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Abstract: Background After a type A aortic dissection repair, a patent false lumen in the descending
aorta is the most common situation encountered, and is a well-known risk factor for aortic growth,
reinterventions and mortality. The aim of this study was to analyze the long-term results of residual
aortic dissection (RAD) at a high-volume aortic center with prospective follow-up. Methods In this
prospective single-center study, all patients operated for type A aortic dissection between January
2017 and December 2022 were included. Patients without postoperative computed tomography scans
or during follow-up at our center, and patients without RAD were excluded. The primary endpoint
was all-cause mortality during follow-up for patients with RAD. The secondary endpoints were
perioperative mortality, rate of distal aneurysmal evolution, location of distal aneurysmal evolution,
rate of distal reinterventions, outcomes of distal reinterventions, and aortic-related death during
follow-up. Results In total, 200 survivors of RAD comprised the study group. After a mean follow-up
of 27.2 months (1–66), eight patients (4.0%) died and 107 (53.5%) had an aneurysmal progression. The
rate of distal reintervention was 19.5% (39/200), for malperfusion syndrome in seven cases (3.5%)
and aneurysmal evolution in 32 cases (16.0%). Most reinterventions occurred during the first 2 years
(82.1%). Twenty-seven patients were treated for an aneurysmal evolution of RAD including aortic
arch with hybrid repair in 21 cases and branched aortic arch endoprosthesis in six cases. In the hybrid
repair group, there was no death, and the rate of morbidity was 28.6% (6/21) (one minor stroke, one
pulmonary complication, one recurrent paralysis with complete recovery and three major bleeding
events). In the branched endograft group, there was no death, no stroke, and no paraplegia. There
was one case (16.7%) of carotid dissection. Complete aortic remodeling or complete FL thrombosis on
the thoracic aorta was found in 18 cases (85.7%) and in five cases (83.3%) in the hybrid and branched
endograft groups, respectively. Conclusions: Despite a critical course in most cases of RAD, with a
high rate of aneurysmal evolution and reintervention, the long-term mortality rate remains low with
a close follow-up and a multidisciplinary management in an expert center.

Keywords: residual aortic dissection; hybrid repair; branched aortic arch endograft; long-term results;
type A repair; reintervention

1. Introduction

Acute type A aortic dissection is an uncommon disease with an incidence of 3.0 per
100,000/year [1]. However, it is a life-threatening disease with a mortality rate that increases
1–2% per hour within the initial 48 h [2,3]. Open repair with ascending aortic replacement
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is the gold standard, and it improves survival with mortality at 30 days ranging between
10% and 20% in expert centers [4,5].

Among the survivors, a patent false lumen (FL) in the descending aorta is the most
common situation encountered, ranging from 43% to 77.5% of cases, and is a well-known
risk factor for aortic growth and mortality [6–11]. Close follow-up of residual aortic
dissection (RAD) is essential to improve the long-term survival of these complex patients [5].
The rate of reinterventions on the descending thoracic aorta after type A aortic dissection
repair is estimated to be between 10 and 40%. These reinterventions intend to prevent late
rupture of the dissected aorta but remain challenging cases since RAD involves the aortic
arch. Indeed, currently in aortic centers around the world, hemiarch replacement at the
acute phase is the most common repair [12], with long-term survival in favor of proximal
repair versus extensive repair [13].

Several surgical techniques have been proposed for redo surgery after type A repair:
total open aortic arch repair, hybrid repair and total endovascular aortic arch repair with
branched and fenestrated endoprostheses associated with distal thoracic endovascular
aortic repair (TEVAR). Total open aortic arch or frozen elephant trunk repair in cases
of redo surgery seems to be associated with a high rate of morbi-mortality, especially
regarding neurological risk [14,15]. Hybrid repair for RAD is safe and associated with good
anatomical results [16].

