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Abstract

Purpose Hybrid aortic arch replacement (HAAR) is emerging as a safe treatment alternative for aortic arch pathologies. HAAR is
divided into three groups. We have assessed our outcome for all three types of HAAR.

Method From January 2007 to December 2016, we have performed 119 endovascular aortic repair (EVAR) of the aorta of which
56 were hybrid aortic arch repair. The hybrid repair entailed aortic arch vessel debranching and concomitant/delayed antegrade +
retrograde EVAR stent grafting of the arch. For group I and IT hybrid patients, we debranch the supra-aortic arch vessels without
the aid of circulatory arrest. EVAR was performed on the following day. In group I1I, hybrid antegrade EVAR of the thoracic aorta
and arch reconstruction was performed in single stage.

Results Ofthe 56 patients, 16 were in group I, 32 in group 11, and 8 in group I1I. Mean age was 59.9 + 9.4 years with 78.57% (n =
44) being males. Aortic dissection was the primary pathology in 31 (55.36%) patients followed by aneurysm in 24 (42.86%)
patients. Marfans syndrome was present in 28.57% (n = 16) patients. Redosternotomy was performed in 10.71% patients (n = 6).
Incidence of stroke was 5.38% (n = 3) and there was no patients with renal dysfunction requiring hemodialysis. There were two
retrograde aortic dissections and two endoleaks, both in group I patients. Thirty days in-hospital mortality was 5.38% (2 in group
I'and 1 in group II).

Conclusion Hybrid aortic arch replacement can be performed with good postoperative outcome. Type Il hybrid is better than type
I hybrid in our experience. As experience increases, the outcome continues to improve.

Keywords Aortic arch - Endovascular stenting - Hybrid procedure

Introduction

The treatment of aortic arch pathologies remains a challenge
even in the present era. When diseases of the aorta such as the
aneurysms, aortic dissection, or pseudo aneurysm involve the
aortic arch, open aortic arch replacements are done, which will
require a deep hypothermic circulatory arrest. Neurological
and cardiovascular complications still remain a significant
cause of morbidity and mortality in open surgical repair
(OSR), even with the improved techniques over the last two
decades [1, 2]. This is even more evident in high-risk candi-
dates—such as old age and patients with high comorbidity
index. The influx of stents grafts for thoracic endovascular
aortic repair (TEVAR) has provided an alternate to complex
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aortic arch pathologies, especially in high-risk cohorts.
“Hybrid” aortic arch repair (HAAR)—an amalgamation of
conventional surgical techniques and endovascular technolo-
gy—has minimised the risk of operation. It seeks to limit
operative, bypass, and circulatory arrest time by simplifying
and shortening the arch repair procedure. Hybrid arch proce-
dures necessitate two main doctrines: (i) efficient debranching
of the supra-aortic arch branches—innominate artery, left
common carotid artery (LCCA), and left subclavian artery
(LSA) and (ii) creation of adequate proximal and distal land-
ing zone (LZ) for the TEVAR. We are presenting our experi-
ence with HAAR, with early and midterm follow-up.

Methods

From January 2007 to December 2016, 119 patients
underwent endovascular aortic repair (EVAR). Of these, 56
underwent “Hybrid” aortic arch repair. They fall into three
groups—groups I, II, and III.
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Fig. 1 Group I cohort. a Isolated
aneurysm of the distal aortic arch. a
b A carotid—carotid bypass was
performed and the endograft was
landed in zone 1. ¢ Type B aortic
dissection with an entry point in
the distal aortic arch. d
Debranching of the innominate
and left common carotid arteries
were done from the native
ascending aorta. Endograft was
landed in zone 0

Group |

These are group of patients (16 of the 56) who had isolated
aortic arch pathology. The stent graft is landed proximally on
native aorta either in zone 0 or zone 1 (Fig. 1).

Zone 0 — Native aorta: Debranching of the supra-aortic
arch branches were achieved by median sternotomy. The
stent graft was deployed covering these branches, with
proximal landing on zone 0. Debranching is usually
done with an inverted Y graft or straight grafts without
the aid of cardiopulmonary bypass (CPB). As these are

inherently weakened aorta, it is advisable to apply the
side-biting clamp on the ascending aorta at a blood
pressure less than 100 mmHg. We momentarily clamp
the inferior vena cava to temporarily reduce the blood
pressure.

