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Introduction

Type-A aortic dissection (TAAD) emergency repair aims to
prevent death from aortic rupture or organ malperfusion.
This can be accomplished by excising the primary tear and
reestablishing blood flow into the true lumen; as the
majority of primary tears are located within the ascending
aorta (AA), supracoronary interposition graft replacement
usually suffices. Any significant aortic regurgitation (AR)
must be addressed by valve repair or replacement. Further-
more, the inspection of the aortic arch and proximal

descending aorta by performing an open distal anastomosis
under circulatory arrest and antegrade cerebral perfusion is
advised to exclude the presence of intimal tears within the
arch.1–3

Current guidelines recommend a limited operation in the
emergency setting to ensure patient survival. Aortic root
replacement (ARR) is only mandated in cases where the
primary tear is localized within the root and cannot be
repaired due to interference with the coronary and/or aortic
valve function, extensive dissection within the root, or
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Abstract Objectives Surgical repair of Type A aortic dissection (TAAD) requires exclusion of the
primary entry tear and reestablishment of flow into the distal true lumen. Provided that
the majority of tears occur within the ascending aorta (AA), replacing only that
segment seems a safe option; however, this strategy leaves the root susceptible to
dilatation and need for reintervention. We aimed to review the outcomes of the two
strategies: aortic root replacement (ARR) and isolated ascending aortic replacement.
Methods Retrospective analysis of prospectively collected data for all consecutive
patients who underwent repair of acute TAAD at our institution from 2015 to 2020 was
conducted. Patients were divided into two groups: (1) ARR and (2) isolated AA
replacement as index operation for TAAD repair. Primary outcomes were mortality
and need for reintervention during the follow-up.
Results A total of 194 patients were included in the study; 68 (35%) in the ARR group
and 126 (65%) in the AA group. There were no significant differences in postoperative
complications or in-hospital mortality (23%; p¼0.51) between groups. Seven patients
(4.7%) died during follow-up and eight patients underwent aortic reinterventions,
including proximal aortic segments (two patients) and distal procedures (six patients).
Conclusion Both aortic root and AA replacement are acceptable and safe techniques.
The growth of an untouched root is slow, and reintervention in this aortic segment is
infrequent compared with distal aortic segments, hence preserving the root could be
an option for older patients provided that there is no primary tear within the root.
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preexisting root aneurysms2 or when the dissection involves
at least one sinus of Valsalva.3

However, with this approach, hospital survivors may
require additional surgery for native root dilatation or pro-
gression of AR. In recent years, there has been an increasing
tendency toward a more extensive initial intervention with
the replacement of all dissected segments within the proxi-
mal aorta, including the root and arch.4–10

The aim of this study is to analyze early outcomes
(survival at discharge and postoperative complications)
and medium-term results (presence of residual dissection
in proximal segments and need for aortic reintervention) in
patients undergoing emergency ARR compared with AA
replacement for TAAD.

Materials and Methods

Retrospective analysis of prospectively collected data for all
consecutive patientswho underwent repair of acute TAAD in
our institution from April 2015 to December 2020 was
performed.

Two groups of interest were identified: (1) patients who
underwent ARR and (2) patientswho underwent AA replace-
ment� aortic valve replacement (AVR).

Patients with a primary and/or secondary entry tear
within the arch mandating an arch replacement were ex-
cluded from this study (n¼51).

Demographics, clinical presentation, extent of the
aortic dissection, and location of the primary tear were
analyzed.

Primary end points of the study were in-hospital mortality
and immediate postoperative complications. Secondary end
points were the presence of residual disease in the proximal
aortic segments and the need of aortic reintervention.

Data were obtained from the local cardiac surgical data-
base (Patient Advocate Tracking System, Dendrite Clinical
Systems). The study was approved by our local ethical
committee. Individual patient consent was waived due to
the anonymized nature of the data.

Statistical Methods
Continuous variables are expressed as median� interquar-
tile range, and comparison between groups was performed
with the Mann–Whitney test. Categorical variables are
expressed as percentages and compared using the Chi-s-
quare/Fisher exact test as appropriate.

Multiple logistic and Cox’s regression models were used
to identify the predictors of early and late mortality includ-
ing all the significant variables listed in the annexed tables
(cut-off at p<0.05;►Table 1). The results were expressed as
odds ratios (ORs) and hazard ratios (HRs)with corresponding
95% confidence intervals (CIs).

