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Abstract

Purpose Hybrid aortic arch repair in patients with chronic residual aortic dissection (RAD) is a less invasive alternative to
conventional surgical treatment. The aim of this study was to describe the short-term and long-term results of hybrid treatment
for RAD after type A repair.

Methods In this retrospective single-center cohort study, all patients treated for chronic RAD with hybrid aortic arch repair were
included. Indications for treatment were rapid aortic growth, aortic diameter > 55 mm, or aortic rupture.

Results Between 2009 and 2020, we performed 29 hybrid treatments for chronic RAD. Twenty-four patients were treated for
complete supra-aortic debranching in zones 0 and 5 with left subclavian artery debranching alone in zone 2. There was 1
perioperative death (3.4%): The patient was treated for an aortic rupture. There was no spinal cord ischemia and 1 minor stroke
(3.4%). After a median follow-up of 25.4 months (range 3-97 months), the long-term mortality was 10.3% (3/29) with no late
aortic-related deaths. Twenty-seven patients (93.1%) developed FL thrombosis of the descending thoracic aorta; the rate of
aneurysmal progression on thoraco-abdominal aorta was 41.4% (12/29), and the rate of aortic reintervention was 34.5% (10/29).
Conclusion In a high-volume aortic center, hybrid repair of RAD is associated with good anatomical results and a low risk of
perioperative morbidity and mortality, including that of patients treated in zone 0. A redo replacement of the ascending aortic
segment is sometimes necessary to provide a safer proximal landing zone and reduce the risk of type 1 endoleak after TEVAR.
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SCI Spinal cord ischemia
CI Confidence interval
FET Frozen elephant trunk
Introduction

The rate of reintervention after type A aortic dissection repair
is estimated to be between 10 and 25% and is directly related
to residual aortic dissection (RAD) in the arch and distal aorta
[1-5]. These reinterventions are influenced by the technique
used for the initial type A dissection repair. The avoidance of
arch treatment during the initial procedure is of great concern,
as the aortic arch is the most challenging area to treat, whether
at the first procedure or at a later date.

Conventional open total aortic arch replacement provides
durable results, but is a technically demanding redo surgery
that requires prolonged cardiopulmonary bypass and circula-
tory arrest, leading to significant morbidity and mortality rates
between 5 and 20% [6, 7]. Full endovascular techniques with
branched or fenestrated endoprostheses are still in develop-
ment and associated with a neurological risk ranging from 5
to 20%, depending on the type of pathology [8]. Hybrid repair
(HR), which is associated with thoracic endovascular aortic
repair (TEVAR) and open supra-aortic (SA) debranching to
provide an adequate proximal landing zone, has been intro-
duced to address these lesions [9]. The outcomes of such hy-
brid aortic arch repair compared to open surgical repair are not
well documented in the literature [10]. The application of HR
in mostly high-risk patients increases adverse outcomes and
makes the assessment of those results difficult. Outcomes of
this approach seem to be directly correlated with the number
of arterial debranching procedures performed as well as the
proximal landing zone and the type of pathology treated.

The aim of this study was to analyze the short-term and
long-term results of hybrid aortic arch repair for residual distal
dissection after type A aortic repair.

Patients and Methods
Study Population

All patients included in this study were clearly informed about
the use of their data for clinical research. Additionally, they
were aware that their data would be used anonymously for
research purposes. The institutional review board approved
the project (approval number 2019-48) and waived the re-
quirement of informed consent for the use of the patients’
medical data for this study.
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In this single-center retrospective cohort study, we includ-
ed all patients who received hybrid treatment with a proximal
landing zone of the stent graft in the aortic arch for chronic
RAD. Our center is an aortic center specialized in the treat-
ment of acute aortic syndromes. HR for aortic arch lesions is
our first-line option; it is preferred over frozen elephant trunk
and branched or fenestrated endoprostheses.

All cases were discussed in a multidisciplinary meeting that
included vascular surgeons and cardiac surgeons, as well as an
interventional radiologist, a cardiologist, and an anesthesiolo-
gist, and individualized treatment strategies were developed.

Indications for treatment were aortic rupture, rapid aortic
growth (> 10 mm/year), or a diameter greater than 55 mm.

Patients were included as soon as treatment of the lesion
required transposition of at least one SA trunk prior to
TEVAR, regardless of whether it was the innominate artery
(TA), left common carotid artery (LCCA), or left subclavian
artery (LSA). Endovascular treatment during type A repair
was an exclusion criterion.

