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Introduction: In the last two decades, a more aggressive approach has been

encouraged to treat patients with acute type A aortic dissection (ATAAD),

extending the repair to the aortic arch and proximal descending thoracic

aorta with the frozen elephant trunk (FET) implantation. Here, we report our

single-centre experience with the FET technique for the systematic treatment

of emergency type A aortic dissection.

Materials and methods: Between December 2017 and January 2022, 69

consecutive patients were admitted with ATAAD; of those, 66 patients (62.9

± 10.2 years of age, 81.8% men) underwent emergency hybrid aortic arch

and FET repair with the multibranched Thoraflex hybrid graft and were

enrolled in the study. Primary endpoints were 30 days- and in-hospital

mortality. Secondary endpoints were postoperative morbidity and follow-up

survival. To better clarify the impact of age on surgical outcomes, we have

divided the study population into two groups: group A for patients <70

years of age (47 patients), and group B for patients ≥70 years (19 patients).

Time-to-event analysis has been conducted using the Log-rank test and is

displayedwith Kaplan-Meier curves. Amultiple Cox proportional Hazardmodel

was developed to identify predictors of long-term survival with a stepwise

backward/forward selection process.

Results: 30-days- and in-hospital mortality were 10.6 and 13.6%, respectively.

Stroke occurred in three (4.5%) patients. Two (3.0%) patients experienced spinal

cord ischemia. We did not find any statistically significant di�erence between

the two groups in terms of main post-operative outcomes. The multivariable

Cox proportional hazard model showed left ventricular ejection fraction (HR:

0.83, 95% CI: 0.79–0.92, p <0.01), peripheral vascular disease (HR: 15.8, 95%

CI: 3.9–62.9, p < 0.01), coronary malperfusion (HR: 0.10, 95% CI: 0.01–0.77,
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p =0.03), lower limbs malperfusion (HR: 5.1, 95% CI: 1.10–23.4, p = 0.04),

and cardiopulmonary bypass time (HR: 1.02, 95% CI: 1–1.04, p = 0.01) as

independent predictors of long term mortality.

Conclusions: Frozen elephant trunk repair to treat emergency type A aortic

dissection appears to be associated with good early and mid-term clinical

outcomes even in the elderly.

KEYWORDS

aortic arch surgery, FET, frozen elephant trunk, hybrid arch surgery, acute typeA aortic

dissection

Introduction

Acute type A aortic dissection (ATAAD) is one of the

most dangerous and fatal cardiovascular emergencies. Aortic

rupture and subsequent cardiac tamponade as well as systemic

malperfusion are the most common cause of death as a result

of this potentially deadly condition. In most of the cases,

emergency surgery is the only therapeutic choice (1, 2).

Although substantial improvements in surgical repair

techniques and post-operative management have enhanced

outcomes for this subset of patients, the largest registries still

show high in-hospital mortality of 15–20% (3–6). Traditionally,

a less aggressive approach limited to ascending aorta with or

without hemiarch replacement has been adopted to reduce

the surgical risk (7, 8). However, pathologic remodeling with

dilation of the residual dissected aorta and subsequent risk

of rupture requiring further intervention in the future may

occur. Nowadays, the frozen elephant trunk (FET) technique

has become a valuable alternative to treat aortic disease when

the arch and the thoracic aorta are involved, both in elective

and emergency settings (9–12). Particularly, in acute aortic

dissection, the use of FET can lead to expansion and stabilization

of the true lumen and can cover eventual additional tears in the

stented part of the aortic arch or proximal descending thoracic

aorta (DTA) (13, 14). Despite these potential advantages, only a

restricted number of institutions have employed this procedure

to treat aortic dissection (15–33).

Abbreviations: AKI, acute kidney injury; ATAAD, acute type A aortic

dissection; AVR, aortic valve replacement; CABG, coronary artery

bypass grafting; CI, confidence interval; CKD, chronic kidney disease;

COPD, chronic obstructive pulmonary disease; CPB, cardiopulmonary

bypass; CVA, cerebro-vascular event; CVVH, continuous veno-venous

haemofiltration; DSINEs, distal stent graft induced new entries; DTA,

descending thoracic aorta; eGFR, estimated glomerular filtration rate;

FET, frozen elephant trunk; HCA, hypothermic circulatory arrest; LCA, left

common carotid artery; LOS, length of stay; LSA, left subclavian artery;

SD, standard deviation; TEVAR, thoracic endovascular aortic repair.