As the two groups were significantly different with re-
spect to their baseline characteristics, propensity score
matching (with a match tolerance of 0.05) was performed
(including the preoperative characteristics including
in ►Table 1). The matched groups were analyzed using the
methods described above.

A Kaplan–Meier survival analysis was done, comparing
the curves by the log-rank statistic.

Statistical Package for the Social Sciences 27.0 was used to
analyze the data.

Surgical Technique
All caseswere performedviamedian sternotomy. Cannulation
strategies, use of deep hypothermic circulatory arrest, and
strategies for cerebral perfusion varied among the operating
surgeon and the years of the study. That resulted in a variety of
cannulation strategies (femoral 49.5%, AA/arch 46.4%, axillary
3.1%), targeted core temperatures (mean: 21°C, range: 15–30°
C), and 24 cases done with minimal/no circulatory arrest.
When cerebral perfusion was used, the antegrade versus
retrograde route was preferred (130 vs. 5 patients).

The institutional policy recommends ARR in the presence
of a tear within the sinuses of Valsalva or at the origin of the
coronary ostia or for a root diameter � 50mm. In young
patients, those with connective tissue disorders and those
with severely diseased aortic valves, the root is replaced at a
lower diameter, according to individual criteria.

For dissected aortic root layers (but no intimal tear within
the root), the repair consists of removal of thrombus from the
false lumen and reconstruction of the tissues including two
strips of Teflon inside and outside the aortic wall and a
buttress anastomosis. We do advocate for a two-layered
anastomosis (first layer with continuous polypropylene su-
ture and the second layer with interrupted pledgeted poly-
propylene sutures) at both proximal and distal locations to
reduce the intraoperative bleeding and the midterm com-
plications of the suture line due to the persistence of entry
tears. The use of biological glue has been slowly abandoned
in our practice because of reported toxicity and associated
pseudoaneurysms.11,12

A dedicated emergency rota of seven surgeons, with
specialist training in aortovascular surgery, was established
in our institution in September 2020. This has resulted in the
standardization of surgical techniques (advocating for more
extensive repairs in the index operation and routine use of
the two-layered anastomosis) and adjuncts for organ protec-
tion (distal anastomosis performed under CA, preferred
antegrade cannulation routes and administration of ante-
grade cerebral perfusion and nasopharyngeal/core tempera-
ture dropped to 22°C).

Follow-up Imaging
The protocol for postoperative follow-up after TAAD repair in
our institution includes gated contrast-enhanced CT of the
whole aorta and transthoracic echocardiography (TTE) pre-
discharge and at 3, 6,12 months and then annually.

The presence of residual dissection in the aortic root was
defined by the identification of a dissection flap within the
aortic root and the presence of contrast or color Doppler
signal in that lumen by CT and/or TTE.

Pseudoaneurysm was defined as a contained leak with
surrounding hematoma extending from the vicinity of
the aortic anastomotic line in the absence of a dissection
flap.
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Results

A total of 194 patients underwent TAAD repair; 68 (35%)
underwent ARR and 126 (65%) underwent AA replacement.
After propensity score matching, the sample was reduced to
136 patients, 68 in each group.

Demographics and Dissection Characteristics
Patients who received ARR were younger (55�31 vs.
62.5�21 years, p¼0.73). Cardiovascular risk factors (except
hypertension), as well as comorbidities, were similar in both
groups. Prior cardiac surgery was significantly more preva-
lent in the ARR group (8.8 vs. 2.9%, p¼0.02).

Patients presenting with neurological malperfusion
underwent AA repair more frequently (7.1 vs. 1.5%, p¼0.02;
►Table 1).

The pattern of the dissection was significantly different
between groups. Patients who received an ARR presented
with a more extensive dissection and more community not
only affecting the root (64.7 vs. 39.7%) but also the aortic arch
and more distal segments (p<0.005).

Twenty-six patients with a tear outside the root under-
went ARR based on other factors such as root dimension,
young age, and connective tissue disease. A higher degree of
AR was more frequent in those who underwent ARR com-
paredwith thosewho received AA� AVR (severe AR: 32.4 vs.
8.8%, p¼0.01).

The size of the aortic root on presentation influenced the
surgical technique, with larger roots in the ARR group
(p<0.05; ►Table 2).