Demographic, anatomic, and intraoperative details were
collected. Operative complication rates as well as anatomic
response and reinterventions were noted during follow-up.

Initial Surgery for Acute Type A Aortic Dissection

When the entry tear was located in the ascending aorta, we
performed the replacement of the ascending aorta or the
hemiarch aorta. Hemiarch replacement with open distal anas-
tomosis during moderate hypothermic circulatory arrest (CA)
with cardiopulmonary bypass (CPB) and selective antegrade
cerebral perfusion (ACP) was preferred when possible (to in-
clude repair of the lesser curvature of the arch). Partial arch
replacement, which was defined as a replacement between the
IA and LSA, was performed in cases of primary entry tear
between the IA and LSA. In these cases, the IA was
debranched in the proximal part of ascending aortic repair.
Total arch replacement was performed when the primary entry
tear was located in the distal part of the aortic arch and could
not be repaired, and when the distal anastomosis could be
performed after the LSA with a frozen elephant trunk.
Nevertheless, total arch replacement was seldom used in the
initial acute type A repair to better enhance early survival, and
partial arch replacement with IA debranching was preferred in
most of cases.

Aortic root replacement with a composite prosthesis was
performed according to the modified Bentall procedure in
patients with dilation of the aortic root or an aortic root dam-
aged by the entry tear.

After systemic heparinization, CPB was established by di-
rect cannulations of the right axillary artery. Retrograde cold
blood cardioplegia was infused every 15 min. CA was insti-
tuted when the vesical temperature was 25 °C. We preferred
moderate hypothermia with ACP for cerebral protection
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during CA. In all cases, bilateral invasive blood pressure mon-
itoring was performed via radial arteries. Additionally, intra-
operative cerebral monitoring was provided by near-infrared
spectroscopy (NIRS) and transcranial Doppler
ultrasonography.

Hybrid Repair Procedure for Aneurysmal
Degeneration of RAD

Procedures were performed in two separate interventions: the
debranching procedure followed by TEVAR around 1 month later.

Supra-Aortic Debranching

We used the Ishimaru classification to categorize the proximal
landing zone of the stent graft.

* Zone 0 (Z0) debranching was performed by a prosthetic
bypass between the ascending aortic replacement, IA,
LCCA, and LSA through a median sternotomy.

The choice of a redo replacement of the ascending aor-
tic segment was made in case of graft angulation (Fig. 1a)
or a short previous ascending aortic replacement (Fig. 1b)
that did not provide a good proximal landing zone.

In these cases, we performed a partial aortic arch re-
placement with CPB and CA with ACP to ensure a prox-
imal landing zone > 20 mm without angulation (Fig. 1c-d)
to prevent a type I endoleak.

The technique used to redo partial aortic arch replace-
ment was the same as previously described for the type A
repair. The choice of the cannulation technique was made
preoperatively based on computed tomography (CT) scan,
but right axillary artery cannulation was our preferred
choice when possible. CA was performed under moderate
hypothermia with ACP.

In cases of previous IA debranching (during type A
repair), we performed an intra-thoracic debranching with-
out CPB with direct or indirect reimplantation of the
LCCA in young patients without comorbidities (Fig. 2a)
or an extra-thoracic debranching with a carotid to carotid
prosthetic bypass (8 mm prosthesis) in elderly patients
with comorbidities (Fig. 2b).

e Zone 2 debranching was performed by direct or indirect
LSA reimplantation through a left supraclavicular incision
in cases of previous total arch replacement or when the
RAD did not involve the aortic arch (Fig. 3a-b).

TEVAR

Procedures were performed in a hybrid suite (Discovery IGS
730, GE Healthcare, Chicago, USA) by both a vascular

surgeon and a radiologist. Transesophageal ultrasound was
used systematically to ensure the correct positioning of the
guide in the true lumen. Two different stent grafts were used:
C-TAG (WL Gore & Associates Inc. Flagstaff, AZ.) and
Zenith TX2 with proximal bare stent (Cook Medical,
Bloomington, IN). The decision to extend the proximal land-
ing zone was based on the location of the main residual entry
tear (whether at the distal anastomosis of the ascending aortic
repair, aortic arch, or the descending thoracic aorta). The distal
extension of the stent graft was based on the distal extension
of the dissected aortic aneurysm.

