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In-hospital mortality was 19.6 % (twenty-three patients); 
11.1 % in patients with elective/urgent indication and 
66.6 % in emergency cases. Mortality rates for isolated 
proximal, distal and combined operations regardless of the 
emergency setting were 14.1 % (10 pts.), 25.8 % (8 pts.) 
and 33.3 % (5 pts.), respectively. The causes of death were 
cardiac in eight, neurological in three, MOF in five, sepsis 
in two, bleeding in three and lung failure in two patients. 
A multivariate logistic regression analysis revealed that 
risk factors for mortality included previous distal pro-
cedure (p = 0.04), new distal procedure (p = 0.018) and 
emergency operation (p < 0.001). New proximal proce-
dures were not found to be risk factors for early mortal-
ity (p = 0.15). This multicenter experience shows that the 
outcome of REAAD is highly dependent on the localiza-
tion and extension of aortic pathology and the need for 
emergency treatment. Surgery in an emergency setting and 
distal re-do operations after previous AAD remain a sur-
gical challenge, while proximal aortic re-operations show 
a lower mortality rate. Foresighted decision-making is 

Abstract This study provides early results of re-operations 
after the prior surgical treatment of acute type A aortic 
dissection (AAD) and identifies risk factors for mortality. 
Between May 2003 and January 2014, 117 aortic re-opera-
tions after an initial operation for AAD (a mean time from 
the first procedure was 3.98 years, with a range of 0.1–
20.87 years) were performed in 110 patients (a mean age of 
59.8 ± 12.6 years) in seven European institutions. The re-
operation was indicated due to a proximal aortic pathology 
in ninety cases: twenty aortic root aneurysms, seventeen 
root re-dissections, twenty-seven aortic valve insufficien-
cies and twenty-six proximal anastomotic pseudoaneu-
rysms. In fifty-eight cases, repetitive surgical treatment was 
subscripted because of distal aortic pathology: eighteen 
arch re-dissections, fifteen arch dilation and twenty-five 
anastomotic pseudoaneurysms. Surgical procedures com-
prised a total of seventy-one isolated proximals, thirty-
one isolated distals and fifteen combined interventions. 
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needed in cases of AAD repair, as the results are essential 
preconditions for further surgical interventions.

Keywords Reoperation · Aortic valve replacement · 
Ascending aorta replacement

Abbreviations
AAD  Acute type A aortic dissection
AVR  Aortic valve replacement
BMI  Body mass index
BSA  Body surface area
CABG  Coronary artery bypass grafting
COPD  Chronic obstructive pulmonary disease
EF  Ejection fraction
FET  Frozen elephant trunk
ET  Elephant trunk
ICU  Intensive care unit
LOS  Length of stay
MOF  Multiorgan failure
REAAD  Re-do operation after acute type A aortic 

dissection
TEVAR  Thoracic endovascular aortic repair
VAD  Ventricular assist device

Introduction

Despite improved health care, including more expeditious 
referral to surgery, more fitting surgical techniques and bet-
ter ICU treatment and surgery for acute type A dissection 
(AAD) continue to remain challenging [1–4]. During emer-
gency surgery for acute type A aortic dissection (AAD), 
goals for successful treatment include restoration of the 
aortic valve function, treatment of malperfusion and resec-
tion of the proximal intimal tear. Moreover, in this context, 
of crucial importance is the extent of aortic resection to 
be performed to prevent future re-operations. In fact, un-
removed tissue might predispose the patient to false lumen 
enlargement and, therefore, aneurysms, anastomotic pseu-
doaneurysm, re-dissection and aortic valve incompetence 
as a consequence of root dilatation. On the other hand, a 
more radical procedure including root and arch replace-
ment may increase the technical complexity of this emer-
gency operation with possible additional operative risk. 
In this context, a number of studies on the risk factors of 
re-operation have identified subgroups of patients in whom 
an aggressive approach can be justified and, therefore, 
preferred [5–7]. However, the literature lacks prospective 
studies proving a favorable outcome after a more aggres-
sive approach in this subset of patients rather than a con-
servative approach. In this setting, re-operation after AAD 
will still continue to be a concern and a burden for patients 
who survive the first operation and a surgical challenge for 

surgeons who must deal with the re-do. Until now, a small 
number of single-center studies [8, 9] has focused on re-
operations after AAD, and no multicenter investigation has 
reported on a stratification of the operative risk for mortal-
ity after re-operation. Therefore, the aim of this study is to 
report outcomes and risk factors for mortality in redo surgi-
cal procedures after a prior operation for AAD from a mul-
ticenter European database, including a reasonable number 
of patients with different surgical approaches.

