections by 22% al 
43% emergency procedures are performed in up to 20% of cases.

Patients undergoing hybrid repair mention among their history chronic obstruc-
tive pulmonary disease secondary to smoking and ischemic cardiac history in 12%, 
ischemic brain events at 10%, and 16% of patients have the antecedent of a repair of 
an abdominal aortic aneurysm [2, 3].

The reported complication rates for thoracic aortic interventions are estimated 
to be 36% in procedures performed entirely with endovascular therapy using 
fenestrated/branched endografts. When hybrid procedures are performed, the 
complication rate is 33%, and 50% for open surgery [4].

Regarding the complications reported after hybrid therapies, we found that 
patients present endoleaks with rates between 9% and 22% of cases, most endole-
aks are type 1 and are resolved in the vast majority of cases with the placement of 
a proximal prosthesis or extension, stroke is reported in 7% to 14% of patients, 
mainly related to the posterior circulation, probably related to the occlusion of the 
left subclavian artery that is performed in a programmed way in the majority of 
cases, paraplegia in 0.5% to 6% with response to cerebrospinal fluid drainage in one 
third of patients, this drainage is recommended in patients with extensive aortic 
disease or after placing an endoprosthesis with an extension greater than 15 cm in 
length. The descending aorta, retrograde aortic dissection in 4.1%, this occurs more 
frequently in hybrid therapies in which covered stents parallel to the aortic are used, 
and graft bypass occlusion 4% and cardiopulmonary complications 14%. [5–8].

The technical satisfaction of hybrid procedures is estimated between 69% and 
100% with an average of 87% of the cases, with a conversion to open surgery of 3% 
for the repair of any complication. Rate survival to 12-month after the procedure is 
78%, and the 3-year follow-up is reported at 73% [5, 6, 8].

Regarding the surgical approaches used to access the carotid arteries, a longitu-
dinal or transverse incision in the neck is used more frequently, for the left subcla-
vian artery a horizontal infraclavicular or supraclavicular incision is used, the latter 
being the most used, some patients require of a median sternotomy to approach a 
healthy segment of the ascending aorta and place a graft with 2 or 3 branches in it to 
completely reimplant the aortic arch. Hybrid repair offers good short-term results, 
but more long-term follow-up studies of bypass results and permeability are needed 
in these patients. Follow-up studies of complex thoracic aneurysms with hybrid 
procedures are mostly retrospective some with 36-month follow-up [1, 4].

The debranching procedures are divided into complete procedures when the 
debranching corresponds to zone 0 of the Ishimaru classification with which the 
three main branches of the aortic arch are reconstructed, the partial procedures 
are those that correspond to the zone 1 and 2 of Ishimaru, in zone 1 the left carotid 
artery and the left subclavian artery are reconstructed and in zone 2 the left subcla-
vian artery only [9].

2.1 Zone 0

Zone 0 corresponds to the ascending aorta and the origin of the innominate 
artery. Hybrid reconstructions in this area can be subdivided into two types:
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2.1.1 Type 1

Type 1 is used when a segment of the ascending aorta is healthy, this repair consists 
of the reimplantation of the aortic arch vessels, using a 2 or 3-branch dacron graft that 
is anastomosed to a healthy ascending aorta segment above of the tubular sinus junc-
tion. The left subclavian artery is the first to anastomosed followed by the left carotid 
artery and later the brachiocephalic trunk, in the case that the left subclavian artery 
is not accessible by a sternotomy, a left carotid artery bypass is performed to the left 
subclavian artery through a supraclavicular incision. This procedure can be performed 
with a cardiopulmonary pump or by lateral clamping of a segment of the aorta, using 
a mean time of 193 ± 58 minutes and a mean clamping time of 44 ± 27 minutes. When 
using a 2-limb graft, the need to bypass the left carotid artery to the left subclavian 
artery should be evaluated at the time of surgery or later Figure 1 [1, 8, 10, 11].