In the last decade, endovascular aortic arch repair has emerged as a less invasive alter-
native for these complex pathologies with a low morbi-mortality rate in this
indication [17,18].

There are no recommendations for the management of these patients, so they require
discussion with a multidisciplinary meeting and case-by-case decision making.

Several risk factors are known to promote aneurysmal evolution of the descending
aorta after type A aortic repair: young age, male sex, aortic valve bicuspid, connective
tissue diseases, aortic diameter > 40 mm, patent FL, absence of resection of the primary
entry tear or new entry tear and the ratio between the true lumen (TL) and false lumen
TL/FL < 1 and evolution of the false lumen volume at 3 months [7,9,19,20]. All these factors
may be used to identify patients who may benefit from early endovascular intervention to
improve their long-term survival [6,19].

The aim of this study was to analyze the long-term results of RAD after type A aortic
repair at a high-volume aortic center with prospective follow-up.

2. Patients and Methods

The institutional review board approved the project (approval number 2019-48). The
individual written informed consent was obtained for each patient.

2.1. Study Population

In this prospective single-center study, all patients operated for type A aortic dissection
between January 2017 and December 2022 were included. Patients without postoperative
computed tomography (CT) scans (not alive after intensive care unit), patients without CT
scan follow-up at our center, and patients without RAD were excluded.

Demographic characteristics and preoperative and intraoperative variables were collected.

2.2. Endpoints

The primary endpoint was all-cause mortality during follow-up for patients
with RAD.

The secondary endpoints were perioperative mortality, rate of distal aneurysmal
evolution, location of distal aneurysmal evolution, rate of distal reinterventions, outcomes
of distal reinterventions (indications, type of repair, morbi-mortality, long-term anatomical
results), aortic-related death during follow-up, and risk factor of reintervention.
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2.3. Follow-Up

All patients had an immediate postoperative CT scan and underwent clinical and
radiological follow-up at 3, 6 and 12 months and annually in the case of favorable progress.

2.4. CT Protocol

All patients underwent postoperative and follow-up examinations with a three-phase
CT scan.

Image analysis and measurements were performed using three-dimensional imaging
software (OSIRIX software, Geneva, Switzerland). The maximal aortic diameter mea-
surements were performed on the perpendicular axis according to the centerline using a
semiautomated centerline algorithm at three different levels of the aorta (ascending aorta,
aortic arch and descending thoracic aorta).

FL patency was assessed as FL enhancement anywhere in the downstream aorta on
arterial or venous-phase CT. The FL was also considered patent if only partial thrombosis
was observed, while disappearance of the FL was considered to indicate complete FL
thrombosis.

Complete aortic remodeling was defined as complete aortic healing.

2.5. Surgical Procedures
2.5.1. Initial Surgery for TAAD

Initial surgery for acute type A aortic dissection was performed in our center with
cardiopulmonary bypass (CPB) and circulatory arrest (CA), retrograde cold blood cardio-
plegia, moderate hypothermia and anterograde cerebral perfusion when possible or deep
hypothermia. Replacement of the ascending aorta, hemiarch aorta, partial arch replace-
ment, or total arch replacement was performed depending on the location of the primary
entry tear, as detailed in a previous study [21]. Aortic root replacement with a composite
prosthesis according to the modified Bentall procedure or aortic root repair (Tirone David)
was performed in patients with dilatation of the aortic root or an aortic root damaged by
the entry tear. In our center, intervention of aortic valve resuspension with supracoronary
hemiarch replacement remains the first-line therapy.

2.5.2. Distal Reintervention on the Descending Thoracic aorta

The indications for RAD reintervention included complicated RAD (malperfusion
syndrome, pain, rupture) or aneurysmal evolution (rapid aortic growth > 5 mm/6 months,
aortic diameter > 55 mm). Validation of these interventions and the choice of surgical proce-
dure for all cases were decided in a multidisciplinary meeting including cardiac surgeons,
vascular surgeons, anesthesiologists, interventional radiologists, and cardiologists.

