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ABSTRACT

Introduction: The aim of this study was to present the mid-term
results of patients who had undergone a carotid-subclavian bypass
surgery after a thoracic endovascular aortic repair (TEVAR) stent-graft
implantation with proximal landing at zone 2 of the aorta.

Methods: A total of 66 patients had undergone TEVAR and
carotid-subclavian bypass between January 2015 and May 2020 at
our clinic. Five of these patients were lost to follow-up, so 61 patients
were included in this retrospective study. At follow-up visits, patency
of the carotid-subclavian bypass grafts was evaluated with physical
examination and radiological imaging.

Results: The mean follow-up time was 15.11+12.29 months (ranging
from 1 to 56 months). There were 3 (4.91%) in-hospital deaths of

patients admitted with bilateral lower limb and visceral malperfusion.
There were also 2 (3.27%) deaths unrelated to the procedure.
Carotid-subclavian graft occlusion occurred in 3 (4.91%) patients.
The occlusion was detected with radiological imaging within a period
of 12 to 24 months. The graft patency rate was 100% in the first 12
months. The mean graft patency time (survival) was 52.56+2.10
months.

Conclusion: Periprocedural carotid-subclavian bypass surgery with
synthetic grafts is a recommended procedure with high patency and
acceptably low mortality and morbidity rates in TEVAR.

Keywords: Aortic Aneurysm. Thoracic Surgery. Carotid Arteries.
Subclavian Artery. Aortic Aneurysm. Low Extremity.

Abbreviations, Acronyms & Symbols

CSB = Carotid-subclavian artery bypass

CTA = Computed tomography angiography

ICU = Intensive care unit

LSA = Left subclavian artery

PICA = Posterior inferior cerebellar artery

PTFE = Polytetrafluoroethylene

RBC = Red blood cells

SPSS = Statistical Package for the Social Sciences
TEVAR =Thoracic endovascular aortic repair

"SBU Digkapt Yildirnim Beyazit Training and Research Hospital, Ankara, Turkey.

This study was carried out at the SBU Diskapi Yildirm Beyazit Training and
Research Hospital, Ankara, Turkey.

INTRODUCTION

Carotid-subclavian artery bypass (CSB) is performed in peripheral
occlusive disease of the subclavian artery and vertebrobasilar
insufficiency, while protecting the patency of the ipsilateral
hemodialysis access. Perioperative stroke and 5-year patency
rates are 0-6% and 82-96%, respectively3. The indications
for CSB are broadened following the introduction of thoracic
endovascular aortic repair (TEVAR) in clinical practicet, Extension
of the proximal landing zone up to the left carotid artery, thus
covering the left subclavian artery (LSA) origin, increases the
safety and efficiency of TEVAR in patients with an inadequate
landing zone at zone 3. Revascularization of the subclavian artery
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reduces the risks of anterior/posterior circulation stroke as well as
upper limb and spinal cord ischemia®. The aim of this study was
to present the mid-term results of patients who had undergone a
CSB surgery after a TEVAR stent-graft implantation with proximal
landing at zone 2 of the aorta.

METHODS

A total of 165 patients were treated with TEVAR, and 66 patients
underwent TEVAR and CSB between January 2015 and May
2020 at our clinic. Five of these patients were lost to follow-up,
so 61 patients were included in this retrospective study. Patients
were followed up for 1-, 6-, 12-, and 24-month intervals. At
follow-up visits, patency of the CSB grafts was evaluated with
physical examination (by checking peripheral arterial pulses,
looking for signs of limb ischemia, and comparing blood
pressure measurements between the two arms) and radiological
imaging (computed tomography angiography [CTA]). Pre- and
postoperative chest radiograms were compared for diaphragm
elevation to determine phrenic nerve palsy.

Operative Technique

A 3-4-cm-long single skin incision was made from the lateral to
the superomedial tips of the omoclavicular triangle. The internal
jugular vein was exposed after dissection of the subcutaneous
tissue. Then, the left common carotid artery was visualized and
retracted with vascular tapes. The dissection was continued
inferomedially over the clavicle to the anterior scalene muscle
by mobilizing the pre-scalene fat pad upwards. The surgeon
should be careful to avoid phrenic nerve injury at this stage of
the dissection. Avoiding damage to the laterally located brachial
plexus, the LSA was exposed at the lateral border of the anterior
scalene muscle. Its division permits the proximal subclavian artery
to be reached beyond the origin of the vertebral artery, which
may allow ligation to preclude type Il endoleak following TEVAR.