2.1.2 Type 2

This type of repair is performed in those patients with extensive disease of the 
ascending aorta in which there is no healthy segment to perform a type 1 repair, 
or when the ascending aorta that corresponds to the proximal landing zone of the 
endoprosthesis is greater than 3.7 cm since this diameter is associated with a greater 
risk of type A dissection. This repair consists of the substitution of the ascending 
aorta with a dacron graft and a 2 or 3-branch dacron graft is anastomosed on this 
graft. This repair requires the use of a cardiopulmonary pump and sometimes a 

Figure 1. 
Debranching zone 0 type 1, using a 3 branch dacron graft, the endoprosthesis covering the three main branches 
of the aortic arch.
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short period of circulatory arrest with a mean time of 259 ± 54 minutes with clamp-
ing time of 121 ± 63 minutes of circulatory arrest Figure 2 [1, 8, 10].

The following are recommendations when performing aortic arch 
reconstruction:

1. Mean arterial pressure of 80-100 mmHg during anastomosis of the arteries 
supplying the head.

2. Have prefabricated grafts of 2, 3 or 4 branches.

3. Start the reconstruction with the anastomosis on the anterolateral aspect of the 
ascending aorta.

4. During the anterior anastomosis maintain a mean arterial pressure of 
50-60 mmHg.

5. Continue with the revascularization from distal to proximal starting with the 
left subclavian artery, followed by the left common carotid artery and finally 
the brachiocephalic trunk.

6. During the previous anastomosis, maintain a mean arterial pressure between 
80-100 mmHg.

7. When the left subclavian artery is not accessible through the median ster-
notomy, a carotid-subclavian bypass is performed through a supraclavicular 
incision at the same time or later.

Figure 2. 
Debranching zone 0 type 2, using a 3 branch dacron graft, the substitution of the ascending aorta with a dacron 
graft and endoprosthesis covering the three main branches of the aortic arch.
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In general, the 30-day in-hospital mortality reported for these procedures is 
8% to 14%, with the highest mortality for type 2 procedures, a neurological deficit 
of 7% to 14%, and kidney failure requiring hemodialysis in 3%. Atrial fibrillation 
is reported in up to 42% of these patients, the reported survival is 71%, 60%, and 
48% at 12 months, 3, and 5 years, respectively [1, 8, 11].

2.2 Zone 1

Zone 1 corresponds to the area of the ascending aorta between the brachy-
cephalic trunk and the left common carotid artery. Repair of the left subclavian 
artery may or may not be necessary, depending on the clinical context, this repair is 
performed in up to 70% of cases, so repair is recommended whenever possible. The 
debranching of zone 1 is a partial procedure and is subdivided into three types:

2.2.1 Type 1

Sequential bypass from right carotid to left carotid and left subclavian artery is 
carried out by performing a sequential bypass that is: An anastomosis of the right 
carotid artery to the left carotid artery and from this a bypass to the left subclavian 
artery, so this procedure can be completed without the need for extracorporeal 
circulation, median sternotomy, or thoracotomy (Figure 3).

2.2.2 Type 2

Double arterial transposition this is to perform an anastomosis first from the 
left carotid artery to the right carotid artery or the brachiocephalic trunk followed 

Figure 3. 
Debranching zone 1 type 1, using bypass sequential bypass from right carotid to left carotid and left subclavian 
artery. Note closure of the left carotid artery lumen and ligation of the left subclavian artery, with a 
endoprosthesis covering two branches of the aortic arch.
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by an anastomosis between the left subclavian artery to the left carotid artery. A 
single transposition of the left carotid artery to the right carotid artery can also be 
performed followed by a left carotid artery bypass to the left subclavian artery using 
a graft [1, 8] (Figure 4).

2.2.3 Type 3

Bypass with graft of the right carotid artery to the left subclavian artery, then 
the insertion of the left carotid artery over the graft is performed [6].

There are no studies comparing the three types of hybrid revascularization for 
zone 1 (Figure 5).