Since 2017, in addition to TEVAR, we have added a bare
stent deployment in the thoraco-abdominal aorta (the Zenith
dissection endovascular stent (ZDES), Cook Medical,
Bloomington, IN) to induce remodeling of the distal dissected
aorta (stent-assisted balloon-induced intimal disruption and
relamination in aortic dissection repair—STABILISE tech-
nique) [11, 12]. This technique was chosen when anatomical
criteria were favorable (maximum aortic diameter less than 42
mm).

The diameter of the stent graft was sized based on the
proximal and distal sealing zone with a maximum 20% of
oversizing compared with the native aorta or ascending aortic
graft.

Cerebrospinal fluid drainage (CSFD) was performed when
there was extensive coverage of the thoracic aorta (> 250
mm). Spinal drains were placed preoperatively by anesthesi-
ologists, a small (14-gauge) epidural catheter was placed
using anatomic landmarks, with needle placement at L3-L4,
and the catheter was advanced 10 cm after entering the dura.
Antiplatelets were stopped 5 days earlier. Spinal fluid was
drained to obtain a spinal fluid pressure < 10 mmHg before
device deployment.

Radiological Analysis

All patients were followed up with a postoperative CT scan
before discharge and then at 3 and 6 months and then annu-
ally. The preoperative CT scan (after type A repair, before HR
for aneurysmal degeneration) and the last CT scan during
follow-up were analyzed using three-dimensional imaging
software (OSIRIX software, Pixmeo SARL, Geneva,
Switzerland). Diameter measurements were performed on
the perpendicular axis according to the centerline using a
semiautomated centerline algorithm.

Technical success was defined as the exclusion of the le-
sion, without a type I or III endoleak on perioperative digital
subtraction angiography and without perioperative death or
surgical conversion.

An unfavorable anatomical outcome was defined as an
increase in maximum aortic diameter more than 5 mm, a par-
tial false lumen (FL) thrombosis in the thoracic aorta, a
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Fig. 1 Hybrid repair of residual
aortic dissection with redo
replacement of the ascending
aortic segment in cases of zone 0
debranching. a Preoperative CT
scan showing graft angulation
that did not provide a good
proximal landing zone. b
Postoperative CT scan showing
the proximal landing zone after
redo replacement of the ascending
segment and after TEVAR. ¢
Preoperative CT scan showing
short ascending replacement that
did not provide a good proximal
landing zone. d Postoperative CT
scan showing elongation of
ascending graft after redo
replacement of the ascending
segment and after TEVAR. The
white arrow shows graft
angulation. The red arrow shows
the distal anastomosis of the
ascending aortic graft

Graft angulation

Short proximal landing zone

Preoperative

Postoperative

persistent patent FL, or a type I or III endoleak on the postop-
erative CT scan.

Statistical Analysis

Data are presented as the mean + standard deviation for con-
tinuous variables and as counts (%) for categorical data. The
relationship between categorical variables was studied using
the chi-square test or Fisher’s exact test, when appropriate.
The Mann-Whitney U test was used for continuous variables.
Normal distribution of the variables was assessed with the
Shapiro-Wilk test. All statistical analyses were done using
IBM SPSS Statistics 20.0 (IBM Inc., New York, USA).

Fig. 2 Hybrid repair of residual
aortic dissection in cases of
previous IA debranching during
previous type A repair. a Control
CT scan showing intra-thoracic
debranching. b Control CT scan
showing extra-thoracic
debranching with carotid-to-
carotid bypass. The white arrow
shows the left common carotid
artery reimplantation
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The probability of survival without distal reinterventions
was determined according to the time to last follow-up, in-
cluding the 95% confidence intervals (CI), and obtained using
Kaplan-Meier estimates. All statistical tests were two-sided,
and P values <0.05 were considered to indicate statistical
significance.

Results

Demographic Data

Between November 2009 and January 2020, 529 patients
were treated for a type A aortic dissection in our aortic center.
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Fig. 3 Hybrid repair of residual
aortic dissection that did not
involve the aortic arch: left
subclavian artery (LSA)
debranching alone with
endoprosthesis implantation in
zone 2. a Preoperative CT scan
showing that RAD did not in-
volve the aortic arch. b Control
CT scan showing LSA
debranching and TEVAR in zone
2

We performed 29 HR for chronic RAD for aneurysmal de-
generation of the descending thoracic aorta. Two patients
were treated emergently: 1 for aortic rupture and 1 for severe
thoracic pain with an aneurysm of 60 mm. The patient’s mean
age was 59.4 years (range 38 to 78). There were 22 men
(75.9%), and the characteristics of the patients and the first
surgical procedures are shown in Table 1.