Endovascular therapy was our first-line therapy for descending thoracic aortic dissection.
The decision to extend the proximal landing zone was based on the location of the

main residual entry tear (most of the time, at the distal anastomosis of the ascending aortic
repair or in the aortic arch; more rarely, in the descending thoracic aorta).

In the absence of RAD in the aortic arch and when the entry tear was in the descending
thoracic aorta, we performed TEVAR on the descending thoracic aorta.

In cases of RAD in the aortic arch, we performed hybrid repair or branched aortic arch
endoprosthesis.

2.6. Management of the Aortic Arch
2.6.1. Hybrid Repair

Hybrid treatment with TEVAR and open supra-aortic debranching in at least two steps
remains the first-line therapy at our center when the RAD involves the aortic arch, as previ-
ously described [16]. Complete supra-aortic debranching was performed by a prosthetic
bypass between the ascending aortic replacement, innominate artery (IA), left common
carotid artery (LCCA), and left subclavian artery (LSA) through a median sternotomy. In
cases of previous IA debranching (during type A repair), we performed an intra-thoracic
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debranching without CPB with direct or indirect reimplantation of the LCCA in young
patients without comorbidities or an extrathoracic debranching with a carotid-to-carotid
prosthetic bypass in elderly patients with comorbidities.

2.6.2. Branched Aortic Arch Endoprosthesis

Since 2020, in selected cases (contraindication of hybrid repair, absence of supra-aortic
dissection), endovascular repair of the aortic arch with a branched endograft was performed.

All patients were treated with a branch endograft including one or two branches (relay
branch, Terumo aortic, Miami, US and A-Branch, Cook Medical, Bloomington, IN, USA).

After systemic heparinization of 100 IU/kg, the device was advanced in the aortic
arch and deployed under rapid pacing. We performed a surgical approach to the common
carotids for branch delivery and femoral access for endoprosthesis delivery.

2.6.3. TEVAR

Procedures were performed in a hybrid suite (Discovery IGS 730, GE Healthcare,
Chicago, IL, USA). 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, USA) and Terumo Aortic (Terumo aortic,
Miami, FL, USA).

The distal extension of the stent graft was based on the distal extension of the dissected
aortic aneurysm.

In addition to TEVAR, we have added a bare stent deployment in the thoraco-
abdominal aorta (the Zenith dissection endovascular stent (ZDES), Cook Medical, Bloom-
ington, IN, USA) to induce remodeling of the distal dissected aorta (stent-assisted balloon-
induced intimal disruption and relamination in aortic dissection repair—STABILISE tech-
nique) [22,23]. This technique was chosen when anatomical criteria were favorable (maxi-
mum aortic diameter less than 42 mm, absence of aortic angulation, thrombus in the FL)
during the first year following the type A repair [24]. In other cases, we performed TEVAR
alone, KNICKERBOCKER [25] or Candyplug.

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

Cerebrospinal fluid drainage was performed when there was extensive coverage of
the thoracic aorta (>250 mm). Spinal drains were placed preoperatively by anesthesiol-
ogists, 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.

2.7. Statistical Analysis

Means and range or standard deviation were used to describe continuous variables;
categorical variables were described as numbers and frequencies. For categorical variables,
the relationship between variables was studied using the chi-square test or Fisher’s exact
test, as appropriate. The Mann–Whitney U test was used for continuous variables. The
normality of the distribution of variables was assessed with the Shapiro–Wilk test.

Overall survival was estimated using Kaplan–Meier method. Cumulative incidence of
reintervention was estimated using the time-to-event approach and taking into account
the occurrence of death before reintervention as a competing event. Fine and Gray models
were built to estimate subdistribution hazard ratios with their 95% confidence intervals to
quantify the association between patients’ characteristics and reintervention risk over time.