The aim of this study is to review our systematic experience

with arch reconstruction and the FET technique for patients

presenting with acute type A dissection. A secondary aim is to

evaluate the impact of age on the postoperative outcome after

this type of surgery.

Materials and methods

Study population and definitions

This is a single-center, retrospective, observational study

based on prospectively collected data obtained from institutional

cardiac surgery dataset at the University Hospital San Giovanni

di Dio and Ruggi d’Aragona, Salerno, Italy. The study was

conducted in accordance with the principles of the Declaration

of Helsinki. Institutional board approval was obtained for the

study, and patient consent was waived. Between December

2017 and January 2022, 69 consecutive patients presented

at our unit with the diagnosis of ATAAD. The Glasgow

Coma Scale was used to assess the level of consciousness,

and patients were classified into the following 3 subgroups

based on their Glasgow Coma Scale scores: severe, 3–8;

moderate, 9–12; and mild, 13–15 (34). We did not perform

AAAD repair in patients whose severe coma persisted for

more than 10 h. There was only 1 non-operative management

patient in this study period. Two patients were treated with

a more conservative approach (ascending aorta and hemiarch

replacement) due to extremely poor general conditions at

presentation. All the other 66 patients underwent repair with

the FET technique using Thoraflex hybrid (Terumo Aortic,

Scotland) prosthesis and were enrolled in the present study.

Fifty-four (81.8%) were male and the mean age was 62.8

(±10.1) years. All the surviving patients were followed-up until

May 2022. Patient demographics are summarized in Table 1.

To better clarify the impact of age on surgical outcomes, we

have divided the study population into two groups: group

A for patients <70 years of age (47 patients) and group

B for patients ≥70 years (19 patients, Table 1). Emergency

surgery was defined as surgery conducted within 24 h of
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TABLE 1 Preoperative characteristics.

Characteristics Overall (66) Group A (47) Group B (19) p-value

Age (years) 62.9 (10.2) 58 (7.9) 75 (3) <0.001

Male gender 54 (81.8) 41 (87.2) 13 (68.4) 0.089

COPD 13 (19.7) 11 (23.4) 2 (10.5) 0.3

History of hypertension 57 (86.4) 41 (87.2) 16 (84.2) 0.7

CKD 6 (9.1) 6 (12.7) 0 na

History of cancer 3 (4.5) 2 (4.2) 1 (5.3) >0.9

Diabetes mellitus 7 (10.6) 4 (8.5) 3 (15.7) 0.4

Peripheral vascular disease 8 (12.1) 4 (8.5) 4 (21.0) 0.2

Previous cardiac surgery 3 (4.5) 1 (2.1) 2 (10.5) 0.2

Previous cerebrovascular accident 1 (1.5) 1 (2.1) 0 na

Left ventricle ejection fraction (perc.) 57 (6.3) 57.4 (7.3) 59.1 (4.2) 0.28

Bicuspid aortic valve 1 (1.5) 1 (2.1) 0 na

Marfan syndrome 1 (1.5) 1 (2.1) 0 na

Coronary malperfusion at presentation 10 (15.2) 6 (12.8) 4 (21.0) 0.5

Preoperative hemoglobin level (g/dl) 12.7 (1.7) 13.1 (1.6) 11.9 (1.8) 0.017

eGFR 68.1 (27.5) 67.3 (27.7) 70.1 (27.8) 0.14

Cerebral malperfusion at presentation 8 (12.1) 4 (8.5) 4 (21.0) 0.2

Abdominal malperfusion at presentation 11 (16.7) 9 (19.1) 2 (10.5) 0.5

Lower limb ischaemia at presentation 7 (10.6) 6 (12.8) 1 (5.3) 0.7

Penn classification 0.8

Aa 32 (48.5) 23 (48.9) 9 (47.3)