Debranching Procedure (Table 2)

The mean delay between the first intervention (type A aortic
dissection repair) and HR was 43.8 months (range 3-193).
Twenty-four patients were treated with a complete SA
debranching in zone 0.
Five patients had LSA debranching alone and endoprosthesis
implantation in zone 2.

Zone 0 Debranching with CPB and CA

Most of the patients had a previous short ascending aortic
replacement or a hemiarch replacement with a residual angu-
lation (Fig. 1a-b), which may compromise a good proximal
landing zone. CPB with CA and selective ACP was necessary
in 13 patients to ensure a good proximal landing zone for the
TEVAR (Fig. 1c-d). Central cannulation with cerebral protec-
tion was performed with ACP: The right axillary artery was
perfused in 9 patients (69.2%), IA in 2 (15.3%), LCCA in 1
(7.7%), and right axillary artery with the LCCA in 1 (7.7%).
The durations of CPB, aortic cross clamp time, and CA are
reported in Table 2.

Zone 0 Debranching Without CPB and CA

Three patients had a partial lateral aortic cross clamp.

In 8 cases of previous IA debranching, we performed intra-
thoracic debranching without CPB in 4 patients and extra-
thoracic debranching with an intercarotid prosthetic bypass
and LSA reimplantation in 4 (Fig. 2a-b).

Zone 2 Debranching

Among 5 cases of zone 2 debranching, 2 had a total aortic arch
replacement during the initial repair. Additionally, in 3 pa-
tients, the RAD did not involve the aortic arch. In these 3
cases, patients benefited from a hemiarch replacement during
initial type A repair. Moreover, on the postoperative CT scan,
there was a RAD beginning after the LSA without RAD on
the aortic arch (Fig. 3a-b).

TEVAR

In 25 patients, a staged procedure was chosen, whereas a
concomitant TEVAR was performed in 4 patients (1 rupture,
3 elective). The mean delay between the 2 procedures was
52.1 days (0-214 days). The mean proximal landing zone
diameter was 32.6 mm (28-40), the mean proximal stent graft
diameter was 37.7 mm (32-45 mm), the mean aortic coverage
was 239.5 mm (115-340), and the mean oversizing was 15.6%
(10-25). Since 2017, we have treated 7 patients with the
STABILISE technique when the maximum aortic diameter
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Table 1 Baseline characteristics Table2 Distribution of patients according to the proximal landing zone
d tive dat;

Demographic data n=29 and peroperative data

Population n=29
Male sex, n (%) 22 (75.9)
Age, mean (SD) 59.4 (9.6) Zone 0 debranching with CPB and circulatory arrest, n (%) 13 (44.8)
Hypertension, 7 (%) 24 (82.8) Eurosc.ore 2, mean (SD) 10.7 (5.5)

o . CPB time (min), mean (SD) 175 (59)
Dyslipidemia, 7 (%) 5(17.2) Aortic cross clamp time (min), mean (SD) 100 (50)
Smokers, n (%) 14 (48.3) Circulatory arrest time (min), mean (SD) 40 (17)
Obesity, (%) 2(6.9) Partijcll aortic arch replacement, n (%) 13 (55.544.8)

. o Aortic root management
Atrial fibrillation, 7 (%) 3(10.3) Bentall, n (%) 2(7.46.9)
Coronary artery disease, n (%) 4 (13.8) Supra coronary aortic replacement, 1 (%) 11(48.137.9)
Renal failure, n (% 4(13.8
enal failure, 7 (%) ( ) Zone 0 debranching without CPB and circulatory arrest, n (%) 11 (37.9)
Marfan syndrome, 7 (%) 4(13.8) Partial lateral aortic cross clamp, n (%) 3(27.2 10.3)
Indications, n (%) Previous IA debranching *
. Intra-thoracic debranching, n (%) 4(36.4 13.8)
A 1 evol 1 2 .
neurysmal evolution (> 10 mm) 8(966) Extra-thoracic debranching, n (%) 4 (364 13.8)
Rupture 1(3.4)
Aortic maximal diameter, mean (SD) 62.5 (10.8) Zone 2 debranching, n (%) 5(17.2)
Past history of type A aortic repair . . . .
. Extra-thoracic debranching: LCCA and LSA debranching from right
Aortic arch replacement, 7 (%) common carotid artery through bilateral cervicotomy
Total aortic arch replacement 2(69) CPB cardiopulmonary bypass; /A innominate artery; SD standard
Partial aortic arch replacement 7 (24.1) deviation
Ascending aortic or hemiarch replacement 20 (69.0) *Intra-thoracic debranching: left common carotid artery (LCCA) and left
Aortic root management, n (%) subclavian artery (LSA) debranching from IA through median
Bentall intervention 4(13.8) sternotomy
Supra coronary aortic replacement 25 (86.2)