Patients and methods

This is an analysis of 110 consecutive patients who were 
operated on between May 2003 and December 2013, 
in seven sites of real-word practice in Europe (Italy: five 
centers and Germany: two centers). Data regarding demo-
graphic variables, type of first operation, indication for 
re-operation, type of re-do and postoperative outcomes 
were retrospectively retrieved from individual institutional 
databases and entered in the REAAD database (re-do after 
acute type A aortic dissection) at the University Hospi-
tal of Muenster. The ethical committee of the University 
of Muenster approved the study, and patient consent was 
waived. The study population consisted of ninety-one males 
and nineteen females with a mean age of 59.8 ± 12.6 years 
(range 25–88 years). The baseline patient characteristics 
are shown in Table 1. All patients who survived the first 
operation and underwent a second surgical aortic procedure 
or aortic valve surgery were included. Patients who under-
went endovascular procedures without second surgery as 
well as patients who underwent heart surgery for causes 
not related to the first operation, like isolated CABG, mitral 
valve surgery, VAD implantation etc., were excluded. 
Moreover, patients primarily operated on for chronic aortic 
dissection were also excluded. The main end-point of this 
study was in-hospital mortality. Other endpoints included 
major complications, length of hospital stay (LOS) and 
length of intensive care unit stay (ICU stay).

Statistical analysis

Continuous variables are presented as mean ± SD and cat-
egorical variables are expressed as frequencies. Potential 
risk factors for in-hospital mortality, including the preop-
erative risk factors of patients such as age, hypertension, 
diabetes mellitus, peripheral vascular disease, chronic 
obstructive pulmonary disease, congestive heart failure, 
renal insufficiency coronary artery disease and Marfan’s 
syndrome were entered in the univariate and multivariate 
logistic regression. The dependent variable of the logis-
tic model was the in-hospital mortality. This included any 
death that occurred during the initial hospitalization until 
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discharge. Variables entered in the model included the fol-
lowing surgical variables: ischemic time, cardiopulmonary 
bypass time, surgical technique and the type of first pro-
cedure. The indication for the re-operation and the time 
interval between the two procedures were also analyzed. 
A univariate analysis was first performed. Variables with 
p < 0.2 were included in a multivariable logistic model 
regression analysis using stepwise selection to determine 
the independent predictors of in-hospital mortality. The 
discrimination achieved was assessed with the C statistic, 
which is equivalent to the area under the receiver operating 
characteristic curve. C statistical values of 1.0 indicate per-
fect discrimination between survivors and deaths, whereas 
values of 0.5 indicate random discrimination. Moreover, 
the performance of the model was verified with a Hosmer–
Lemeshow test. A p value <0.05 was considered statisti-
cally significant. Data analysis was performed using Excel 
2010 (Microsoft, Redmond, WA, USA) and commercially 
available statistical software packages (SPSS for Windows, 
Version 15.0, SPSS, Inc., Chicago, IL, USA).

Results

Operative procedures for initial repair and indication 
for re‑operation

The most frequent initial procedure was replacement of 
the ascending aorta with aortic valve resuspension in more 
than the half of the entire cohort—sixty-seven (57.26 %, 67 
pts.). A more aggressive approach regarding the proximal 
aorta was performed in twenty-two patients consisting in 
root replacement either with a valve-sparing procedure (two 
patients) or with the Bentall operation (twenty patients). 
Distal procedures were conducted in less than one-third 
of the patients (twenty-seven patients—23.08 %), includ-
ing partial arch replacement in ten patients and total arch 
replacement with and without elephant trunk procedure in 
six and ten patients, respectively. Data are shown in Table 1.