Ab 21 (31.8) 16 (34.0) 5 (26.3)

Ac 6 (9.1) 4 (8.5) 2 (10.5)

Abc 7 (10.6) 4 (8.5) 3 (15.8)

Preoperative lactate level 1.68 (1.48) 1.62 (1.33) 1.84 (1.8) 0.7

Group A: age at surgery <70 years; group B: age at surgery ≥ 70 years; COPD, Chronic Obstructive Pulmonary Disease; CKD, Chronic Kidney Disease; eGFR: estimated glomerular

filtration rate. Data are reported as mean (SD) for numerical variables and as count (%) for categorical variables.

unscheduled admission. Patients were considered to have a

chronic obstructive pulmonary disease (COPD) if they had any

of the following conditions: long-term use of bronchodilators

or steroids for lung disease before admission; outpatient

visits including a diagnosis of COPD; and preoperative lung

function test with evidence of an obstructive pattern, Patients

were considered to have diabetes if they had any of the

following conditions: receipt of insulin or oral hypoglycemic

medications before admission; outpatient visits including a

diagnosis of diabetes mellitus on two occasions; or a previous

inpatient stay with a discharge diagnosis of diabetes mellitus.

Cardiogenic shock was defined as a preoperative systolic blood

pressure <90 mmHg or a cardiac index <2.0 l/min/m2 at

arrival. Malperfusion syndromes were defined as symptoms

due to disrupted blood flow to the coronary arteries, central

nervous system, or peripheral arteries. Any patient with

neurological symptoms or syncope that was apparently caused

by cardiogenic shock was excluded from the classification of

cerebral malperfusion (35).

Thoraflex hybrid FET graft and size
selection

The Thoraflex hybrid is a vascular graft designed for

complex aortic arch surgery. It consists of a proximal not-stented

tubular gelatin-coated Dacron graft and a distal polyester-

made stent-graft with a self-expandable nitinol stent, which

is deployed anterogradely into the aortic arch/DTA during

circulatory arrest. The hybrid prosthesis has four integrated

lateral branches: three on the dorsal side for the single

reimplantation of supra-aortic vessels and one on the ventral

side for systemic perfusion. Between the two portions, there is a

sewing collar that makes the distal anastomosis of the prosthesis

to the aortic arch wall easier. The Thoraflex hybrid comes in

different sizes: the proximal part diameter varies from 22 to

32mm, and the stented part from 24 to 40mm. Two different

distal lengths are available: 100 and 150mm. The combination

of the varied sizes and lengths allows us to tailorize the graft to

the patient’s anatomy and pathologic condition. In our series, the
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decision on stented graft size was figured out by the total aortic

diameter and relative diameters of the true and false lumen at

the level of the landing zone, based on the exact evaluation of

preoperative CT angiogram of the aorta for the entire cohort

of patients. No oversizing was performed to reduce the risk of

rupture or distal stent graft-induced new entries (DSINEs). To

minimize the risk of spinal cord ischemia, we only implanted

the 100mm length stented graft.

Surgical technique

Our “debranching first” FET technique (Figure 1) has

already been described in earlier reports (36, 37). The usual

incision was normally extended in a small bilateral supra-

clavicular cervicotomy to improve access to the epiaortic

vessels. The right subclavian artery (isolated from anterior

mediastinum) or the right axillary artery (isolated in the right

sub clavicular region) were routinely employed as the arterial

site for central cannulation. In all cases, an end-to-side Dacron

vascular graft (8 or 10mm, depending on the native vessel

size) was interposed to avoid direct cannulation of the artery.