Partial arch replacement: replacement between the innominate artery and
left subclavian artery. Hemiarch replacement: ascending replacement
with open distal anastomosis during moderate hypothermic circulatory
arrest with cardiopulmonary bypass, including the lesser curvature of the
arch (rather than being limited to the ascending aorta)

SD standard deviation

on the thoraco-abdominal aorta was less than 42 mm. We
performed a CFD in 8 cases.

In-Hospital Morbidity and Mortality

Perioperative morbi-mortality is described in Table 3 accord-
ing to zone 0 or zone 2 debranching.

Technical success was achieved in 96.5% (28/29) of cases:
There was one perioperative death (3.4%) in a patient treated
for rupture of a chronic RAD. Among patients treated with
complete SA debranching, the mortality rate was 4.2% (1/24).

There was no spinal cord ischemia (SCI), 1 minor stroke
after TEVAR (3.4%) with complete recovery, 1 myocardial
infarct (3.4%), and 6 pulmonary complications (20.7%). Two
patients had bleeding complications secondary to spinal
drains. One patient had a medullar hematoma with cauda
equina syndrome (loss of bowel and bladder function without
leg paralysis). Another one had a subdural hematoma with
complete recovery after neurosurgical evacuation. These pa-
tients were on anticoagulation due to a previous mechanic
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Bentall intervention. The rate of minor complications was
27.6% (8/29): 4 patients with recurrent laryngeal nerve paral-
ysis (2 patients with complete and 2 patients with partial re-
covery), 3 patients with bleeding complications, and 1 patient
with delayed healing.

Late Outcomes

After a median follow-up of 25.4 months (range 3-97
months), the rate of long-term mortality was 10.3% (3/29)
with no late aortic-related death; 1 patient died at 9 months
due to massive hemorrhagic stroke, and 1 patient died at 97
months due to pneumonia. Complete FL thrombosis of the
descending thoracic aorta developed in 27 patients (93.1%);
the rate of aortic reintervention was 34.5% (10/29): One pa-
tient (3.4%) developed a type II endoleak from the LSA at 2
months treated successfully by embolization, 8 patients
(27.6%) had a reintervention on the thoraco-abdominal aorta,
and 1 patient (3.4%) had a proximal reintervention (Bentall
intervention) (Table 4). The rate of distal aneurysmal progres-
sion was 41.4% (12/29). There were 4 patients (13.7%) with
Marfan syndrome, all of whom presented with a distal aortic
expansion. In 7 patients treated with STABILISE technique, 6
had a complete aortic remodeling with a thrombosed of the FLL
on the thoracic aorta and complete reapposition of the FL with
relamination of the intimal flap on thoraco-abdominal aorta.
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Table 3

Perioperative morbi-mortality according to zone 0 or zone 2 debranching

Zone 0 debranching

Zone 2 debranching

With CPB and CA (n = 13)

Without CPB and CA (n=11) Partial debranching (n = 5)

Technical success, n (%) 12 (92.3)
Mortality, n (%) 1(7.7)
Spinal cord ischemia, n (%) 0(0)
Stroke, n (%) 0 (0)
Myocardial infarct, n (%) 1(7.7)
Pneumonia, n (%) 6 (46.1)

11 (100) 5(100)
0(0) 0(0)
0(0) 0(0)
19) 0(0)
0(0) 0(0)
0(0) 0(0)

CPB cardiopulmonary bypass; CA circulatory arrest

The Kaplan Meier estimated freedom for aortic
reintervention or death at 2 years and 5 years was 73% and
66.5%, respectively (Fig. 4).