After a mean time from the first procedure for AAD of 
3.98 years (range 0.1–20.87), a total of 117 aortic re-oper-
ations were performed in 110 patients (with a mean age of 
59.8 ± 12.6 years), four patients had a second re-operation 
and one patient even a fourth re-operation. In two patients, 
AAD presented the first time after a previous cardiac opera-
tion not related to aortic procedures. Proximal re-operation 
was required due to the following causes: an aortic root 
aneurysm in twenty patients, a root re-dissection in sev-
enteen, an aortic valve insufficiency in twenty-seven and a 
proximal anastomotic pseudoaneurysm in twenty-six. Two 
cases of proximal pseudoaneurysms were due to a prosthe-
sis infection.

Distal causes for re-operation were arch re-dissection in 
eighteen patients, arch dilatation in fifteen and anastomotic 
pseudoaneurysm in twenty-five. A total of fifteen patients 
(10.82 %) were referred to surgery due to late complica-
tions proximally involving the aortic root or immediately 

Table 1  Baseline patient characteristics of the entire cohort

% are obtained on the basis of isolated proximal procedures

BMI body mass index, COPD chronic obstructive pulmonary disease, 
ET elephant trunk

Variables Patients (n = 110)

Baseline patient characteristics

 Age, mean ± SD 59.8 ± 12.64

 Age >70 years (%) 31 (26.50)

 Sex, female (%) 19 (17.27)

 BMI, mean ± SD 26.44 ± 3.12

 BMI >30 (%) 14 (11.97)

 Low EF 50–30 (%) 8 (6.84)

 Poor EF <30 (%) 4 (3.42)

 Hypertension (%) 106 (90.60)

 Diabetes mellitus (%) 12 (10.26)

 COPD (%) 15 (12.82)

 Chronic renal failure (%) 8 (6.84)

 Marfan 8 (6.84)

 Ehlers–Danlos 3 (2.56)

 Elective 67 (57.26)

 Urgency 32 (27.35)

 Emergency 18 (15.38)

 Time interval between initial repair and 
re-do (years) mean ± SD

3.98 (4.04)

 Time interval <1 year (%) 22 (18.80)

 Time interval <5 years (%) 78 (66.67)

 Time interval <10 years (%) 106 (90.60)

 Time interval >10 years (%) 11 (9.40)

Initial surgical procedures Procedures (n = 117)

 Ascending aortic replacement with aortic 
valve resuspension

67 (57.26)

 Ascending aortic replacement and separate 
aortic valve replacement

2 (1.71)

 David procedure 2 (1.71)

 Composite aortic root replacement (modi-
fied Bentall procedure)

19 (17.09)

 Composite aortic root replacement (modi-
fied Bentall procedure) and partial arch 
replacement

1 (0.85)

 Ascending aortic replacement and partial 
arch replacement

9 (7.69)

 Ascending aortic replacement and total arch 
replacement

11 (9.40)

 Ascending aortic replacement with total arch 
replacement and ET

6 (5.13)
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above the sinotubular junction, and distally to the prosthe-
sis material. A total of eighteen patients (15.38 %) were 
operated on in an emergency setting, whereas thirty-two 
patients were urgently referred to surgery.

Procedures performed at the time of redo, in‑hospital 
mortality, major complications and risk factors 
for mortality

There were twenty-three (19.6 %) in-hospital deaths, of 
which eleven had undergone emergency and two urgent oper-
ations. The overall mortality rate among elective or urgent 
operations was 11.1 %, whereas it was 66.6 % in the emer-
gency setting. Mortality rates for isolated proximal, distal 
and combined operations regardless of the emergency setting 
were 14.1 % (10 pts.), 25.8 % (8 pts.) and 33.3 % (5 pts.). 
Figures 1 and 2 schematize the mortality rates according to 
the setting (emergency vs. elective) and to the performed 
procedure. The causes of death were cardiac in eight, neuro-
logical in three, MOF in five, sepsis in two, bleeding in three 

and lung failure in two patients. Univariate and multivari-
ate logistic regression analyses revealed that risk factors for 
mortality were emergency operations (p < 0.001, odd 15.4), 
previous distal procedures including total arch replacements 
with or without elephant trunk (p = 0.04, odd 5.3) and new 
distal procedures (p = 0.018, odd 4.4). Neither new proximal 
procedures nor initial ascending aortic replacements with 
partial hemi-arch replacements were found to be risk factors 
for early mortality (p = 0.15, and p = 0.84, respectively). 
The p value of the Hosmer–Lemeshow test was 0.17, and C 
statistic for the fitted logistical regression model was 0.88 
(p < 0.001), indicating that the model fit was excellent.