All statistical tests were two-sided, and for all analyses, a p-value of <0.05 was consid-
ered statistically significant. Statistical analyses were performed using IBM SPSS Statistics
20.0 (IBM, Inc., New York, NY, USA) and R software version 4.2.2 (R Foundation for
statistical Computing, Vienna, Austria).
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3. Results

In this study, 357 patients were treated for acute type A aortic dissection, the hospital
mortality rate was 12.6% (45/357), 88 patients (24.6%) had no residual dissection, and 24
were lost to follow-up (6.7%). In total, 200 survivors of RAD comprised the study group.

The mean age was 62.2 +/−11.6 years, 72.5% (145) were male, and 6.0% (12/200) had
Marfan and related syndromes.

Demographic data are presented in Table 1.

Table 1. Baseline characteristics.

Variables Total n = 200

Age (years), mean (SD) 62.2 (11.6)
Male sex, n (%) 145 (72.5)

Hypertension, n (%) 121 (60.5)
Dyslipidemia, n (%) 40 (19.8)

Smoking, n (%) 36 (18.0)
Diabetes, n (%) 6 (3.0)
COPD, n (%) 11 (5.4)

Atrial fibrillation, n (%) 16 (7.8)
CAD, n (%) 16 (7.8)

Peripheral vascular disease, n (%) 7 (3.6)
Renal failure, n (%) 4 (1.8)

Marfan and related syndrome, n (%) 12 (6.0)
Bicuspid aortic, n (%) 8 (4.2)

SD, Standard deviation; CAD, Coronary artery disease; COPD, Chronic obstructive pulmonary disease.

3.1. All-Cause Mortality of RAD

After a mean follow-up of 27.2 months (1–66), 8 patients (4.0%) died during follow-up:
two from pancreatic cancer, two from COVID-19, one from influenza, one from unknown
cause, one from cerebral tumor and one from aortic rupture (death after the first surgery
pending endovascular exclusion).

The rate of aortic-related death was 0.5% (1/200).
The Kaplan–Meier estimated survival rates at 1, 2, 3 and 5 years were 99.5%, 97.1%,

96.1% and 91.1%, respectively (Figure 1).
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3.2. Distal Aneurysm Evolution

The rate of aneurysmal progression was 53.5% (107/200), and among the aneurysmal
changes, 68 (34%) involved segment three, 35 (17.5%) involved segment two, 11 (5.5%)
involved segments four and five, three (1.5%) involved the innominate artery (IA), and
three (1.5%) involved the iliac arteries (Figure 2).
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3.3. Distal Reintervention

The rate of distal reoperation was 19.5% (39/200): six branched aortic arch endo-
prostheses (Figure 3A), 21 hybrid treatments (Figure 3B), one conventional IA repair,
four TEVARs alone, one open abdominal repair, one endovascular abdominal aortic re-
pair, one fenestrated endovascular abdominal aortic repair, two iliac stenting and three
renal stenting.
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(A): pre and post operative CT scan (volume rendering) after branched endograft for aneurysmal
evolution limited to the aortic arch. (B): pre and post operative CT scan (volume rendering) after
hybrid repair associated with TEVAR and STABILISE technique for a thoracic aneurysmal evolution.
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The cumulative incidence of reintervention at 1, 2, 3 and 5 years were 8.9%, 20.8%,
24.1% and 32.8%, respectively (Figure 4).
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3.4. Indications

Indications for distal reintervention were malperfusion syndrome in seven cases (3.5%)
and aneurysmal evolution in 32 cases (16.0%), among which 27 involved the aortic arch.
No patient was treated for an aortic rupture.

The demographic data and type of repair of these 27 patients are shown in Table 2.

Table 2. Baseline characteristics of patients with reintervention for distal aneurysmal evolution
including aortic arch repair.