Zone 1 — Proximal Aortic arch: In these patients, the pa-
thology was confined to the distal aortic arch, but with 2 cm or
more of proximal landing zone distal to innominate artery. An
extra-anatomical carotid—carotid and left carotid—left subcla-
vian artery bypass was performed in the neck, following
which a stent graft was deployed covering the LCCA and
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Fig. 2 Group II cohort. a Aortic
arch aneurysm involving the mid
and distal aortic arch. b
Ascending aorta was replaced and
a Y-graft used to debranch the in-
nominate and the left common
carotid artery. Endograft was
landed in Dacron zone 0. ¢ Type
B aortic dissection in a young
male. d Debranching of the in-
nominate and the left common
carotid artery was done with two
separate vascular grafts after re-
placing the ascending aorta.
Endograft was landed in Dacron
zone 0

beyond. The LCCA is ligated in the neck proximal to the
anastomosis creating a functional end-to-end anastomosis.

Group Il

Thirty-two patients received this mode of treatment
(Fig. 2). These patients had a native ascending aorta
which was unsuitable for landing the stent graft.
Ascending aorta was replaced with a Dacron graft and

debranching of the supra-aortic arch branches was per-
formed—thus creating a “Dacron zone 0” for landing
the graft. Based on the aortic root anatomy, a root replace-
ment - aortic valve replacement or repair were performed.
At our centre, we replace the ascending aorta when the
size i1s more than 4 cm. This is because we noted these
patients have an inherited weakened aorta, thus increasing
the chance of retrograde aortic dissection or presenting
with ascending aortic aneurysm during follow-up.
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Fig. 3 Group III cohort. a Patient underwent Bentall’s procedure for type
A aortic dissection elsewhere, presented to our hospital with residual type
B aortic dissection. b Aortic arch replacement with antegrade
endovascular stenting to the descending thoracic aorta was performed. ¢

Group Il

Of'the 56 patients, 8 received this type of repair. In these patients,
under fluoroscopic guidance, a stiff guide wire was advanced
from the groin and stationed in the ascending aorta. Care was
taken that the wire was in the true lumen in its entire course.
Cardiopulmonary bypass was established through the axillary
or innominate artery. Cardiac arrest was obtained with

In a 45-year Marfan’s patients, Bentall procedure using cabrol technique
to LMCA was performed by us. Ten years late, he presented to us with
type B aortic dissection. d Aortic arch replacement with antegrade
endovascular stenting to the descending thoracic aorta was performed

cardioplegia. Under moderate hypothermia (24 °C), aortic arch
was opened and bi-carotid selective antegrade cerebral perfusion
was initiated. The distal aorta was prepared, approximating the
true and false lumen. Antegrade TEVAR was performed to the
proximal descending thoracic aorta over the guide wire. The stent
graft was then sutured onto the proximal descending thoracic
aorta. A four branch aortic arch graft was then sutured to the
stent graft. Through the side arm of the arch graft, lower body

Table 1 Patient demographics

All hybrid Group I Group 11 Group III

Number of patients 56 16 32 8
Age (years) 59.9+94 62.4+12.2 59.6+8.2 56.5+6.6
Male patients 44 (78.57%) 9 27 8
Comorbidities

Marfans syndrome 16 (28.57%) 3 9 4

Hypertension 16 (28.57%) 6 6 4

Chronic obstructive pulmonary disease 11 (19.64%) 3 5 3

Chronic renal dysfunction 5 (8.93%) 1 2 2

Coronary artery disease 5 (8.93%) 2 2 1

Diabetes mellitus 21 (37.5%) 5 12 4

Previous cerebral vascular accident 2 (3.57%) 1 1 0
Aortic pathology

Aortic aneurysm 24 (42.86%) 9 15

Aortic dissection (acute/chronic) 31 (55.36%) 6 17

Trauma

1(1.79%) 1 0 0
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Table 2 Surgical details
All hybrid Group | Group 11 Group 111