Analysis of the preoperative CT scans at the time of the
study was available in 145 patients (74.7%).

Operative Data
AVR was performed in 17% of the cases (22 patients) who
received AA replacement based on severe AR not amenable
to repair by commissural resuspension or based on the
presence of a degree of aortic stenosis; choice of valve
prosthesis was biological (n¼12, 54.5%) and mechanical
(n¼10, 45.5%).

For those who received ARR, the choice of prosthesis
was mechanical (n¼39, 57.3%), biological (n¼24, 35.3%),
and native valve (valve-sparing root replacement, n¼5,
7.3%). Open distal anastomosis with the hypothermic cir-
culatory arrest was performed in 170 patients (87.6%) and
cerebral perfusion was used in 147 patients (75%). Median
temperature targeted for circulatory arrest was 22°C
(15–30°C).

Salvage operation was defined as patients who experi-
enced cardiac arrest and required cardiac massage prior to
sternotomy or establishment of cardiopulmonary bypass.

The addition of ARR increased the cardiopulmonary by-
pass and aortic cross-clamp times (258�90 vs. 199�68 and
158�73 vs. 102�55minutes, respectively; ►Table 3).

Table 2 Anatomy and extension of the acute Type A aortic dissection for the two surgical groups: aortic root replacement (ARR) or
ascending aorta (AA) replacement for the nonmatched and the propensity score matched groups

ARR
(n¼ 68, 35%)

AA (n¼126,
65%)

ARR matched
(n¼ 68)

AA matched
(n¼ 68)

n % n % p n % n % p

Extension dissection:

Root 44 64.7 53 42.1 0.003 44 64.7 27 39.7 0.008

Arch 37 54.4 61 48.4 0.42 37 54.4 34 50 0.61

DTA 30 44.1 50 39.7 0.55 30 44.1 29 42.6 0.86

Visceral aorta 26 38.2 40 31.7 0.36 26 38.2 22 32.4 0.47

Infrarenal aorta 21 30.9 32 25.4 0.41 21 30.9 16 23.5 0.33

Intimal tear:

Root 27 39.7 – 0.001 24 35.3 – 0.004

Ascending 26 38.2 69 54.7 0.001 7 10.3 36 94.7 0.004

Intraoperative toe:

Moderate AR 16 23.5 20 15.9 0.001 16 23.5 14 20.6 0.01

Severe AR 22 32.4 13 10.3 0.001 22 32.4 6 8.8 0.01

Poor LV 4 5.9 5 3.9 0.56 4 5.9 – 0.05

Size aortic root:

< 40mm 15 22.1 50 39.7 0.001 15 22.1 30 44.1 0.004

40–50mm 24 35.3 31 24.6 0.001 24 35.3 13 19.1 0.004

> 50mm 19 27.9 7 5.6 0.001 19 27.9 5 7.4 0.004

AVR – 22 17.5 0.001 – 10 14.7 0.001

Abbreviations: AR, aortic regurgitation; AVR, aortic valve replacement; DTA, descending thoracic aorta, LV, left ventricle.
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Early Results
There was no significant difference in postoperative compli-
cations or in-hospital mortality (23%) between the groups
(►Table 4).

Causes of death were cardiac (40%), neurological (22%),
multiorgan failure (15%), abdominal (6%), respiratory (4%),
intraoperative exsanguination (2%), and unknown (11%).

Multivariate regression analysis identified presentation
with coronary malperfusion (OR: 4.4, 95% CI: 1.2–16.2,
p¼0.03), cardiac tamponade (OR: 2.6, 95% CI: 1.1–6.2,
p¼0.02), and salvage operation (OR: 9.5, 95% CI: 1.9–47.7)
as independent predictors of in-hospital mortality.

Midterm Results
Follow-upwas up to 5.8 years, with a median of 2.5 (0.1–5.8)
years. Twenty patients (10.3%) were lost to follow-up, al-
though survival data were 100% completed via the National
Household Survey census.

Seven patients (4.7%) died during follow-up, five (3.9%) in
the AA group and two (2.9%) in the ARR group (p¼0.99;
►Table 4). Causes of death were neurological (28.6%), cancer
(28.6%), pneumonia (14.3%), and unknown (28.6%).