The incidence of low output syndrome, neurologi-
cal events, renal failure, respiratory failure and bleeding 
requiring re-operation, was 11.9 % (14 pts.), 11.1 % (13 
pts.), 9.4 % (11 pts.), 12.7 % (15 pts.) and 17.9 % (20 pts.), 
respectively. The mean ICU stay and mean hospital stay 
were 9.79 ± 13.71 and 17.68 ± 15.14 days.

Proximal procedures

The rate of proximal procedures at the time of re-do was 
higher than distal and combined procedures with 60.6 % (71 
procedures) vs. 26.4 % (31), vs. 12.8 % (15), respectively. 
Ascending aortic replacement with aortic valve resuspension 
was the most frequently used procedure at the time of the 
first surgery (59.1 %). Eleven patients (15.4 %), who under-
went more aggressive procedures the first time, including an 
aortic valve replacement, a valve-sparing operation and the 
Bentall procedure, underwent new proximal procedures.

The most frequent proximal procedure during re-do was 
the composite aortic root replacement (the Bentall pro-
cedure) (56.3 %, 40 operations), followed by an isolated 
aortic valve replacement (13 pts. 18.3 %) and an ascend-
ing aortic replacement (12.6 %). Table 2 shows in detail the 
operative procedures at the time of re-operation as well as 
the time of the initial repair for AAD.

The mortality rates for the isolated proximal operations 
regardless of the emergency setting were 14.1 % (10 pts.). 
Seven out of ten deaths were reported after emergency 
operations. The mortality rate for isolated proximal proce-
dures in elective or urgent settings was 6 % (3 pts. out 60).

Distal procedures

A total of thirty-one patients underwent isolated distal pro-
cedures. The most frequent distal procedure at the time of 
re-operation was total arch replacement (19 pts. 61.2 %), fol-
lowed by frozen elephant trunk in seven patients (22.5 %), 
(Table 3). Ascending aortic replacement with an aortic valve 
resuspension was the most frequently used procedure at the 
time of the first surgery—64.5 %—and distal repair. Of note, 
none of the patients that underwent late distal repair received 

Fig. 1  Figure illustrates the mortality rates according to the setting 
(emergency vs elective)

Fig. 2  Figure schematizes the mortality rates according to the proce-
dure performed
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initial arch procedures (Table 3). Mortality rates for distal 
regardless of the emergency setting was 25.8 % (8 pts.). The 
mortality rate for isolated distal procedures in elective or 
urgent settings was 14.8 %. All patients (4 pts.) that under-
went emergency distal repair died.

Combined procedures

A total of fifteen patients underwent combined procedures, 
consisting of concomitant proximal and distal repair. The most 
frequent combined procedures at the time of re-operation were 
the Bentall procedure with total arch replacement (3 pts.) and 
a more conservative approach including proximal and distal 
patch reconstruction (3 pts.). Ascending aortic replacement 
with aortic valve resuspension was, as reported for proximal 
and distal late procedures, the most frequently used procedure 
at the time of the first surgery—64.5 %. The mortality rate 
was 33.33 % in both elective and emergency settings. Table 4 
shows in detail the operative procedures at the time of re-oper-
ation as well as the time of the initial repair for AAD.

Discussion

The aim of this multicenter study was to report on out-
comes and stratification of mortality risk of re-do after 

prior AAD repair. To our best knowledge, this is the first 
multi-institutional report with a reasonable number of 
patients and procedures.