Number of patients 56 16 32 8
Previous surgery 6 (10.71%) 1 3 2

Atrial septal defect closure 1 0 1 0

Aortic valve replacement 2 1 1 0

Ascending aorta replacement 1 0 0 1

Coronary artery bypass grafting 2 0 1 1
Associated procedures 4 (7.14%) 1 3 0
Mitral valve repair 2 1 1
Aortic valve replacement 1 1
Coronary artery bypass grafting 1 1
Intraoperative details
Deep hypothermic circulatory arrest Nil Nil Yes
Mean cardiopulmonary bypass time (minutes) Nil 181.8 +20.9 199.6 +20.1
Mean aortic cross clamp time (minutes) Nil 142.6 £ 16.9 155.5+20.9
Mean selective antegrade cerebral perfusion time (minutes) Nil Nil 43+5.7

perfusion was initiated. Supra-aortic arch branches were then
anastomosed back to the arch graft (Fig. 3).

Indication for left subclavian artery
preservation

The indications to preserve the LSA include dominant
left vertebral artery, occluded or absent right vertebral
artery, patent left internal mammary artery, anatomical
anomaly of left vertebral artery arising directly from
the aortic arch, patients on hemodialysis who require
access to fistula or functioning arterio-venous fistula,
patent left axillo-femoral bypass graft, and /or evidence
of left arm ischemia after stent graft coverage [3, 4].
The LSA is persevered in group I patients by an
extra-anatomical LCCA to LSA bypass and by direct
reimplantation in group II and group III patients.

Statistical analysis and follow-up methods

All statistical comparisons were done using SPSS 19 (SPSS Inc.,
Chicago, II). Cumulative survival was calculated using Kaplan—
Meier analysis. All patients were followed postoperatively, with
regular contrast CT Aortogram imaging (discharge, 6 months,
and yearly). Follow-up was 100% in all groups. Institutional
review board approval was obtained. Log rank test was used to
compare the survival curves and a p value of < 0.05 was consid-
ered to be statistically significant. For survival analysis, the ‘sur-
vival’ package of R version 3.4.0 was used [5].

Results
From January 2007 to December 2016, 56 patients have received

HAAR at our centre. The demographic pattern is shown in Table
1. Mean age was 59.9+9.4 years and 78.57% (n=44) being

Table 3 Postoperative details

All hybrid Group 1 Group II Group 111
Number of patients 56 16 32 8
Stroke 3 (5.36%) 2 1 0
Renal failure 0 0 0 0
Retrograde aortic dissection 2 (3.57%) 2 0 0
Endoleak 2 (3.57%) 2 0 0
In-hospital mortality (<30 days) 3 (5.36%) 2 1 0
Late mortality 3 (5.36%) 2 0 1
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Fig.4 a The event-free survival for group I patients at 100, 200, 300, 400,
and 500 weeks was 71, 64, 57, 57, and 57% respectively. The event-free
survival for group II patient at 100, 200, 300, 400, and 500 weeks was 93,
93, 93, 93, and 93% respectively. The Kaplan—Meier curve shows a
greater event-free survival in group II and is statistically significant. b
The overall survival (taking death alone as a variable) for group I patients
at 100, 200, 300, 400, and 500 weeks was 87, 87, 76, 76, and 76%
respectively. The overall survival for group II patient at 100, 200, 300,
400, and 500 weeks are 97, 97, 97, 97, and 97% respectively

males. Aortic dissection (acute and chronic) was the presenting
complaint in 55.36% (n=31), aneurysmal disease of the aorta
was present in 42.86% (n=24) of patients, and 1 patient
underwent treatment for pseudo aneurysm following trauma.
3.57% (n=2) had previous history of stroke, 8.93% (n=>5) had
coronary artery disease, and 8.93% (n = 5) had renal dysfunction.
More than one fourth of the patients (28.57%, n =16) were di-
agnosed to have Marfan’s syndrome. One tenth of the patients
(n=6) who had previous cardiac procedures required a re-
sternotomy — 2 aortic valve replacement, 1 — ascending aorta

replacement, 2- Coronary artery bypass grafting, 1 — atrial septal
defect closure.