The Kaplan–Meier analysis estimated survival of 74.9%
(95% CI: 3.47–4.75) in the ARR group and 76.5% in the AA
group (95% CI: 3.75–4.67) at 1 year, and 72.5% in the ARR
group and 73.1% in the AA group at 3 years, long rank p¼0.95
(►Figs. 1–2).

Predictors of late mortality identified by Cox regression
were preoperative and postoperative stroke (HR: 4.7, 95% CI:
1.3–17.6, p¼0.02), postoperative hemofiltration (HR: 0.2,
95% CI: 0.05–0.1, p¼0.001), and tracheostomy (HR: 3.5, 95%
CI: 1.4–8.9, p¼0.01).

Aortic Reinterventions and Significant Residual Aortic
Disease
A total of eight patients underwent aortic reinterventions,
including proximal aortic segments (two patients developed
pseudoaneurysms in the proximal anastomosis) and distal
procedures (six patients requiring arch replacement with
frozen elephant trunk [one patient], descending thoracic

aorta replacement [three patients, 37.5%], or extent II thor-
acoabdominal aneurysm repair [two patients]). The mean
age of this reintervention subgroup was 42.5 (29–64) years,
33.4% were females, and 22.2% had connective tissue disease.
The reintervention occurred at 18.1 (3–42) months after the
index procedure, which has been AA replacement in the
majority of patients.

Freedom from reintervention at 1 year calculated by
Kaplan–Meier analysis was 97.9�2.1 years in the ARR group
and 94.7�2.6 years in the AA group (log rank p¼0.24;
►Fig. 3).

Cox’s regression identified preoperative aortic root dimen-
sion as an independent factor for reoperation, with an in-
creased risk for those >50mm (HR: 0.01, 95% CI: 0.7–0.9,
p¼0.01).

Significant residual disease, with an indication for interven-
tion, was present in 16 patients, either in isolation or as a
combination of two segments: 7 of them had a residual dissec-
tion flap in the root, 2 patients had residual dissection in the
distal AA, 2 patients had aortic arch aneurysms (54 and66mm,
respectively), 1patient hadanewdissectionflap in the innomi-
nate artery (used for intraoperative aortic cannulation), and 5
patients had a pseudoaneurysm of the aortic anastomosis.

Those with residual dissection of the aortic root, by
definition, were in the AA group. The mean age of these
patients was 62.8 years (38–77), 50% were females, mean
aortic root dimensions were 40.4mm (31–54mm), and the
time since the index operation was 2.6 years (1–5). None of
these patients had more than mild AR.

Complications in the distal aortic segments were not
related to the index aortic procedure (p¼0.42). Two of these
patients died 2 to 3 years after the index procedures, with
one of them having been intervened for a chronic aortic graft
infection that caused further anastomotic dehiscence.

Discussion

There is no consensus regarding the best approach for
managing the aortic root in TAAD. The literature to date is
contradictory—some studies show no difference, whereas

Table 4 Postoperative complications, mortality and rate of aortic reintervention, and residual aortic disease for the two surgical
groups: aortic root replacement (ARR) or ascending aorta (AA) replacement for the nonmatched and the propensity score matched
groups

ARR (n¼68,
35%)

AA (n¼ 126,
65%)

ARR matched
(n¼68)

AA matched
(n¼68)

n % n % p n % n % p

Stroke 12 17.6 39 31 0.11 12 17.6 23 33.8 0.08

Hemofiltration 20 29.4 35 27.8 0.42 20 29.4 17 25 0.25

Tracheostomy 11 16.2 22 17.5 0.43 11 16.2 10 14.7 0.31

Hospital mortality 16 23.5 29 23 0.51 16 23.5 14 20.6 0.54

Late mortality 2 2.9 5 3.9 0.99 1 1.5 5 7.3 0.19

Reintervention 1 1.5 7 5.6 0.57 1 1.5 4 5.9 0.53

Residual disease 5 7.3 11 8.7 0.48 5 7.3 8 11.8 0.28
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Fig. 2 The Kaplan–Meier survival curve for patients who underwent acute Type A aortic dissection repair with ascending aorta (group 0)
replacement or aortic root replacement (group 1) in the propensity score matched population. Log rank p¼ 0.72. The number of patients at risk
in each group at the different time frames is also provided in the annexed table. AA, ascending aorta; ARR, aortic root replacement.