The right atrium and right superior pulmonary vein were

cannulated for venous return and left ventricle venting. A home-

made 4-branched perfusion circuit was used for extracorporeal

circulation. Cooling to 26, 28◦C for hypothermic circulatory

arrest was employed in all cases. During the first cooling phase,

from a beating heart, the left common carotid artery (LCCA)

and the left subclavian artery (LSA) were isolated and prepared

for selective cannulation with the interposition of a vascular

Dacron graft. The vessel perfusion was sequentially started to

achieve complete antegrade “trilateral” cerebral perfusion before

clamping the ascending aorta. After debranching completion, at

30◦C core temperature, the ascending aorta was cross-clamped

and opened and cardioplegia was administered. A single dose of

Custodiol
R©
cardioplegia was routinely administered selectively

in the coronary ostia. The proximal aortic valve and root

reconstruction were performed in different manners as required

by the case as shown in Table 2. At a temperature of 26–28◦C, the

brachiocephalic artery was clamped and the selective antegrade

perfusion began at 10–15 ml/kg/min, to stop the systemic

circulation. The aortic arch was then opened and inspected. The

landing zone (usually zone 2) was reinforced with internal and

external teflon strips. At this stage, the distal stent graft of the

Thoraflex hybrid was released into the DTA. The strengthened

collar of the prosthesis was sutured to the aorta, and, after

cannulation of the fourth lateral branch and accurate de-airing,

systemic perfusion was resumed, starting to rewarm the body.

In the last 19 cases, to reduce lower body ischemia time, a blood

flow of around 1,200ml for spinal and splanchnic perfusion was

started through the lateral branch of the Thoraflex hybrid even

before completing the collar’s anastomosis. The anastomosis

between the hybrid prosthesis and sino-tubular junction (either

native or prosthetic, depending on the proximal repair) was then

completed and the cross-clamp was released. The prosthesis-

elongated supra-aortic vessels were then termino-terminally re-

anastomosed to the corresponding branches of the Thoraflex

hybrid, starting with the LSA to LCCA and finally at the

brachiocephalic artery.

Endpoints

The primary endpoints of the study were 30-days and in-

hospital mortality, defined as death due to any cause during the

postoperative course at 30 days and until discharge, respectively.

Secondary endpoints included postoperative stroke (defined

as clinical and radiological evidence of a new postoperative

cerebrovascular event -CVA-), spinal cord injury, return to

the operating room for cardiac causes, renal failure requiring

replacement therapy, respiratory insufficiency requiring

prolonged ventilation and/or tracheostomy, deep sternal wound

infection involving sternal bone and/or mediastinal structures,

recurrent laryngeal nerve palsy, and in-hospital length of stay.

Statistical analysis

Data are presented as mean and standard deviation (SD) for

continuous numerical variables and as count and percentages for

categorical variables. Numerical variables have been compared

using the Student t-test or Mann-Whitney U test, while

categorical variables have been compared with the chi-square

test or Fisher exact test as appropriate. Time-to-event analysis

has been conducted using the Log-rank test and displayed

with Kaplan-Meier curves. A multiple Cox proportional Hazard

model was developed to identify predictors of long-term survival

with a stepwise backward/forward selection process. The alpha

error was set at 0.05 for significance and all tests are two-sided.

Missing values were screened before analysis: every variable with

more than 5% of the missing value was eliminated from the

final dataset. The remaining variables were imputed using simple

imputation models. The statistical analysis was conducted with

R version 3.6.0 (2019-04-26) (38).

Results

The mean follow-up was 19.7 ± 17.4 months. The

distributions of baseline characteristics for the overall

population are presented in Table 1. Three (4.5%) patients had

already undergone cardiac surgery. Thirty-six patients (54.5%)

were presented with peripheral malperfusion. Particularly, 10

(15.2%) patients were presented with coronary malperfusion,

8 (12.1%) patients with cerebral malperfusion, 11 (16.7%) with

abdominal malperfusion, and 7 (10.6%) patients with peripheral
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FIGURE 1

De-branching first surgical technique. The right subclavian artery is isolated from the anterior mediastinum and an end-to-side Dacron vascular

graft (8 or 10mm, depending on the native vessel size) is interposed to avoid direct cannulation of the artery (A). During the first cooling phase,

from a beating heart, the left common carotid artery (LCCA) (B) and the left subclavian artery (LSA) (C) are isolated and prepared for selective

cannulation with the interposition of a vascular Dacron graft. After the completion of debranching (D), the ascending aorta is cross-clamped

and opened, cardioplegia is administered, and the proximal aortic valve and root reconstruction are performed in di�erent manners as required