All 16 patients in group I were done without the aid of car-
diopulmonary bypass, using a side-biting clamp on the ascending
aorta for supra-aortic arch vessel debranching. The mean timing
during cardiopulmonary bypass, cross clamp, and antegrade per-
fusion for each group is shown in Table 2. Retrograde TEVAR
was performed in all group I patients (femoral approach) and
antegrade deployment of TEVAR was done in all group III pa-
tients. In group II patients, antegrade approach was used in pa-
tients who had Bentall’s procedure (5 patients); in others, the
endograft was deployed via the femoral approach (Fig. 2).

The 30-day/in-hospital mortality was 3/56 (5.25%) for the
entire cohort (Table 3). Mortality was 12.5% (2/16) for the group
L, and 3.12% (1/32) for the group II and zero for group III pa-
tients. Causes of both deaths in group I was due to retrograde
aortic dissection. Late type II endoleaks occurred in two patients,
both in group 1. Both these patients required reintervention with
endovascular procedure to treat the same. There were no
endoleaks in group I and group III patients. Stroke was present-
ed in three patients—two in group I and one in group II. The
patients in group II had previous history of cerebrovascular acci-
dent. There was no stroke, spinal cord ischemia, renal failure,
endoleak, or 30-day mortality in group III patients.

The event-free survival for group I patients at 100, 200, 300,
400, and 500 weeks was 71, 64, 57, 57, and 57% respectively.
Hence, at 300 weeks after the procedure, 43% of the patients in
group I had some event including the death. On the contrary, the
event-free survival for group Il patient at 100, 200, 300, 400, and
500 weeks was 93, 93, 93, 93, and 93% respectively. Hence, in
these patients if the initial procedure goes well, they have an
event-free survival for 500 weeks (Fig. 4a).

The overall survival (taking death alone as a variable) for
group I patients at 100, 200, 300, 400, and 500 weeks was 87,
87, 76, 76, and 76% respectively. Hence, at 300 weeks after the
procedure, one quarter of the patient in the cohort was dead. The
overall survival for group II patient at 100, 200, 300, 400, and
500 weeks are 97, 97, 97, 97, and 97% respectively (Fig. 4b).

Discussion

In 1990s after the introduction of antegrade cerebral perfusion
in arch procedure, there has been a significant improvement in
the outcome with conventional operative management. In the
present day, HAAR is being performed with increasing fre-
quency for the treatment of aortic arch pathology. The
Achilles heel of all the aortic arch interventions remains neu-
rologic complications. HAAR has offered a less-invasive ap-
proach and an early favourable result [6-9]. The complica-
tions associated with HAAR have not been fully understood,
but there is a continuous evolvement in the technology of
endografts and the technique in deployment.
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Fig. 5 The trend comparing
group I and group Il HAAR
which was performed over the 8
years

Number of cases

2007 2008 2009

Several groups have shown that HAAR can be performed
with acceptable morbidity and mortality. In a systemic review
of 1886 patients by Cao et al. [10], the pooled mortality was
10.8% and stroke risk was 7%. The perioperative mortality
was higher in disease extending to the ascending aorta
(15.1%), whereas there was no significant difference in the
neurological outcome. The pooled mortality in frozen ele-
phant trunk ranged from 9.8 to 13.2%. The author has also
shown that there is an outcome difference between the proce-
dure performed before and after 2007, favouring the latter.
The neurological outcomes were positively affected by the
high volume index of the centre and the experience of the
operator.

No randomised controlled studies do exist to compare
HAAR and OSR. But the potential advantages of a hybrid
repair technique are as follows: (1) absence of deep hypother-
mia, circulatory arrest (group I/I), and hence avoiding asso-
ciated coagulopathy/haemorrhage /cerebral ischemia; (2) arch
reconstruction is made into an easier—a more “proximal”—
operation; (3) in case of aortic dissection complete exclusion
of primary tear with improved recognition and treatment of
acute malperfusion; (4) elimination of residual tears in the arch
and proximal DTA which are a risk factor for aortic compli-
cations in the future; (5) provides a suitable proximal LZ, if
future distal endovascular treatment is required; and (6) can be
performed in elderly high-risk patients in whom major aortic
procedure can prove deleterious [11].