Fig. 1 The Kaplan–Meier survival curve for patients who underwent acute Type A aortic dissection repair with ascending aorta (group 0)
replacement or aortic root replacement (group 1). Log rank p¼ 0.95. The number of patients at risk in each group at the different time frames is
also provided in the annexed table. AA, ascending aorta; ARR, aortic root replacement.
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others indicate higher operative mortality when performing
ARR. Also, there is inconsistency as to whether preserving
the aortic root is a risk factor for later reoperation.4–9,12–19

In our series, those who underwent ARR for TAAD repair
were more often younger, with connective tissue disorder or
bicuspid aortic valve (BAV), with more proximal location of
the intimal tear, as well as more extensive distal dissection
with larger aortic root dimensions.

The addition of ARR replacement inevitably increased
surgical times but did not impact the circulatory arrest times
or cerebral protection strategy. Based on this, increased
complications might have been expected for the ARR group,
but both in-hospital mortality and postoperative complica-
tions were equivalent for the two groups.

We agree with the recommendations made by Yang
et al.15 ARR should be considered as the index procedure
for TAAD in patients with an intimal tear in the root,
preexisting root aneurysms (>45mm), connective tissue
disorders, BAV (when presenting with root dilatation
>45mm and/or valve disease), and/or unrepairable aortic
valve pathology. Nishida et al16 also recommended ARR in
cases of extensive aortic root dissection, affecting at least
two sinuses of Valsalva. They demonstrated clear association
with rapid root dilatation (>3mm/year), progressive valve
incompetency, development of pseudoaneurysms, and reop-
erations for those treated with root repair in this context.

Several techniques to repair a dissected root have been
described,11–15 including the use of biological glue or insert-
ing Teflon felt between the dissected layers prior to perform-
ing the buttress suture. We do not advocate for either, but

rather ensure all the thrombus is removed and thebuttressed
suture is performed with two bands of Teflon to prevent
residual entry tears. The blood pressure after the repair will
push the dissected layers together provided that there is no
residual entry tear. Preservation of a dissected aortic root
always has a potential risk of recurrence: aortic root dissec-
tion, aneurysm/pseudoaneurysm formation, severe AR, and
reoperation. In our study, although we did not have to
reintervene in many patients for these reasons, we have
cases being closelymonitored due to residual root dissection,
which eventually may need to be addressed.

About 30% of TAAD survivors face a reoperation during
their life, especially during the first 5 years. However, it
seems that the determining factor is the distal rather than
the proximal aorta.10,18,19 Reinterventions in the proximal
segments are extremely infrequent and the freedom from
intervention does not seem to be influenced by the aortic
root treatment.20 Freedom from root interventions has been
reported at 99% after 3, 88 to 95% after 5, and 77 to 83% after
10 years.4,5,14,17 However, other causes of surgical recur-
rence such as pseudoaneurysms, infective endocarditis, and
AR are not necessarily excluded by performing ARR.9

In our series,most reoperationswere to treat expansion of
distal segments or complications of the index procedures.
We have patients under surveillance for residual root dissec-
tion, which could have been prevented either by a more
aggressive approach in the index operation or more accurate
proximal repair of the dissected tissues. However, it has been
demonstrated that the distal aorta grows faster than the
proximal aorta and that proximal dissected aortas behave

Fig. 3 The Kaplan–Meier curve representing freedom from aortic reintervention for patients who underwent acute Type A aortic dissection
repair with ascending aorta (group 0) replacement or aortic root replacement (group 1) log rank p¼ 0.24. The number of patients at risk in
each group at the different time frames is also provided in the annexed table. AA, ascending aorta; ARR, aortic root replacement.
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similarly to aneurysmal aortas, with a dilatation rate of
0.4mm/y.12 Therefore, patients with residual root dissection
and mild aneurysms might be safely managed with close
surveillance until their aortas start dilating and/or they
develop significant AR.

Conclusion

Both ARR and AA replacement are acceptable and safe
techniques for TAAD repair.

A more aggressive approach should be considered based
on patient factors (age, presence of connective tissue dis-
eases) and aortic factors (dimension of the root, location of
the primary tear, and extent of the dissection).

Reintervention in proximal aortic segments is less frequent
than in distal segments, hence preserving the root could be an
attractive option for older patients with other comorbidities
provided that there is no primary tear within the root.

Our study has the limitations of being a single-center
retrospective experience and with a short follow-up period.
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