by the case (E). The brachiocephalic artery is clamped, the aortic arch is then opened and inspected, and the landing zone (usually zone 2) is

reinforced with internal and external teflon strips (F). At this stage, the distal stent graft of the Thoraflex hybrid is released into the DTA (G). The

strengthened collar of the prosthesis is sutured to the aorta (H), and, after cannulation of the fourth lateral branch and accurate de-airing, a

systemic perfusion is resumed. The anastomosis between the hybrid prosthesis and sino-tubular junction (either native or prosthetic, depending

on the proximal repair) is then completed (I) and the cross-clamp is released. The prosthesis-elongated supra-aortic vessels are then

termino-terminally re-anastomosed to the corresponding branches of the Thoraflex hybrid (L), starting with the LSA to LCCA and finally to the

brachiocephalic artery (M). Finally, the anonymous vein is reconstructed with the interposition of an 8mm Dacron vascular graft (O).

limb ischemia. According to the Penn classification (39) for the

overall study cohort, 32 (48.5 %) patients were in class Aa, 21

(31.8%) were in class Ab, 6 (9%) patients were in class Ac, and

7 (10.6%) patients were in class Abc. There were no significant

differences in terms of significant preoperative comorbidities

and clinical presentation between the groups, A (<70 yrs old)

and B (≥ 0 yrs old). The Penn classification did not differ

between the two groups with 49 vs. 47% patients in class Aa,

34 vs. 26% in class Ab, 8.5 vs. 11% in class Ac, and 8.5 vs.

16% in class Abc (group A vs. group B respectively, p = 0.8).

However, patients in group A were more frequently male (87

vs. 68%, p = 0.089) and had higher preoperative hemoglobin

levels (13.1 ± 1.6 vs. 11.9 ± 1.8, p = 0.017). No deaths were

recorded during the procedure. Operative characteristics and

their distributions among the two groups are shown in Table 2.

Concomitant procedures were needed in 32 (48.5%) patients:

11 (16.7%) coronary artery bypass grafting, 4 (6.0%) aortic

valve replacement, 17 (25.7%) aortic root surgery, such as

12 (18.2%) Florida sleeve procedures and 5 (7.6%) modified

Bentall. There was no difference between the two groups in

terms of cardiopulmonary bypass time (205.1 ± 43.5min in

group A vs. 203 ± 50.3min in group B, P = 0.7) and aortic

cross-clamp time (118± 35.8min in group A vs. 108± 36.9min

in group B, P = 0.2) However, the mean moderate hypothermic
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TABLE 2 Operative characteristics.

Overall (66) Group A (47) Group B (19) p-value

CPB time (min) 204.5 (45.2) 205.1 (43.5) 203 (50.3) 0.7

Aortic cross-clamp time (min) 115.1 (36.1) 118 (35.8) 108.1 (36.9) 0.2

HCA time (min) 28.7 (6.9) 30 (6.1) 25.5 (7.9) 0.046

Intraoperative lactate level (peak) 5.7 (2.8) 5.4 (2.2) 6.5 (3.8) 0.6

Concomitant procedures

CABG 11 (16.6) 6 (12.8) 5 (26.3) 0.3

AV replacement 5 (7.6) 4 (8.5) 1(5.3) 0.4

Aortic root surgery

Florida Sleeve 12 (18.2) 9 (19.1) 3 (15.8) 0.9

Modified Bentall 5 (7.6) 3 (6.4) 2 (10.5) 0.6

Group A: age at surgery <70 years; group B: age at surgery ≥ 70 years; CPB, Cardiopulmonary Bypass; HCA, Hypothermic Circulatory Arrest (including selective antegrade cerebral and

visceral perfusion); CABG, Coronary Artery Bypass Graft; AV, Aortic Valve. Data are reported as mean (SD) for numerical variables and as count (%) for categorical variables.

TABLE 3 Post-operative outcomes.