Total
n = 27 (100.0%)

Hybrid
n = 21 (77.8%)

Branched
Endograft

n = 6 (22.2%)
p Value

Age (years), mean (SD) 63.0 +/−11.7 59.7 +/−10.7 74.7 +/−6.9 0.12
Male sex, n (%) 17 (63.0) 14 (66.7) 3 (50.0) 0.79

Hypertension, n (%) 15 (55.6) 11 (52.4) 4 (66.7) 0.87
Dyslipidemia, n (%) 2 (7.4) 1 (4.8) 1 (16.7) 0.92

Smoking, n (%) 4 (14.8) 2 (9.5) 2 (33.3) 0.42
Diabetes, n (%) 1 (3.7) 1 (4.8) 0 (0) 0.58
COPD, n (%) 4 (14.8) 3 (14.3) 1 (16.7) 0.77

Atrial fibrillation, n (%) 2 (7.4) 2 (9.5) 0 (0) 0.43
CAD, n (%) 1 (3.7) 1 (4.8) 0 (0) 0.58

Peripheral vascular
disease, n (%) 1 (3.7) 1 (4.8) 0 (0) 0.58

Renal failure, n (%) 2 (7.4) 1 (4.8) 1 (16.7) 0.92
Marfan syndrome, n (%) 5 (18.5) 5 (23.8) 0 (0) 0.46

SD, Standard deviation; CAD, Coronary artery disease; COPD, Chronic obstructive pulmonary disease.

During aneurysmal evolution, the mean maximum aortic diameter was 55 mm (43–76).
The mean delay between type A repair and reintervention was 15.3 months (1–48).

Most reinterventions (32/39) occurred during the first 2 years (82.1%).
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3.5. Perioperative Results of Distal Reintervention
3.5.1. Results after Hybrid Repair

We performed extra-thoracic debranching with intercarotid prosthetic bypass (pa-
tients with previous IA debranching during type A repair) and LSA reimplantation in
four patients and intra-thoracic debranching with complete supra-aortic debranching in
17 patients. Among these 17 patients, in four cases, the previous ascending aortic replace-
ment was short, and a redo replacement of the ascending aorta with CPB and CA was
necessary. In 14 patients, debranching was performed by a prosthetic bypass between the
previous ascending aortic replacement, IA, left common carotid artery (LCCA), and left
subclavian artery (LSA) with CPB.

There was no death, and the rate of morbidity was 28.6% (6/21): one minor stroke with
complete recovery, one pulmonary complication, one recurrent paralysis with complete
recovery and three major bleeding events, including one tamponade, one major renal
bleeding needing renal embolization and one bleeding complication secondary to spinal
drains (a medullar hematoma with cauda equina syndrome).

After a mean follow-up of 26.3 months (range 2–50), complete aortic remodeling or
complete FL thrombosis on the thoracic aorta was found in 18 cases (85.7%), and partial FL
thrombosis was found in three cases (14.3%) due to type IB endoleaks.

3.5.2. Results after Branched Aortic Arch Endoprosthesis

One patient was treated with an endograft including one branch for the LCCA. The
patient had previous IA debranching during type A repair and left subclavian artery
transposition was necessary.

In five other cases, endografts included two branches, IA and LCCA in four cases
associated with LSA debranching and LCCA and LSA in one case with previous IA de-
branching. In one of these patients, the device moved backward, and we performed a
carotid-to-carotid prosthetic bypass with a single branch in the LCCA.

There was no death, no stroke, and no paraplegia. There was one case (16.7%) of
carotid dissection.

After a mean follow-up of 13.5 months (range 1–26), complete aortic remodeling or
complete FL thrombosis on the thoracic aorta was found in five cases (83.3%), and partial
FL thrombosis was found in one case (16.7%) due to type IB endoleak.

We compared the results of hybrid repair and branched endograft for patients treated
for aneurysmal evolution including aortic arch evolution, in Table 3.

Table 3. Morbi-mortality after reintervention for distal aneurysmal evolution including aortic arch repair.