When performing AAD repair, a solution that satisfies two 
main goals has to be achieved. The first and most important 
one is to save the patient’s life by performing a safe operation; 
the secondary aim is to guarantee long-term freedom from re-
operations. It is certainly more difficult to achieve both goals 
in an emergency setting than in an elective one. Supracoronary 
replacement of the ascending aorta with root reconstruction is 
one of the most commonly adopted conservative approaches 
used during surgery for AAD. The drawback of this conserva-
tive technique is that the remaining aortic wall might predis-
pose the patient to proximal or distal aneurysm formation as 
well as re-dissection, requiring re-operation on the aortic root 
or arch during the late postoperative period. On the other hand, 
a more time-consuming and surgically demanding opera-
tion with a more aggressive approach (including composite 
root replacement or/and arch replacement with or without 
elephant trunk) must be weighed against potential long-term 
failure of the conservative technique. In this setting, whether 
or not to be aggressive is a subject of debate. In this context, 
many authors have advocated a more systematic aggressive 
approach in view of risk of late operations [10]; some others, 
instead, suggest a more aggressive approach only in some sub-
sets of patients that present risk factors for re-operations [5, 6, 

Table 2  The table displays in 
details the proximal operative 
procedures at time of re-do 
operation, in the second part 
of table are shown the initial 
operations of the late proximal 
procedures

% are obtained on the basis of isolated proximal procedures

BMI body mass index, COPD chronic obstructive pulmonary disease, ET elephant trunk

Proximal re-do Procedures (n = 71)

Ascending aortic replacement 9 (12.6 %)

David procedure 4 (5.6 %)

Composite aortic root replacement (modified Bentall procedure) 40 (56.3 %)

Isolated aortic valve replacement 12 (16.9 %)

Patch + AVR 1 (1.4 %)

Direct suture 2 (2.8 %)

Patch reconstruction 1 (1.4 %)

Ostial procedure 2 (2.8 %)

Additional procedures

 CABG 6 (8.4 %)

 Mitral valve replacement 2 (2.8 %)

Initial operation of the late 71 proximal procedures

 Ascending aortic replacement with aortic valve resuspension 42 (59.1 %)

 Ascending aortic replacement and separate aortic valve replacement 2 (2.8 %)

 David procedure 1 (1.4 %)

 Composite aortic root replacement (modified Bentall procedure) 8 (11.2 %)

 Composite aortic root replacement (modified Bentall procedure) and partial arch 
replacement

0 (0 %)

 Ascending aortic replacement and partial arch replacement 7 (9.8 %)

 Ascending aortic replacement and total arch replacement 7 (9.8 %)

 Ascending aortic replacement with total arch replacement and ET 4 (5.6 %)
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8, 11, 12]. In this setting, an extensive report on re-operations 
after first repair for AAD can help surgeons to tailor the bet-
ter strategy during the initial operation not only on the basis 
of the long-term outcome after first repair, but also in view of 
outcomes of a further eventual re-operation.

Proximal procedures

In the current report, the rate of proximal procedures was 
higher than distal and combined procedures 60.67 % (71 

procedures) vs. 26.49 % (31) vs. 12.81 % (15). Mortal-
ity rate for proximal operations was 14.08 % (10 pts.); 
of them, 7 deaths were reported after emergency opera-
tion. Those results regarding the proximal aorta resemble 
the outcome obtained by Estrera et al. [9]. In his report 
including 63 proximal re-operations after first repair for 
AAD, mortality rate was 11 %. The little difference with 
our results can be explained by the higher emergency refer-
ral of our patients (15.49 % for proximal procedures vs. 
8 % in the group of Estrera). In another study, including 

Table 4  The table displays in 
details the combined operative 
procedures at time at re-do, 
in the second part of table are 
shown the initial operations 
of the combined proximal 
procedures

ET elephant trunk. % are obtained on the basis of combined procedures

Combined re-do Procedures (n = 15)

Composite aortic root replacement (modified Bentall procedure) + partial arch 
replacement

2 (13.3 %)

Bentall procedure + total arch replacement 3 (20.0 %)

Bentall procedure + total arch replacement and ET 2 (13.3 %)

Patch prox. + ostial procedures + ET 1 (6.6 %)

Proximal and distal patch reconstruction 3 (20.0 %)

Aortic valve replacement and distal patch 1 (6.6 %)

Aortic valve and ascending replacement + ET 1 (6.6 %)

Ascending aortic replacement + debranching 1 (6.6 %)