After administration of a proper dose of heparin, first the proximal
end of a 7- or 8-mm Dacron (Polymaille C, Perous Medical, France)
graft was anastomosed in an end-to-side fashion to the left
common carotid artery. The graft body was threaded through a
tunnel in the scalene fat pad and placed underneath it, and then
the distal end of the graft was anastomosed to the left subclavian
artery (Figure 1).The LSA was ligated with polytetrafluoroethylene
(PTFE) tape when it was considered safe for the patient, whereas
vascular plug implantation was performed if necessary due to a
type Il endoleak. The surgeon should keep in mind that ligation
of the subclavian artery may result in catastrophic complications
such as massive bleeding if the subclavian artery is fragile,
as in patients with acute type B aortic dissections. We prefer
endovascular occlusion of the subclavian artery with a vascular
plug in case of a type Il endoleak. Usually, the TEVAR procedure
was completed in the same session as per routine.

Statistical Analysis

The SPSS (Statistical Package for the Social Sciences) version 13
software was used for statistical analysis of the data. Qualitative

data was expressed as percentages (%), and quantitative data
as meanzstandard deviation. The Kaplan-Meier curve was
calculated for cumulative survival analysis.

RESULTS

Patients’ demographic data are presented in Table 1. Mean
follow-up time was 15.114+12.29 months (range 1 to 56 months).
Three (4.91%) in-hospital deaths occurred in patients admitted
with bilateral lower limb and visceral malperfusion. There were
also 2 (3.27%) deaths unrelated to the procedure. One patient
died of congestive heart failure 18 months after the operation,
and 1 patient died of low cardiac output syndrome after
emergency coronary artery bypass surgery, performed one
month after the initial operation.

CSB graft occlusion occurred in 3 (491%) patients. The
occlusion was detected with radiological imaging within a
period of 12 to 24 months. The graft patency rate was 100%
in the first 12 months. There were no signs of vertebrobasilar
insufficiency or other clinical complications in these patients,
therefore, a secondary revascularization was not planned. The
mean graft patency time (survival) was 52.56+£2.10 months
(Figure 2). Lymphorrhea occurred in 6 (10.16%) patients, and 1
of these patients also had chylothorax (1.6%). Revision surgery
was needed in 1 (1.6%) of these patients because of a wound
infection. The wound infection resolved, and no subsequent
problems occurred in this patient. No graft infection occurred
in the patient group of this study. Eight (13.11%) patients
underwent revision surgery for bleeding. None of the patients
had phrenic nerve palsy. Stroke due to contralateral carotid
artery disease occurred in 1 (1.6%) patient. The mean number of
packed red blood cells (RBC) units was 1.18+1.07 (ranged from 0
to 3). The mean length of stay in the intensive care unit (ICU) was
2.08+2.18 days (ranged from 1 to 14 days) and the mean length
of hospital stay was 4.43+5.23 days (ranged from 1 to 26 days).
Postoperative data are presented in Table 2.

DISCUSSION

The findings of this study showed that CSB surgery using
synthetic grafts along with zone 2 TEVAR has high rates of early
and late patency, as well as acceptable mortality and morbidity
rates.

Blood flow to the LSA should be preserved to prevent posterior
cerebral and spinal cord ischemia. The main blood supply to
the spinal cord originates from the vertebral, segmental, and
hypogastric arteries. The vertebral artery may be anatomically
complete, partially duplicated, or asymmetric due to unilateral
hypoplasia, or it may terminate in the posterior inferior
cerebellar artery (PICA)®. The prevalence of PICA variation is
about 4-5%". Thus, losing the PICA blood supply causes a high
risk of vertebrobasilar ischemic stroke (6.4%)®. Therefore, we
performed LSA revascularization with open surgery (LSA-CSB
bypass) or endovascular techniques (chimney or periscope)
or by placing a physician-modified fenestrated TEVAR graft
to protect the LSA blood flow in all our TEVAR patients, either
elective or urgent, if the patient was eligible. Moreover, distal
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Fig. 1 - (A) A 3 to 4-cm-long skin incision was made in the supraclavicular region. (B, C) The sternocleidomastoid muscle was mapped on
the skin and exposed. (D) Proximal anastomosis of the graft to the left common carotid artery. (E) Distal anastomosis of the graft to the left
subclavian artery. (F) The bypass graft passing through the tunnel in the scalene fat pad. LCCA: left common carotid artery; LSA: left subclavian
artery; SCM: sternocleidomastoid.

Table 1. Demographic data.