Total
n = 27 (100%)

Hybrid
n = 21 (77.8%)

Branched
Endograft

n = 6 (22.2%)
p Value

Hospital mortality 0 (0) 0 (0) 0 (0) NA
Postoperative morbidity 7 (25.9) 6 (28.6) 1 (16.7) 0.95

Stroke 1 (3.7) 1 (4.8) 0 (0) 0.58
Pulmonary complication 1 (3.7) 1 (4.8) 0 (0) 0.58

Carotid dissection 1 (3.7) 0 (0) 1 (16.7) 0.49
Major bleeding 3 (11.1) 3 (14.3) 0 (0) 0.80

Recurential paralysis 1 (3.7) 1 (4.8) 0 (0) 0.58
Medullary ischemia 0 (0) 0 (0) 0 (0) NA

Number of
hospitalizations 1.8 +/−0.7 1.8 +/−0.7 1.8 +/−1.0 0.96

Cumulative length of stay
in intensive care unit 3.9 +/−2.0 4.4 +/−2.5 1.8 +/−0.8 <0.001

Cumulative length of stay
in hospital 13.9 +/−5.3 14.8 +/−8.1 11.0 +/−4.2 0.14
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Table 3. Cont.

Total
n = 27 (100%)

Hybrid
n = 21 (77.8%)

Branched
Endograft

n = 6 (22.2%)
p Value

Anatomical results
Total aortic remodeling 11 (40.7) 10 (47.6) 1 (16.7) 0.37

FL thrombosis 12 (44.4) 8 (38.1) 4 (66.7) 0.44
FL partial thrombosis 4 (14.8) 3 (14.3) 1 (16.7) 0.88

Type Ia Endoleak 0 (0) 0 (0) 0 (0) NA
Type Ib Endoleak 4 (14.8) 3 (14.3) 1(16.7) 0.88
Type II Endoleak 0 (0) 0 (0) 0 (0) NA
Type III Endoleak 0 (0) 0 (0) 0 (0) NA

3.5.3. Results for Other Reinterventions

Among one conventional IA repair (with CPB and CA), four TEVARs alone, one open
abdominal repair, one endovascular abdominal aortic repair, one fenestrated endovas-
cular abdominal aortic repair, two iliac stenting and three renal stenting, there were no
perioperative deaths or complications.

3.6. Risk Factors for Reinterventions

Marfan syndrome and bicuspid aortic valve were significantly associated with the risk
of reintervention (HR = 3.19 CI95 = [1.34–7.56], p = 0.01 and HR = 4.55 CI95 = [2.36–8.76],
p < 0.01 respectively).

4. Discussion

In this study, with twice as many patients included as in our previous publication [21],
we confirmed that RAD is a serious disease associated with a critical course for almost
half of patients. This finding confirms that close follow-up in an expert center is essential.
Indeed, operative survival does not guarantee freedom from subsequent aortic events, as
most operative survivors have a persistent, dissected residual aorta, often with a patent
FL [26]. In the international registry (IRAD), the survival rates of patients after type A
aortic dissection treated with surgery were 96.1%+/−2.4% and 90.5%+/−3.9% at 1 and
3 years, respectively [2]. Yeh et al. reported a survival rate free from descending aortic
aneurysm formation or descending aorta operation of 74.7% at 3 years [7]. The long-
term mortality of these patients is directly related to the risk of dissection-related events,
including aneurysmal evolution, malperfusion and aortic rupture. In the present study,
the long-term mortality was 4.0%, with a low rate of aortic-related death (0.5%), despite a
high rate of aneurysmal evolution at 52.3%.These results are related to a close follow-up,
reintervention in cases of complications and a low morbi-mortality rate associated with
these reinterventions. Reinterventions occurred in most cases (82.1%) in the first 2 years
after acute type A aortic dissection repair, Ohira et al. confirmed these results with the
median duration from the index repair at 2 years [27].