Ascending aortic replacement + arch +proximal descendens replacement 1 (6.6 %)

Initial procedure of the late 15 combined procedures

 Ascending aortic replacement with aortic valve resuspension 5 (33.3 %)

 David procedure 0 (0 %)

 Composite aortic root replacement (modified Bentall procedure) 1 (6.6 %)

 Composite aortic root replacement (modified Bentall procedure) and partial arch 
replacement

1 (6.6 %)

 Ascending aortic replacement and partial arch replacement 2 (13.3 %)

 Ascending aortic replacement and total arch replacement 4 (26.6 %)

 Ascending aortic replacement with total arch replacement and ET 2 (13.3 %)

Table 3  The table displays in details the distal operative procedures at time of re-do, in the second part of table are shown the initial operations 
of the late distal procedures

ET elephant trunk, FET frozen elephant trunk. % are obtained on the basis of isolated distal procedures

Distal re-do Procedures (n = 31)

Partial arch replacement 1 (3.2 %)

Total arch replacement 19 (61.2 %)

Total arch replacement and ET 3 (9.6 %)

Total arch replacement with FET 7 (22.5 %)

Proximal aorta descendens replacement 1 (3.2 %)

Initial operation of the late 31 distal procedures N (%)

Ascending aortic replacement with aortic valve resuspension 20 (64.5 %)

David procedure 1 (3.2 %)

Composite aortic root replacement (modified Bentall procedure) 10 (33.3 %)

Composite aortic root replacement (modified Bentall procedure) and partial arch replacement 0 (0 %)

Ascending aortic replacement and partial arch replacement 0 (0 %)

Ascending aortic replacement and total arch replacement 0 (0 %)

Ascending aortic replacement with total arch replacement and ET 0 (0 %)
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58 patients who underwent root or ascending after prior 
aortic valve or ascending aortic replacement, Silva et al. 
[13] reported comparable results to our data (mortality 
rate by 12 %). To remark the theory that a first conserva-
tive approach on the aortic root should be preferred, Moon 
et al. [14] found that a more aggressive strategy neither 
eliminated the risk of proximal operations nor reduced the 
rate of potential valve-related complications. Additionally, 
in our last report [5] including 319 consecutive patients 
who underwent replacement of the ascending aorta with 
preservation of the aortic root after AAD, we found, after 
23-year follow-up, freedom from re-operation of 97, 92, 
and 82 % patients at 5, 10, and 23 years, respectively. Thus, 
a conservative approach regarding the root seems to be the 
preferable solution in light of the lower perioperative mor-
tality, the long freedom from proximal re-operation and an 
acceptable mortality rate in case of re-operation.

Distal procedures

Multivariate logistic regression analysis revealed that risk 
factor for mortality beside emergency operation (p < 0.001, 
odd 15.4) was new aggressive distal procedure (includ-
ing total arch with or without elephant trunk procedure), 
whereas hemi-arch replacement was not found to be a risk 
factor for early mortality. None of the patients who under-
went late isolated distal repair received initial arch proce-
dures (including hemi-arch, total arch with or without ele-
phant trunk). Thus, one can speculate that the first repair 
was too minimalist and that the possibility of a re-operation 
would have been better avoided in light of a higher mor-
tality (25.81 %—8 pts.) compared to the proximal proce-
dures. All emergency cases (4 pts.) that required a distal 
procedure died. On the other hand, distal mortality rate in 
elective setting was of 14.80 %. Our results are consist-
ent with those reported by Rylski et al. In his study [15], 
six patients (4 were emergency cases) out of twenty-eight 
(mortality 21.42 %) did not survive the surgery or the early 
postoperative period. In his study, twenty-four patients 
underwent distal open aortic repair and four patients under-
went the endovascular approach. In another report by the 
same author [12], all emergency cases died, whereas all 
elective cases survived surgery. Of note, in this study, six 
patients (50 %) underwent thoracic endovascular aortic 
repair (TEVAR), three patients (25 %) a hybrid approach 
by means of debranching and only three patients under-
went complete surgical repair. Those two studies, in con-
junction with our report, highlight the potential advantages 
of the endovascular repair. Furthermore, in another study, 
Rylski et al. [16] compared the outcomes of endovascular 
re-intervention (n. 54 pts.) versus re-do (distal open repair 

n. 84 pts.) in patients after surgery for AAD. They found an 
in-hospital mortality rate for the open group and the endo-
vascular group of 23 % vs 0 % (p = 0.01), respectively. 
Of note, we reported similar results concerning the distal 
re-dos (21.42 %).