Overall (66) Group A (47) Group B (19) p-value

30-days mortality 7 (10.6) 3 (6.4) 4 (21.0) 0.1

In-hospital mortality 9 (13.6) 4 (8.5) 5 (26.3) 0.11

ITU LOS (days) 15 (16.4) 15.3(16.9) 14.4 (15.4) >0.9

In-hospital LOS (days) 27.7 (21.7) 27.5 (20.7) 28.3 (24.6) 0.78

Return to operating room 6 (9.1) 5 (10.6) 1 (5.3) 0.7

Prolonged ventilation 26 (39.3) 15 (31.9) 11 (57.9) 0.05

Respiratory failure 39 (59.1) 28 (59.6) 11 (57.9) 0.9

Tracheostomy 19 (28.8) 12 (25.5) 7 (36.8) 0.4

Pericardial effusion requiring drainage 15 (22.7) 11 (23.4) 4 (21.0) >0.9

Pleural effusion requiring drainage 20 (30.3) 14 (29.8) 6 (31.6) 0.8

Deep sternal wound infection 7 (10.6) 4 (8.5) 3 (15.7) 0.4

Recurrent laryngeal nerve palsy 6 (9.1) 5 (10.6) 1 (5.3) >0.9

AKI requiring CVVH 20 (30.3) 16 (34.0) 4 (21.0) 0.3

Spinal cord injury/paraplegia 2 (3.0) 1 (2.1) 1 (5.3) 0.069

Permanent CVA 3 (4.5) 1 (2.1) 2 (10.5) 0.2

Lower limb ischaemia 2 (3.0) 1 (2.1) 1 (5.3) 0.5

Group A: age at surgery <70 years; group B: age at surgery ≥ 70 years; ITU, Intensive Therapy Unit; LOS, Length of stay; CO, Cardiac Output; AKI, Acute Kidney Injury; CVVH,

Continuous Veno-Venous Haemofiltration; CVA, Cerebrovascular Accident. Data are reported as mean (SD) for numerical variables and as count (%) for categorical variables.

circulatory arrest time with a selective antegrade trivascular

cerebral perfusion was significantly higher in group A (30

±6.1min in group A vs. 25.5 ± 7.9min in group B, P = 0.046).

Postoperative outcomes are summarized in Table 3. 30 days

mortality was 10.6% for the entire cohort of patients (6.4% in

group A vs 21% in group B, P = 0.1). Cumulative in-hospital

mortality was 13.6% (8.5% in group A vs. 26% in group B, P

= 0.11). No differences were found in terms of postoperative

CVA (2.1% in group A vs. 10.5% in group B, P = 0.2), spinal

cord injury (2.1% in group A vs. 5.3% in group B, P = 0.069)

and AKI requiring hemodialysis (34% in group A vs. 21% in

group B, P = 0.3). Also, the incidence of reopening for bleeding

(10.6 vs. 5.3%, P=0.7), deep sternal wound infection (8.5 vs.

15.8%), respiratory failure requiring tracheostomy (25.5 vs

36.8%, P=0.4), and laryngeal nerve palsy (10.6 vs. 5.3%) did not

differ among the two groups.

Overall survival for the entire cohort at 3, 6, 12, and 24

months was 85, 80.3, 76.5, and 74.4% respectively (Figure 2).

Survival rates by group were 91 vs. 73.7% at 3 months, 85.6 vs.

68% at 6 months, 79.9 vs. 68% at 12 months, and 77 vs. 68% at

24 months, all group A vs. group B, respectively (Figure 3).

The multivariable Cox proportional hazard model (Table 4)

showed left ventricular ejection fraction (HR: 0.83, 95%CI: 0.79–

0.92, p < 0.01), peripheral vascular disease (HR: 15.8, 95% CI:

3.9–62.9, p < 0.01), coronary malperfusion (HR: 0.10, 95% CI:

0.01-0.77, p=0.03), lower limbs malperfusion (HR: 5.1, 95% CI:
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FIGURE 2

Kaplan-Meier survival curve for the overall surgical population.

1.10–23.4, p = 0.04), and cardiopulmonary bypass time (HR:

1.02, 95% CI: 1 – 1.04, p = 0.01) as independent predictors of

long term mortality.