Risk Factors for Distal Aortic Aneurysmal
Degeneration and Reinterventions

Risk factors for distal aneurysmal degeneration were delay
between acute type A repair and HR (73.1 vs. 28.9 months,
P =0.068), the initial maximal aortic diameter (71.7 vs. 59.1
mm, P < 0.01), and the presence of a distal new entry tear
(45.4% (5/11) vs. 11.1% (2/18), P = 0.07). Risk factors for
distal aortic reintervention were delay between acute type A
repair and HR (82.8 vs. 31.4 months, P = 0.014), the initial
maximal aortic diameter (75.1 vs. 59.8, P < 0.01), and the
presence of a distal new entry tear (57.1% (4/7) vs. 13.6 %
(3/22), P = 0.038) (Table 5).

There was 14.2% (1/7) distal aneurysmal degeneration on
thoraco-abdominal aorta in the STABILISE group compared

Table 4 Long-term reoperations

to 45.5% (10/22) in the TEVAR alone group (P = 0.20) and
none distal reintervention (P = 0.14). Proximal landing zone
management did not influence late outcomes and risk of distal
aneurysmal degeneration and reinterventions.

Comment

We report here an observational study with interesting results
because it is the largest study on HR in chronic RAD. There
are no guidelines regarding the treatment of distal aneurysmal
degeneration of chronic RAD. Open surgery with total arch
replacement, frozen elephant trunk (FET), hybrid treatment
with supra-aortic trunk debranching and TEVAR, or total
endovascular solution with fenestrated/branched
endoprosthesis are different options [13].

Open aortic arch surgery with prior ascending aortic re-
placement is challenging and is associated with a high rate
of mortality, ranging from 5 to 20% [14—17]. In a recent study,

Zone implantation Delay, days Reason Reintervention Perioperative morbi-mortality
endoprosthesis

0 84 Distal evolution RV debranching + TEVAR 0

0 124 Distal evolution RV debranching + TEVAR 0

0 113 Distal evolution RV debranching + TEVAR Pulmonary complications
0 2239 Distal evolution FEVAR 0

2 184 Distal evolution FEVAR Retroperitoneal hematoma
0 329 Distal evolution EVAR 0

0 67 Distal evolution Aorto-bifemoral bypass graft * 0

0 783 Proximal evolution Bentall Pulmonary complications
0 67 Type II endoleak LSA embolization 0

0 63 Distal evolution Aorto-biiliac bypass graft * 0

RV debranching: reno-visceral debranching from the common iliac artery

FEVAR fenestrated endovascular aortic repair; £VAR endovascular aortic repair; 7EVAR thoracic endovascular aortic repair; LSA left subclavian artery

*Aneurysmal degeneration limited to infrarenal abdominal aorta
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Fig. 4 Long-term outcomes:
Kaplan-Meier event-free survival
curve for distal aortic
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among 117 reoperations after acute type A aortic dissection
repair, Dell’Aquila et al. reported an in-hospital mortality of
19.6%. Furthermore, 31 patients underwent a distal reopera-
tion (61.2% of total arch reoperation and 22.5% of FET), with
an in-hospital mortality of 25.8% [14].

Total endovascular aortic arch repair with branched
endograft, avoiding open reoperation, may be a good option
with a potentially low stroke and death rate (4%), as shown in
a recent study published by Verscheure et al. [18]. Currently,
these devices and techniques are investigational, limited to a
few centers, with results to be duplicated on a larger scale.

Our study reports the results of hybrid arch repair specifi-
cally for chronic RAD and confirmed that hybrid treatment
could be a safe and effective technique with a low rate of in-
hospital mortality and morbidity relative to historical controls.
The rate of in-hospital mortality after hybrid aortic arch repair
varies from 3 to 30% in several studies [19-21], correlated
with the number of arterial debranching procedures per-
formed, proximal landing zone, and type of pathology treated.

Table 5

The present study is one of the larger studies that included only
patients with chronic RAD [22], with a mortality rate of 4.2%
(1/20) in patients with zone 0 debranching, far below the mortal-
ity rates of 20-40% found in other series [21, 23, 24].