N=61
Age, mean+SD 5743+13.83
Male gender, n (%) 48 (78.68)
Hypertension, n (%) 34 (55.71)
Hyperlipidemia, n (%) 30 (49.23)
Diabetes, n (%) 36 (59.01)
Cerebrovascular accident, n (%) 1(1.63)

SD=standard deviation
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Fig. 2 - Survival curve related to left carotid-subclavian bypass graft
patency.

extensions of TEVAR grafts or additional TEVAR grafting into the
descending aorta will endanger the spinal cord circulation, so
prior LSA revascularization will also be useful in these situations.

In recent years, the TEVAR procedure has been a frequent CSB
indication, and routine preoperative LSA revascularization is
suggested in the Society for Vascular Surgery Clinical Practice

Table 2. Postoperative data.

Guidelines when the LSA is covered during non-urgent TEVAR.
Itis also strongly recommended if the collateral circulation may
be compromised™.

The overall stroke rate after TEVAR was reported as 2.9%in a recent
study®.The etiology is multifactorial. The coverage of important
vessels with the device for aortic disease involving the arch vessels
is one of the causes. It has been shown that >60% of patients have
a dominant left vertebral artery with the contralateral vertebral
artery rudimentary or absent, thus increasing the risk of stroke in
case of unknowingly covering the LSA. Some studies have shown
that intentional LSA coverage without revascularization has a
higher overall (9.1-13% vs. 2-2.2%) and posterior stroke rates (5.1-
5.5% vs. 2%), compared to LSA revascularization®'3, By contrast,
Hajibandeh et al"™ reported in their more recent meta-analysis
that LSA revascularization was not found to significantly reduce
stroke rates after TEVAR procedures covering the LSA origin. We
performed LSA revascularization in all our patients, either elective
or urgent, as a routine.

The 5-year patency rates of CSB with prosthetic material was
reported as 98%, and the samerate with venous grafts as 58%!">'°.
Law et al.'"”’ compared the patency rates of all graft types used in
CSB and reported that PTFE grafts had the best 5-year patency
rate, which was 95.2+4.6%. Dacron grafts had the second best
patency rate, 83.9+10.5%. They reported that saphenous vein
grafts had the worst 5-year patency rate, 64.8+16.5%. However,

N=61
Emergent surgery, n (%) 30 (49.18)
Graft types, n (%)
6 mm-Dacron 2(3.27)
7 mm-Dacron 34 (55.73)
8 mm-Dacron 22 (36.06)
9 mm-Dacron 1(1.64)
8 mm-ringed PTFE 1(1.64)
7 mm-non-ringed PTFE 1(1.64)
Graft occlusion, n (%) 3(491)
Follow-up time, mean+SD (months) 15.114£12.29
Graft patency time, meanzSD (months) 52.56+2.10
Chylothorax, n (%) 1(1.63)
Phrenic nerve palsy, n (%) 0
Stroke, n (%) 1(1.63)
Lymphorrhea, n (%) 6(10.16)
Total RBC units, mean+SD 1.18+£1.07
Revision for bleeding, n (%) 8(13.11)
Wound infection, n (%) 1(1.63)
ICU stay, mean£SD (days) 2.08+2.18
Hospital stay, mean+SD (days) 4434523
Mortality, n (%) 3(491)

ICU=intensive care unit; RBC=red blood cells; SD=standard deviation
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they could not find any statistical significance between these
values because of the high overall patency rate (P=0.200).
Voigt et al"®, who utilized a PTFE graft in the majority (95.5%)
of their patient group, reported 5-year synthetic graft patency
rates of 97% in their study. In this study, a PTFE graft was used
in 2 patients (3.2%) for CSB, and a Dacron graft was used in the
remaining patients (96.8%). Dacron grafts were the only type of
graft available at the time of this study. Kuguker et al.™ reported
graft patency rates of 93.75% in 30 days and 100% in 18 months
in their study, in which they had used Dacron grafts for carotid-
subclavian bypass. Graft occlusions occurred in 3 patients with
Dacron grafts, and the synthetic graft patency rate (95.1%)
agreed with values reported in the literature.

The main surgical approach to arteries for a CSB surgery is
the supraclavicular approacht™. A transverse skin incision of
approximately 8-10 cm-long, about 2 cm above the clavicle,
starting from the clavicular head and extending to the lateral
portion of the supraclavicular region, was described?”,
The medial approach includes division of both bellies of
the sternocleidomastoid muscle, and the lateral approach
includes division of only its lateral belly?". We made a much
shorter incision in the omoclavicular triangle, preserving the
sternocleidomastoid muscle and the scalene fat pad. We believe
that this approach facilitates the postoperative wound healing
process.