All survived patients underwent clinical and imaging follow-

up until May 2022. According to our protocol, a postoperative

CT angiogram was planned at 3, and 12 months after surgery

and once yearly for the following 2 years. During this

period, 11 patients required further aortic interventions: 10

patients (eight in group A and two in group B) underwent

endovascular extension of the stent graft (TEVAR) using Relay

Plus (Terumo Aortic, Scotland) covered endograft due to partial

false lumen thrombosis/negative aortic remodeling as defined by

Shesthra et al. (12). One patient developed a pseudoaneurysm

at the level of proximal anastomosis which was successfully

treated by positioning a vascular plug percutaneously under

fluoroscopy via the right femoral artery. Freedom from aortic

reinterventions for the entire cohort at 6, 12, and 24 months

was 97, 92.2, and 80.6%, respectively (Figure 4); if considered

by the group, freedom from aortic re-intervention rate was

97.9 vs. 100% at 6 months, 88.8 vs. 100% at 12 months

and 78.1 vs. 88.2% at 24 months, all group A vs. group B,

respectively (Figure 5).

Discussion

There is an ongoing discussion about the most appropriate

management of the aortic arch in the context of ATAAD, and

particularly whether the FET technique should be consistently

and systematically employed to treat these patients regardless

of the primary involvement of the arch itself in the pathologic

process. Our series proves that systematic use of the FET

technique in an emergency setting to treat patients with ATAAD

is feasible with good short-term and mid-term outcomes. In

our study, 30-days and in-hospital mortality, CVA, and spinal

cord injury were overall satisfactory and in line with the

range reported in a contemporary review of literature recently

published by our group where the FET technique was used as a

surgical procedure in such complex setting (15). These results

are even superior if compared to the data reported by recent

Frontiers inCardiovascularMedicine 07 frontiersin.org

https://doi.org/10.3389/fcvm.2022.997961
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org


Chivasso et al. 10.3389/fcvm.2022.997961

FIGURE 3

Kaplan-Meier survival curves between the two groups. Group A: age at surgery <70 years; group B: age at surgery ≥ 70.

reports of international registries where a more conservative

approach with ascending aorta and hemiarch replacement was

employed (3–5, 9).

Our experience with FET using Thoraflex hybrid in an

emergency setting has been overall satisfactory; technical success

was achieved in all patients. We did not pay attention to

the physiological learning curve of this systematic approach

in an acute setting with bad surgical results even in the first

part of our experience. Correct cerebral perfusion during the

hypothermic circulatory arrest is one of the main aspects

determining neurological outcomes. As already reported, we

believe that our peculiar “debranching first” strategy, as

well as the trilateral selective antegrade cerebral perfusion

during a moderate hypothermic circulatory arrest, is important

to explain our particularly satisfactory results in terms of

neurological complications, with a low overall incidence of

permanent stroke (4.5%) compared to data from similar studies

(36). This peculiar strategy allows uniform cerebral perfusion

throughout the operation, except for the brief time needed

for LCCA and LSA anastomosis, thus minimizing the cerebral

ischemia time.

In our opinion, the claimed technical difficulties of this

technique should not stop surgeons from adopting this surgical

strategy in an acute setting, especially if a specialized centre

with a high volume of aortic surgery is identified on a regional

basis to receive and treat acute aortic syndrome (40–42). From

a technical point of view, we believe that the FET hybrid

prostheses, such as Thoraflex hybrid help to reduce the risk

of aortic arch surgery in this context, by avoiding the need of

performing a challenging distal anastomosis deeply at the level of

the proximal DTA, where the risk of bleeding or rupture mainly

due to the fragile dissected aortic wall is extremely high. Several

authors, adopting systematically this strategy in an emergency

setting, have stressed the importance of a hybrid prosthesis to

face this challenging scenario (43).

Moreover, many patients affected by ATAAD present with

distal aorta malperfusion due to the true lumen compression by

the false lumen; in these cases, the FET technique can potentially
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TABLE 4 Multiple Cox PH model for long-term survival.