2.3 Zone 2

The debranching of zone 2 is a partial procedure too.
Many patients with thoracic aortic disease have extension of the disease to 

the left subclavian artery, so it may need to be covered between 40% and 50% to 
achieve a seal and adequate proximal fixation. In general, after TEVAR the rates 
of neurological complications are up to 15%, the etiology is related to athero-
embolization and decreased flow of the left vertebral artery [7, 10, 12]. Some 
authors suggest that the coverage of the left subclavian artery is associated with an 
increase in neurological complications related to the reduction of the flow of the 
posterior circulation, while others report that revascularizing the left subclavian 
artery does not offer any benefit, on the contrary, it increases the surgical time 
and the risk of complications, especially in emergency surgeries such as ruptured 
aortic aneurysm [10, 12].

In 2010 the published guidelines of the Society for Vascular Surgery [SVS] 
and in 2017 the guidelines of the European Society for Vascular Surgery [ESVS] 
recommend early revascularization of the left subclavian artery to reduce the 

Figure 4. 
Debranching zone 1 type 2, using double arterial transposition. Note closure of the lumen of the left carotid 
artery and the left subclavian artery with a suture line.
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risk of neurological complications, but this recommendation is based on low-
quality evidence [13, 14].

In the meta-analysis published in 2016 [15], which compared retrospective 
studies, they found a stroke rate of 2.2% to 5.8% for patients with left subclavian 
artery revascularization and from 7.8% to 9.1% In those who did not revascularize, 
with respect to spinal cord ischemia, a rate of 2.7% was reported for those patients 
with revascularization and 4.3% for those patients without revascularization of the 
left subclavian artery, without statistical significance for these results, but with a 
trend in favor of revascularization of the left subclavian artery.

Factors related to stroke and spinal ischemia include the duration of the pro-
cedure, the degree of underlying aortic disease, device navigation and release, the 
number of prostheses used in aortic repair, occlusion below T10, insufficiency 
renal and female sex [15–18]. Mortality from revascularization and non-revascu-
larization of the left subclavian artery in hybrid procedures is similar, 3.1% to 4.3% 
respectively.

There is no significant difference in the effectiveness between open revascu-
larization surgery techniques (left carotid-subclavian shunt or subclavian carotid 
transposition), finding 100% patency in the two techniques. Open revasculariza-
tion is not without complications such as lymphatic leakage, vocal cord paralysis in 
5% to 13%, and phrenic nerve injury in 4.4% of cases [10, 19].

In recent years, a tendency has been observed to revascularize the left subclavian 
artery with endovascular techniques; Some studies suggest that these revascu-
larization techniques present similar results to open surgery, whether it is the 
transposition of the left subclavian artery to the left carotid artery or the bypass 
of the left carotid artery to the left subclavian artery, in selected patients, such as: 

Figure 5. 
Debranching zone 1 type 3, using bypass with graft. Note closure of the lumen of the left subclavian artery 
whit coils and the left carotid artery with a suture line, with a endoprosthesis covering two branches of the 
aortic arch.
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patients with severe obesity, very short and stiff necks, previous neck surgeries. 
For endovascular therapy of the left subclavian artery to be performed, anatomical 
aspects should be considered such as: a distance greater than 40 mm between the 
left vertebral artery and the subclavian artery left, an angle less than 75 degrees to 
the aortic arch of the left subclavian artery [3, 17].

Most of these studies do not describe anatomical details that determine the 
result, and the evidence is based on a small number of clinical cases with short-
term follow-up of [17, 18]. Therefore, the surgeon must individualize the best 
therapeutic option for each patient based on the least morbidity and the longest 
possible duration.

The indications for elective revascularization of the ASI can be summarized in 
Table 1 [16, 18].

3. Conclusion

There are no data from randomized controlled trials comparing conventional 
therapy with hybrid procedures for the treatment of aortic arch pathology; some 
studies comparing the results between open surgery and hybrid therapies show a 
statistically significant findings found in recent studies a reduction in mortality. 
However, hybrid procedures are an alternative for those patients with high surgical 
risk who cannot tolerate open repair or complex anatomy for endovascular therapy.
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Preoperative Intraoperative Postoperative

• Bypass in the internal mam-

mary artery (IMA).

• Loss of left radial pulse after 

device deployment.