The scalene fat pad is divided in the common CSB technique
in the literature™. We keep the scalene fat pad undivided, but
we mobilize it. In our technique, it is dissected from the clavicle
along the inferior border and elevated upwards. Then, we form a
tunnelin the fat pad and performed the CSB through this tunnel.
We believe that, by preserving the scalene fat pad, we protect
the lymphatic tissue and reduce the likelihood of complications
such as lymphorrhea due to lymphatic damage. Moreover, the
synthetic graft body is placed underneath the scalene fat pad
in our technique. We believe this will keep the synthetic graft
away from the subcutaneous tissue and prevent future surgical
site infections.

Delafontaine et al®? reported higher rates of pulmonary
complications and stroke in patients undergoing LSA
revascularization with open bypass versus stenting (31.4 and 9.6%
vs. 23.9 and 4.7%, respectively). They also reported a higher rate of
left arm ischemia in patients with stented LSA revascularization
versus open bypass revascularization (13.4% vs. 8.1%). These
results contradict those of our study. Herein, we represent the
results of open bypass LSA revascularization, and we did not have
left arm ischemia in our patient group. We also have the results of
endovascular LSA revascularization, which is scheduled for future
publication.

Limitations of the Study

Flow rates in the carotid and subclavian arteries were not
measured with Doppler ultrasonography, as nearly half of the
patients had undergone operations with urgent status. The
preoperative patency of the carotid and subclavian arteries was
evaluated only visually with CTA. We performed endovascular
revascularization techniques such as chimney TEVAR or surgeon-

modified fenestrated TEVAR for LSA revascularization instead of
open CSB surgery in urgent patients or in patients who were not
eligible for general anesthesia.

CONCLUSION
Periprocedural CSB surgery with synthetic grafts can be

performed with high patency rates and acceptably low mortality
and morbidity rates in TEVAR procedures.

No financial support.
No conflict of interest.

Authors’ Roles & Responsibilities

Substantial contributions to the conception or design of the
work; drafting the work or revising it critically for important
intellectual content; agreement to be accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved; final approval of
the version to be published

LA Substantial contributions to the conception or design of the
work; drafting the work or revising it critically for important
intellectual content; agreement to be accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved; final approval of

the version to be published

SH Acquisition, analysis or interpretation of data for the work;
agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and

resolved; final approval of the version to be published

MSZ  Acquisition, analysis or interpretation of data for the work;
agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and

resolved; final approval of the version to be published

ES Acquisition, analysis or interpretation of data for the work;
agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved; final approval of the version to be published

OE Acquisition, analysis or interpretation of data for the work;
agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and

resolved; final approval of the version to be published

Drafting the work or revising it critically for important
intellectual content; agreement to be accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved; final approval of
the version to be published

UK Agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and

resolved; final approval of the version to be published

725

Brazilian Journal of Cardiovascular Surgery



incel, et al. - Left Carotid-Subclavian Bypass in TEVAR

Braz J Cardiovasc Surg 2022;37(5):721-726

REFERENCES

Diethrich EB, Garrett HE, Ameriso J, Crawford ES, el-Bayar M, De
Bakey ME. Occlusive disease of the common carotid and subclavian
arteries treated by carotid-subclavian bypass. Analysis of 125 cases.
Am J Surg. 1967;114(5):800-8. doi:10.1016/0002-9610(67)90151-1.
Vitti MJ, Thompson BW, Read RC, Gagne PJ, Barone GW, Barnes RW,
et al. Carotid-subclavian bypass: a twenty-two-year experience. J
Vasc Surg. 1994;20(3):411-7; discussion 417-8. doi:10.1016/0741-
5214(94)90140-6.

AbuRahma AF, Robinson PA, Jennings TG. Carotid-subclavian bypass
grafting with polytetrafluoroethylene grafts for symptomatic
subclavian artery stenosis or occlusion: a 20-year experience.
J Vasc Surg. 2000;32(3):411-8; discussion 418-9. doi:10.1067/
mva.2000.108644.

Matsumura JS, Rizvi AZ; Society for Vascular Surgery. Left subclavian
artery revascularization: society for vascular surgery practice
guidelines. J Vasc Surg. 2010;52(4 Suppl):655-70S. doi:10.1016/j.
jv5.2010.07.003.

Buth J, Harris PL, Hobo R, van Eps R, Cuypers P. Duijm L, et al.
Neurologic complications associated with endovascular repair of
thoracic aortic pathology: incidence and risk factors. a study from
the European collaborators on stent/graft techniques for aortic
aneurysm repair (EUROSTAR) registry. J Vasc Surg. 2007;46(6):1103-
10; discussion 1110-1. doi:10.1016/j.jvs.2007.08.020.