Another important issue emerging from this study and 
from the above-mentioned reports regards the poor out-
come in emergency situations. In this setting, a strict CT 
follow-up is of utmost importance to plan elective surgery 
and reduce mortality. Moreover, a stricter follow-up is even 
more necessary in patients with known risk factors for re-
operations [5, 6, 17].

Another interesting finding of our study after the multi-
variate regression adjustment concerned the previous distal 
procedure. Previous total arch replacement with or without 
elephant trunk was found to be a risk factor for mortality, 
whereas previous hemi-arch replacement was not found to 
be a risk factor for early mortality. A possible explanation 
might reside in a more complex operative field. Thus, the 
more complex the initial operation was, the more complex 
the re-operation is. Our analysis, however, does not take 
into account the last advancements in the arch surgery since 
no patient of our cohort initially underwent FET. In this set-
ting, it is out of debate that frozen elephant trunk allows the 
adaptation of the false lumen to the true one. Shrestha et al. 
[10] reported a freedom of distal re-operation of 100 % 
after a mean follow-up of forty months—those results are 
promising. However, as specified by the authors, such a 
strategy is not appropriate in all AADA cases; it should be 
implemented only in experienced centers and only if abso-
lutely necessary. Moreover, they recommended this proce-
dure for experienced surgeons with at least twenty elective 
FET implantations before he/she starts with such an opera-
tion in an acute dissection patient.

Interestingly, neither previous hemi-arch replacements 
nor new hemi-arch replacements were a risk factor for 
mortality after re-operation. In conjunction with this find-
ing, other studies [14–16] have found high freedom from 
distal re-operation when a hemi-arch surgery is performed. 
The partial resection of the lesser curvature of the arch in 
conjunction with the resection of the clamp site can stabi-
lize the entire aortic wall and confer an advantage, prevent-
ing distal re-operation. Moon et al. [14] found that none of 
the thirty-four patients who survived hemi-arch replace-
ment required an anterior re-operation. Moreover, hemi-
arch replacement showed a trend towards better freedom 
from re-operation, but the difference did not reach statisti-
cal significance. Rylski et al. [15] showed that aggressive 
arch replacement in 534 patients was associated with a low 
in-hospital mortality after AAD repair (12 %) and high 
freedom from distal aortic re-intervention (over 85 % at 
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ten years). Kim et al. [18] found a significantly better sur-
vival rate and freedom from neurological injury in patients 
receiving hemi-arch replacement when compared with 
patients who underwent total arch replacement for repair of 
DeBakey AAD. As reported in our study, arch replacement 
performed the first time or at the time of re-operation was, 
after multivariate adjustment, an independent risk factor for 
mortality, whereas both a previous hemi-arch replacement 
and a new hemi-arch replacement were not. These findings 
and the previously mentioned studies underline the impor-
tance of the hemi-arch technique.

The hemi-arch technique seems to be a compromise 
solution resulting in a lower incidence of distal procedures 
and an acceptable mortality regarding initial and late opera-
tion. Put briefly, a minimalist approach concerning not only 
the proximal aorta but also the arch by means of a hemi-
arch replacement at the time of the first repair neither con-
stitutes a risk factor for mortality the first time [14], nor at 
the time of the re-do.

Limitations of this study

The main limitation of the current report lies in its retro-
spective design. Moreover, re-operation rates have not 
been calculated since not all patients underwent prior AAD 
repair in the same center. This increases the diversity and 
variety of procedures that were performed. Although we 
attempted to account for factors that changed during this 
period (the year of operation and center), some issues may 
not be reflected in the multivariate analysis. However, 
this variety can also be considered an advantage, giving a 
meaningful overview of outcome in re-do after AAD. Fur-
ther studies are required to confirm these results.
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