• Clinical symptoms of vertebrobas-

ilar insufficiency (ataxia, blurred 

vision, dizziness).

• Left vertebral artery (LVA) 

direct branch of the aortic 

arch.

• Claudication of the left arm.

• Access for hemodialysis in 

the left thoracic limb (LTL).

• Dominant left vertebral 

artery.

• Protection of the spinal cord.

• Extensive coverage of the 

aorta

Table 1. 
Indications for revascularization of the left subclavian artery. This table considers three moments in which we 
can perform a surgery.



9

Alternative Techniques for Treatment of Thoracic Aneurysms without Ideal Anatomy
DOI: http://dx.doi.org/10.5772/intechopen.96574

Author details

Jorge Armando Martinez*, Enrique Ortiz Herrasti, Raúl Alberto Bacelis,  
Pedro Manuel Córdova and Ingrid Estrella Diaz
Regional Hospital of High Specialty of the Yucatan Peninsula, Mérida City, Mexico

*Address all correspondence to: sturiyamni@gmail.com

Recognitions

The authors did not receive financial support for the research, authorship and/or 
publication of this chapter.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



10

Aortic Aneurysm - Clinical Findings, Diagnostic, Treatment and Special Situations

[1] Preventza O, Garcia A, Cooley DA, 
et al. Total aortic arch replacement: A 
comparative study of zone 0 hybrid arch 
exclusion versus traditional open repair 
Read at the 95th Annual Meeting of 
the American Association for Thoracic 
Surgery, Seattle, Washington, April 
25-29, 2015. J Thorac Cardiovasc Surg. 
2015;150(6):1591-1600. doi:10.1016/j.
jtcvs.2015.08.117

[2] Nashef SAM, Roques F, Sharples LD, 
et al. Euroscore II. Eur J Cardio-thoracic 
Surg. 2012;41(4):734-745. doi:10.1093/
ejcts/ezs043

[3] Iba Y, Minatoya K, Matsuda H, et al. 
How should aortic arch aneurysms 
be treated in the endovascular aortic 
repair era? A risk-adjusted comparison 
between open and hybrid arch repair 
using propensity score-matching 
analysis. Eur J Cardio-thoracic 
Surg. 2014;46(1):32-39. doi:10.1093/
ejcts/ezt615

[4] D’Oria M, Kärkkäinen JM, 
Tenorio ER, et al. Perioperative 
Outcomes of Carotid–Subclavian Bypass 
or Transposition versus Endovascular 
Techniques for Left Subclavian Artery 
Revascularization during Nontraumatic 
Zone 2 Thoracic Endovascular 
Aortic Repair in the Vascular Quality 
Initiative. Ann Vasc Surg. 2020;69:17-26. 
doi:10.1016/j.avsg.2020.05.062

[5] Lotfi S, Clough RE, Ali T, et al. 
Hybrid repair of complex thoracic aortic 
arch pathology: Long-term outcomes 
of extra-anatomic bypass grafting of 
the supra-aortic trunk. Cardiovasc 
Intervent Radiol. 2013;36(1):46-55. 
doi:10.1007/s00270-012-0383-3

[6] Antoniou GA, El Sakka K,  
Hamady M, Wolfe JHN. Hybrid 
Treatment of Complex Aortic Arch 
Disease with Supra-aortic Debranching 
and Endovascular Stent Graft 

Repair. Eur J Vasc Endovasc Surg. 
2010;39(6):683-690. doi:10.1016/j.
ejvs.2010.02.002

[7] M. Christopher AMLS. 乳鼠心肌提
取 HHS Public Access. Physiol Behav. 
2016;176(1):100-106. doi:10.1016/j.
jamcollsurg.2015.02.028.Outcomes

[8] Chakos A, Jbara D, Yan TD, 
Tian DH. Long-term survival and 
related outcomes for hybrid versus 
traditional arch repair-A meta-analysis. 
Ann Cardiothorac Surg. 2018;7(3):319-
327. doi:10.21037/acs.2018.05.07

[9] Ishimaru S. Endografting 
of the aortic arch. J Endovasc 
Ther. 2004;11(SUPPL. 2):6-7. 
doi:10.1583/04-1407.1