Patel Z, Abdulrahman AA. Morphometric study for the intracranial
portion of the vertebral artery in human cadavers. Trans| Res Anat
2020;20:100076.

Liu IW, Ho BL, Chen CF, Han K, Lin CJ, Sheng WY, et al. Vertebral
artery terminating in posterior inferior cerebellar artery: a normal
variation with clinical significance. PLoS One. 2017;12(4):e0175264.
doi:10.1371/journal.pone.0175264.

Qureshi Al, Qureshi MH, Lien LM, Lee JT, Jeng JS, Hu CJ, et al. One-year
risk of recurrent stroke and death associated with vertebrobasilar
artery stenosis and occlusion in a cohort of 10,515 patients.
Cerebrovasc Dis. 2019;47(1-2):40-7. doi:10.1159/000495418.
Swerdlow NJ, Liang P, Li C, Dansey K, O'Donnell TFX, de Guerre
LEVM, et al. Stroke rate after endovascular aortic interventions in
the society for vascular surgery vascular quality initiative. J Vasc
Surg. 2020;72(5):1593-601. Erratum in: J Vasc Surg. 2021;73(1):357.
doi:10.1016/jvs.2020.02.015.

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. 2017;65(5):1270-9. doi:10.1016/j.
jvs.2016.10.111.

16.

20.

21.

22.

Zamor KC, Eskandari MK, Rodriguez HE, Ho KJ, Morasch MD, Hoel
AW. Outcomes of thoracic endovascular aortic repair and subclavian
revascularization techniques. J Am Coll Surg. 2015;221(1):93-100.
doi:10.1016/j jamcollsurg.2015.02.028.

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. 2014;,60(6):1491-7.e1. doi:10.1016/jjvs.2014.08.114.
Waterford SD, Chou D, Bombien R, Uzun |, Shah A, Khoynezhad A.
Left subclavian arterial coverage and stroke during thoracic aortic
endografting: a systematic review. AnnThorac Surg. 2016;101(1):381-
9. doi:10.1016/j.athoracsur.2015.05.138.

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. J Endovasc
Ther. 2016,23(4):634-41. doi:10.1177/1526602816651417.

Ziomek S, Quifiones-Baldrich WJ, Busuttil RW, Baker JD, Machleder
HI, Moore WS. The superiority of synthetic arterial grafts over
autologous veins in carotid-subclavian bypass. J Vasc Surg.
1986;3(1):140-5.

Protack CD, Smith A, Moennich LA, Hardy D, Lyden SP, Farivar
BS. Midterm outcomes of subclavian artery revascularization in
the setting of thoracic endovascular aortic repair. J Vasc Surg.
2020;72(4):1222-8.doi:10.1016/j.jvs.2019.11.049.

Law MM, Colburn MD, Moore WS, Quifiones-Baldrich WJ, Machleder
HI, Gelabert HA. Carotid-subclavian bypass for brachiocephalic
occlusive disease. Choice of conduit and long-term follow-up.
Stroke. 1995;26(9):1565-71. doi:10.1161/01.5tr.26.9.1565.

Voigt SL, Bishawi M, Ranney D, Yerokun B, McCann RL, Hughes GC.
Outcomes of carotid-subclavian bypass performed in the setting
of thoracic endovascular aortic repair. J Vasc Surg. 2019,69(3):701-9.
doi:10.1016/j,jvs.2018.07.022.

Kugutker A, Hidiroglu M, Cetin L, Kunt A, Saglam F, Bayram H, et al.
The results of carotid-subclavian bypass in a single institute. Damar
Cer Derg 2013;22(3):285-91. doi:10.9739/uvcd.2013-38041.
Haimovici H. Extrathoracic Exposure for Distal Revascularization of
Brachiocephalic Branches. In: Haimovici's Vascular Surgery. Oxford,
UK: Blackwell Science; p 308-14.

Rutherford RB. Exposure of the brachiocephalic vessels. Semin Vasc
Surg. 1996,9(2):77-83.

Delafontaine JL, Hu B, Tan TW, Tang GL, Starnes BW, Virk C, et al.
Outcome comparison of TEVAR with and without left subclavian
artery revascularization from analysis of nationwide inpatient
sample database. Ann Vasc Surg. 2019;58:174-9. doi:10.1016/].
avsg.2019.01.005.

This is an open-access article distributed under the terms of the Creative Commons Attribution License.
BY

726

Brazilian Journal of Cardiovascular Surgery