Characteristics HR 95% CI P-value

Left ventricular ejection fraction 0.85 0.78–0.92 <0.01

Peripheral vascular disease 15.8 3.9–62.9 <0.01

Coronary malperfusion 0.10 0.01–0.77 0.03

Lower limb malperfusion 5.1 1.10–23.4 0.04

Cardiopulmonary bypass time 1.02 1.00–1.05 0.01

FIGURE 4

Kaplan-Meier freedom from aortic reoperations curve for the overall surgical population.

re-expand the compressed true lumen and cover supplementary

entry tears at the level of the proximal DTA, which may well

sustain pressurization of the false lumen, thus reverting the

malperfusion and improving surgical outcomes (44).

It is well-known that aortic dissection is a progressive

disease and the natural history of the distal false lumen

of the aorta following a primary procedure of ascending

aorta or hemiarch replacement may lead to degeneration,

aneurysm, and/or rupture, thus requiring additional extensive

interventions. Data from large registries and recent literature

suggest that in 60 to 90% of cases, a negative remodeling

of the distal aorta takes place, to the extent of requiring

second-stage endovascular or open surgical completion. In

acute dissection, the FET technique can reduce DTA dilatation

by bringing both coverages of secondary entry tears located

in the proximal DTA and obliteration of the false lumen at

the proximal DTA, thus reducing aortic-related deaths and

the requirement for challenging distal aortic reinterventions

(45–49). In our series, only 11 patients have required further

aortic interventions: 10 patients underwent endovascular

extension of the stent graft (TEVAR) using Relay Plus (Terumo

Aortic, Scotland) covered endograft due to partial false lumen

thrombosis, and 1 patient developed a pseudoaneurysm at

the level of proximal anastomosis which was successfully

treated by positioning a vascular plug percutaneously under

fluoroscopy via the right femoral artery. This aspect supports

the idea that the rate of aortic reintervention is lower if

compared to conventional conservative treatment. Also, the

rate of success for those patients was 100%, mainly due

to less complex endovascular procedures when a hybrid
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FIGURE 5

Kaplan-Meier freedom from aortic reoperation curves between the two groups. Group A: age at surgery <70 years; group B: age at surgery ≥70.

vascular prosthesis has been implanted during the first

surgical treatment.

In a recent paper, Beckmann et al. (50) have reported the

results of a series of patients treated for non-urgent total aortic

arch replacement using the FET technique. In their study worse

perioperative mortality and morbidity as well as long-term

survival was proved in septuagenarians than in younger patients.

For this reason, to better clarify the impact of age on our cohort

of patients, we have divided our study population into two

groups: group A <70 years old and group B ≥70 years old. Our

results showed no significant differences both for primary and

secondary outcomes, thus supporting the thesis that in an acute

setting, the age above 70 years old on its own does not impact

negatively on perioperative outcomes and demonstrating that

the use of FET in this setting is safe and effective even in the

elderly population.

Although deeper evidence on long-term benefits is still

needed, we believe that patients presenting with ATAAD should

be at least considered for surgical treatment using the FET

technique. Surely, the condition of the patient must be taken into

account in deciding which approach should be adopted to treat

this condition. In fact, even if the anatomy of the dissection is

suitable, total arch replacement may be not indicated, such as

in significantly elderly patients or in particularly poor clinical

conditions with signs and symptoms of systemic malperfusion

(18). In this regard, our subanalysis based on Penn classification

showed that patients in class Ac and Abc, presenting with poor

haemodynamic conditions, had worse outcomes if compared to

patients in class Aa and/or Ab; particularly, 30 days and in-

hospital mortality were significantly higher in class Ac and Abc

(see Supplementary Table E1).

Study limitations

The main limitation of this study is related to the

retrospective and single-center nature of the study.

Moreover, the small number of patients included in this

study represents a limitation in terms of statistical power and

possible generalization of the results.

Conclusion

Hybrid aortic arch and FET repair with the ThoraflexHybrid

graft to systematically treat emergency type A aortic dissection

appears to be associated with good early- and mid-term clinical

outcomes even in the elderly. Our perfusional strategy with a

single pump and head vessel reimplantation as the last step

has proved to offer highly effective cerebral protection while
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optimizing the heart and body ischemic time. Moreover, by

inducing distal false lumen obliteration and thrombosis, the

FET technique is likely to reduce the need for secondary

procedures. Further studies to better clarify late complications

are still needed.
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