Currently, endovascular therapy for the descending thoracic aorta remains the first-
line therapy, but in cases of RAD, the primary entry tear is on the aortic arch in most cases,
which is very challenging. Indeed, in our center and in most other aortic centers, hemiarch
replacement is the most common repair for type A repair at the acute phase [27]. Sultan
et al. proposed concomitant antegrade stent grafting of the descending thoracic aorta
during transverse hemiarch reconstruction for acute type A aortic dissection repair, and
they showed that TEVAR increased positive aortic remodeling on the descending thoracic
aorta by promoting FL thrombosis (71.4% FL complete thrombosis on the descending
thoracic aorta), with no increase in stroke, paraplegia or mortality rate [28]. A more
aggressive repair at the acute phase with Frozen elephant trunk or open aortic arch repair
prevent the risk of long-term evolution and increase the rate of FL thrombosis on the
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descending thoracic aorta at the cost of high mortality rate [4], so it would be beneficial in
selected patients.

Open aortic arch surgery or frozen elephant trunk with prior ascending aortic re-
placement is challenging and is associated with a high rate of mortality, ranging from 5 to
20% [29–31]. In a recent study, among 117 reoperations after acute type A aortic dissection
repair, Dell’Aquila et al. reported an in-hospital mortality of 19.6%. Furthermore, 31 pa-
tients underwent a distal reoperation (61.2% of total arch reoperation and 22.5% of FET),
with an in-hospital mortality rate of 25.8% [32].

In our experience, hybrid treatment for RAD aneurysmal evolution could be a safe and
effective technique with low rates of in-hospital mortality and morbidity. We reported the
results of hybrid repair for chronic RAD [16] in a previous report, and among 28 elective
patients, there was no perioperative death and one minor stroke. In 96.4% of cases, we
observed complete FL thrombosis on the thoracic aorta. The present study confirms that hy-
brid repair for RAD is safe without death and only one minor stroke and is associated with
85.7% good anatomical results, including complete aortic remodeling and FL thrombosis
on the thoracic aorta.

Branched endoprostheses could be a less invasive alternative to hybrid or open re-
pair [33]. Maurel et al. reported 0% early mortality and 11% stroke after branched and
fenestrated endoprostheses in aortic arch aneurysms, but it is well known that the rate of
stroke after fenestrated or branched TEVAR is higher in aneurysms than in aortic dissec-
tions [34]. Indeed, in a recent study, the rate of in-hospital mortality and stroke was 4% in
these specific patients with RAD [17]. Here, despite a low number of patients treated with
branched endografts, we showed that this approach is safe without perioperative death or
stroke. This technique will continue to be used and the indications will be extended to an
increasing number of patients, especially for this indication.

Finally, we identified Marfan syndrome and bicuspid aortic valve as risk factors of
distal reintervention, which confirms our previous results [21]. All epidemiological and
anatomical risk factors identified here and, in the literature, could be used to increase the
long-term survival of patients with a RAD. Indeed, we could offer them a more aggressive
treatment at the acute or subacute phase to promote aortic remodeling and prevent aortic
growth and late aortic rupture.

5. Conclusions

Despite a critical course in most cases of RAD, with a high rate of aneurysmal evolution
and reintervention, the long-term mortality rate remains low with a close follow-up and a
multidisciplinary management in an expert center.

These complex cases require a personalized therapeutic solution. Case-by-case dis-
cussion and management must remain a priority to increase the long-term survival of
these patients.
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CA Circulatory Arrest
CAD Coronary Artery Disease
CPB Cardiopulmonary Bypass
COPD Chronic Obstructive Pulmonary Disease
CT Computed Tomography
IA Innominate Artery
FL False Lumen
LCCA Left Common Carotid Artery
LSA Left Subclavian Artery
RAD Residual Aortic Dissection
TEVAR Total Endo Vascular Aortic Repair
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