[10] Bavaria J, Vallabhajosyula P, Moeller P, 
Szeto W, Desai N, Pochettino A. Hybrid 
approaches in the treatment of aortic 
arch aneurysms: Postoperative and 
midterm outcomes. J Thorac Cardiovasc 
Surg. 2013;145(3 SUPPL.):85-90. 
doi:10.1016/j.jtcvs.2012.11.044

[11] Tian DH, Wan B, Di Eusanio M, 
Black D, Yan TD. A systematic review 
and meta-analysis on the safety and 
efficacy of the frozen elephant trunk 
technique in aortic arch surgery. Ann 
Cardiothorac Surg. 2013;2(5):581-591. 
doi:10.3978/j.issn.2225-319X.2013.09.07

[12] Patterson BO, Holt PJ, 
Nienaber C, Fairman RM, Heijmen RH, 
Thompson MM. Management of the 
left subclavian artery and neurologic 
complications after thoracic 
endovascular aortic repair. J Vasc Surg. 
2010;60(6):1491-1498.e1. doi:10.1016/j.
jvs.2014.08.114

[13] Matsumura JS, Lee WA, Mitchell RS, 
Farber MA, Murad MH, Lumsden AB, 
et al. The Society for Vascular Surgery 
Practice Guidelines: Management of 

References



11

Alternative Techniques for Treatment of Thoracic Aneurysms without Ideal Anatomy
DOI: http://dx.doi.org/10.5772/intechopen.96574

the left subclavian artery with thoracic 
endovascular aortic repair. J Vasc Surg 
[Internet]. 2009;50(5):1155-8. Available 
from: http://dx.doi.org/10.1016/j.
jvs.2009.08.090

[14] Writing Committee, Riambau V, 
Böckler D, Brunkwall J, Cao P, Chiesa R, 
et al. Editor’s Choice – Management of 
Descending Thoracic Aorta Diseases: 
Clinical Practice Guidelines of the 
European Society for Vascular Surgery 
(ESVS). Eur J Vasc Endovasc Surg 
[Internet]. 2017;53(1):4-52. Available 
from: http://dx.doi.org/10.1016/j.
ejvs.2016.06.005

[15] Piffaretti G, Pratesi G, Gelpi G, 
Galli M, Criado FJ, Antonello M, et al. 
Comparison of Two Different 
Techniques for Isolated Left Subclavian 
Artery Revascularization During 
Thoracic Endovascular Aortic Repair in 
Zone 2. J Endovasc Ther. 2018;25(6): 
740-9. DOI: 10.1177/1526602818802581

[16] Sobocinski J, Patterson BO, 
Karthikesalingam A, Thompson MM. 
The Effect of Left Subclavian Artery 
Coverage in Thoracic Endovascular 
Aortic Repair. Ann Thorac Surg 
[Internet]. 2016;101(2):810-7. Available 
from: http://dx.doi.org/10.1016/j.
athoracsur.2015.08.069

[17] Bradshaw RJ, Ahanchi SS, Powell O, 
Larion S, Brandt C, Soult MC, et al. 
Left subclavian artery revascularization 
in zone 2 thoracic endovascular aortic 
repair is associated with lower stroke 
risk across all aortic diseases. J Vasc 
Surg [Internet]. 2010;1-10. Available 
from: http://dx.doi.org/10.1016/j.
jvs.2016.10.111

[18] Hajibandeh S, Hajibandeh S, 
Antoniou SA, Torella F, Antoniou GA. 
Meta-analysis of Left Subclavian 
Artery Coverage With and Without 
Revascularization in Thoracic 
Endovascular Aortic Repair. 2016; DOI 
10.1177/152660281665141

[19] Martínez-Martínez J, 
Ortiz-Herrasti E, Martínez-Cachón JE, 
Lecuona-Huet NE, Farro-Moreno A, 
Moreno-Vargas HC. Manejo híbrido 
de aneurisma de aorta torácica 
descendente. Rev Mex Angiol. 
2019;47(1):47-51. ISSN: 00377740