The rate of neurologic complications can also be very sig-
nificant in these challenging cases [25]. In a case series pub-
lished in 2016 by Canaud et al., the authors reported 2 strokes
and 1 SCI among 7 hybrid arch repairs for chronic RAD [22].
In our cohort, there was only 1 stroke and no paraplegia. We
believe that systematic reimplantation of the LSA is protective
[10, 23], and CSFD performed when there is extensive cov-
erage of the thoracic aorta (> 250 mm) reduces the rate of
spinal cord complications. However, we did observe 2 com-
plications linked to CSFD in patients with therapeutic
anticoagulation; CSFD should probably be used with care in
these cases.

In 13 cases, we opted for a redo replacement of the ascend-
ing aorta, when the previous ascending replacement during
type A repair did not provide a good proximal landing zone

Risk factors for distal aneurysmal degeneration and reinterventions

Delay between type A repair and HR (months), mean (SD) 73.1(67.4)
Initial maximum aortic diameter (mm), mean (SD) 71.7 (11.8)
Distal new entry tear, 1 (%) 5(454)

Distal reinterventions n = 7

Aneurysmal degeneration n = 11 No aneurysmal degeneration n =18 P value
28.9 (32.4) 0.068
590 (8.8) <0.01
2 (11.1) 0.07
No distal reinterventions n = 22 P value
Delay between type A repair and HR (months), mean (SD) 82.8 (55.9) 31.4 (46.7) 0.014
Initial maximum aortic diameter (mm), mean (SD) 75.1 (12.6) 59.7 (8.4) <0.01
Distal new entry tear, 1 (%) 4(57.1) 3 (13.6) 0.038

HR hybrid repair; SD standard deviation
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(angulation or short replacement) and the residual dissection
involved the aortic arch. In our experience, this approach al-
lows for a safer proximal landing zone and significantly re-
duces the risk of type 1 endoleak after TEVAR. With a tech-
nical success rate of 96.4%, the absence of in-hospital mortal-
ity in elective patients and the absence of type I endoleak, this
study showed encouraging early results that could be ex-
plained by a complete and multidisciplinary preoperative eval-
uation, the use of ACP systematically in case of CA and the
vast experience of our aortic center. Moreover, HR provides a
less invasive option in this specific setting by limiting the
extent of surgical intervention on the aortic arch, reducing
the duration of the CA and perioperative mortality [25].

However, despite good anatomical results in stabilizing the
proximal part of the thoracic aorta, we observed aneurysmal
progression of the thoraco-abdominal aorta in about half of the
patients, requiring aortic reintervention in most cases. Faure et al.
proposed the STABILISE technique to avoid these negative evo-
lutions [11, 26]. In our series, there were no major complications
related to this technique, and the STABILISE technique seems to
be associated with good anatomical results. We identified a delay
between type A aortic dissection and HR as a risk factor of distal
aneurysmal degeneration and aortic reinterventions. Indeed, the
chronicity of the dissection has relevance with regard to aortic
remodeling after endovascular therapy, which is significantly
greater in patients with acute or subacute dissection.
Endovascular repair of acute or subacute dissection is associated
with rapid expansion of the true lumen and collapse of the FL. In
contrast, endovascular treatment for chronic dissection can in-
duce FL thrombosis in the treated segment without a change in
the aortic diameter in most cases and with a patent FL. on
thoraco-abdominal aorta [27]. This also links to distal new entry
tears identified in the present study as risk factors for distal an-
eurysmal degeneration and reinterventions. Stent graft-induced
new entry is a well-known risk factor for aneurysm development
and is more common in chronic aortic dissection and when the
distal oversizing of the graft stent is > 20% [28].

Finally, initial aortic diameter was also significatively associ-
ated with an increased risk of aneurysmal degeneration and
reintervention. This suggests that aortic dissection is a pathology
of the whole aorta. The more severe the disease is at the thoracic
level, the more severe it is at the thoraco-abdominal level.

Limitations

The small size and retrospective nature of our study limits the
interpretation of the results. Moreover, these results were ob-
served at one aortic center, which can introduce a possible
confounding bias. Moreover, the lack of a comparison arm
is a limitation of this study, but we cannot provide a compar-
ative study because HR remains our first-line therapy.

Conclusion

HR of RAD in a high-volume center is associated with good
anatomical results and an acceptable risk of perioperative
morbi-mortality, including for patients treated in zone 0. As
a less invasive approach compared to conventional surgery,
this treatment provides an alternative. A redo replacement of
the ascending aortic segment is necessary when the previous
ascending replacement during type A repair does not provide
a good proximal landing zone (angulation or short replace-
ment) to reduce the risk of type I endoleak after TEVAR.
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