The Ishimaru’s classification scheme defines five
TEVAR landing zones. Each zone is bound by an imag-
inary line aligned with distal line of each of the supra-
aortic arch vessel [12].

== Group | ==Group Il

O ¥
2010 2011 2012 2013 2014 2015 2016

Year

Zone 0: Involves the origin of the innominate artery
Zone 1: Involves the origin of the LCCA

Zone 2: Involves the origin of the LSA

Zone 3: The proximal descending thoracic aorta down to
the T4 vertebral body

Zone 4: The reminder of the thoracic aorta

Frozen elephant trunk grafts (Jotec E-Vita, Vascutek
Thoraflex, and certain custom made grafts) are not available
in southern Asia. Hybrid operating theatre is still not a verisi-
militude in a country like India, probably due to cost of estab-
lishing the same. In such situations, a mobile fluoroscopy unit,
thoracic endograft, and four branch vascular aortic arch grafts
can be used as a proxy to perform the same surgery with
comparable results. Such surrogates make these surgeries fea-
sible in the developing countries in addition to having a cost
benefit.

However, as is the case with of every new technique,
problems do arise. Two pathologies which arose espe-
cially following EVAR are retrograde type A aortic dis-
section (rAAD) and endoleaks. The incidence of rAAD
is 1.33%, but bears a high mortality rate of 42% [13].
The probable mechanism can be as a result of the com-
pliance mismatch between the highly elastic ascending
aorta and the still rigid stent graft, altered hemodynamic
and tangential clamp injury on an inherently weakened
aorta [13]. This disaster can be avoided by creating a
“Dacron zone 0” for landing the graft and a prophylac-
tic replacement of the ascending aorta when it is 40 mm
or more in diameter. All endeavours should be aimed to
minimise manipulation of guide wire and stent graft
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systems. Eggebrecht et al. has also shown that rAAD
can also be diagnosed soon after the procedure and
even up to 1050 days after the procedure and more than
one fourth of these patients are asymptomatic [13].
Hence, this calls to attention the life-long surveillance
of these HAAR patients.

Endoleaks are characterised by the persistent blood flow
within the aneurysmal sac following the endograft.
Depending up on the cause they have been classified into five

types.

Type I: Leak at the graft attachment site (proximal or
distal)

Type II: Aneurysmal sac filling via a branch vessel
Type III: Leak through defect in the graft

Type IV: Leak through graft fabrics as a result of graft

porosity
Type V: Endotension

Literature report on incidence of endoleaks in HAAR
ranges from 0 to 15% in various studies. Similar to
TEVAR, even in HAAR, type I and IIl endoleaks are
associated with greater morbidity than type II endoleaks.
Incidence of endoleak is higher in patients who had the
endograft landed in zone 1 compared to zone 0; also,
the reintervention rates are higher in patients who had
the stent stationed in zone 1 [14]. Recently Cao et al. in
meta-analysis have pointed out those two elements
which determine the results for HAAR: the level of
emergency surgery and the landing zone for the pros-
thesis. It is also shown that there is a twofold increased
mortality for implantation in zone 0 versus zone 1 (15.1
vs. 7.6%) [10].

In our study, the immediate postoperative outcomes
showed statistical significance between group I and group
II patients, favouring group II. Hence, we prefer to replace
the ascending aorta and create a “Dacron zone 0” for the
stent graft. This possibly prevents the chances of rAAD.
There is a shorter landing zone when the graft is stationed
in zone 1. Further, this shorter LZ along with steeper angu-
lation of the aortic arch may lead to poorer anchoring of the
stent graft in zone 1. This may be further exacerbated dur-
ing the positive remodelling of the aorta. These can explain
the higher rates of endoleak in group I patients. Based on
our experience, we now preform more of type II repair than
type 1 repair (Fig. 5).

Our experience corroborates to the learning curve in-
volved with the HAAR, and with experience, even the more
complex arch hybrid procedures can be performed with low
mortality and morbidity, and good midterm outcomes.
Meticulous preoperative planning and coordination with
team work is the sum and substance of a successful hybrid
aortic arch repair.
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