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ABSTRACT
Background: We aimed to compare the short- and long-term out-
comes of total arch replacement (TAR) vs hemiarch replacement
(HAR) in the management of acute type A aortic dissection.
Methods: We searched the literature for studies directly comparing
TAR to HAR in acute type A aortic dissection. Hazard ratios (HRs) were
extracted from digitized Kaplan-Meier curves.
Results: A total of 6526 patients were identified, of which 2060 (32%)
had received a TAR. A total of 37% of patients were female, and the
https://doi.org/10.1016/j.cjco.2024.04.012
2589-790X/� 2024 The Authors. Published by Elsevier Inc. on behalf of the Canadia
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
R�ESUM�E
Contexte : Nous souhaitions comparer les r�esultats à court et à long
terme du remplacement total de l’arc aortique à ceux du remplace-
ment de l’h�emi-arc aortique dans la prise en charge de la dissection
aortique aiguë de type A.
M�ethodologie : Nous avons scrut�e la litt�erature à la recherche
d’�etudes comparant directement le remplacement total de l’arc aor-
tique et le remplacement de l’h�emi-arc aortique dans le traitement de
la dissection aortique aiguë de type A. Des rapports de risques
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mean age (standard deviation) of the cohort was 59.8 � 11.8 years.
TAR patients had a higher prevalence of preoperative malperfusion
(34% vs 26%). The TAR group had higher odds of 30-day mortality
(4404 patients; odds ratio [OR] 1.79, 95% confidence interval [CI]
1.29-2.49), renal failure requiring dialysis (3475 patients; OR 1.34,
95% CI 1.02-1.76), and a trend toward higher rates of stroke (3292
patients; OR 1.49, 95% CI 0.93-2.39). No significant differences were
observed in prevalence of permanent spinal cord injury, visceral
ischemia, or reoperation for bleeding. The TAR group had a non
estatistically significant increase in long-term mortality (4408 pa-
tients; HR 1.25, 95% CI 0.99-1.57), but showed a trend toward
improved freedom from long-term aortic reoperation (1359 patients;
HR 0.53; 95% CI 0.18-1.59). In a subgroup analysis, the hazard ratio of
long-term mortality favoured TAR in only the subgroup of studies in
which the difference in malperfusion was > 10% between groups.
Conclusions: TAR could be associated with improved freedom from
long-term aortic reoperation but with potentially increased periopera-
tive risks. We recommend a tailored surgical approach.

instantan�es (RRI) ont �et�e �etablis à partir de courbes de Kaplan-Meier
num�eris�ees.
R�esultats : La recherche a permis de recenser 6526 patients, dont
2060 (32 %) avaient reçu un remplacement total de l’arc aortique. Au
total, 37 % des patients �etaient des femmes; l’âge moyen (�ecart-type)
de la cohorte �etait 59,8 � 11,8 ans. Les patients qui ont reçu un
remplacement total de l’arc aortique affichaient une pr�evalence
accrue de malperfusion pr�eop�eratoire (34 % vs 26 %). Le groupe de
remplacement total de l’arc de l’aorte pr�esentait un risque accru de
mortalit�e en 30 jours (4404 patients; rapport de cotes [RC] : 1,79;
intervalle de confiance [IC] à 95 % : 1,29-2,49) et d’insuffisance r�enale
n�ecessitant une dialyse (3475 patients; RC : 1,34; IC à 95 % : 1,02-
1,76) ainsi qu’une tendance à avoir un taux �elev�e d’AVC (3292 pa-
tients; RC : 1,49; IC à 95 % : 0,93-2,39). Aucune diff�erence notable n’a
�et�e observ�ee dans la pr�evalence des l�esions m�edullaires permanentes,
d’isch�emie visc�erale ou de r�eop�eration pour saignement. Le groupe de
remplacement total de l’arc aortique affichait une hausse non statis-
tiquement significative du taux de mortalit�e à long terme (4408 pa-
tients; RRI : 1,25; IC à 95 % : 0,99-1,57), mais avait tendance à subir
moins de r�eop�eration aortique à long terme (1359 patients; RRI : 0,53;
IC à 95 % : 0,18-1,59). Dans une analyse par sous-groupes, le rapport
de risques instantan�es de la mortalit�e à long terme favorisait le
remplacement total de l’arc aortique seulement pour le sous-groupe
des �etudes dans lequel la diff�erence de la malperfusion �etait
sup�erieure à 10 % entre les groupes.
Conclusions : Le remplacement total de l’arc aortique pourrait être
associ�e à une meilleure absence de r�eop�eration aortique à long terme,
mais possiblement avec un risque p�eri-op�eratoire accru. Nous
recommandons une approche chirurgicale adapt�ee.
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Acute type A aortic dissection (ATAAD) remains a chal-
lenging condition associated with high rates of morbidity and
mortality.1 Improved surgical techniques and perioperative
care have led to a steady decline in mortality after emergent
surgery for ATAAD. Nevertheless, postoperative risks remain
high, and further improvement in the surgical management of
this condition is urged.2

A particular element of debate in the management of
ATAAD is the extent of surgery into the dissected aortic arch.
Some surgeons advocate for a more conservative tear-oriented
approach (most often involving hemiarch repair), to minimize
perioperative mortality and morbidities; others propose a
more aggressive total arch replacement (TAR), with liberal
addition of elephant trunk techniques, to improve long-term
prognosis by obliterating the false lumen and limiting late
aneurysm formation at the distal aorta that may either require
high-risk aortic reintervention or cause death by rupture.3-9

Previous meta-analyses attempted to investigate this ques-
tion, but they either were designed to include a combination
of comparative and single-cohort studies or covered heterog-
enous groups of patients.10-13 In fact, some of the studies
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included in the previous meta-analyses had a comparison arm
of hemiarch repair that comprised any type of proximal aortic
repair (root, ascending, hemiarch, or combination of hemiarch
and antegrade descending aorta stenting) and therefore were
not necessarily limited to hemiarch repair.

The present systemic review and meta-analysis aims to
formally assess the available literature and included studies
with well defined comparison arms of total arch vs hemiarch
repair.
Methods

Search strategy

We performed our literature search in MEDLINE,
Embase, Web of Science, clinicaltrials.gov, and the
Cochrane Library, using a combination of medical subject
headings (MeSH) terms and keywords (Supplemental
Table S1). To be included, studies had to cover adult
patients with a history of ATAAD involving the aortic arch
or extending into the descending thoracic aorta, and had to
directly compare (i) extended aortic arch replacement using
TAR, conventional elephant trunk technique, frozen
elephant trunk technique, or TAR in combination with
another simultaneous stent-deployment technique vs (ii)
hemiarch aortic repair, including hemiarch repair alone or
hemiarch in combination with another simultaneous stent-
deployment technique.

http://clinicaltrials.gov
mailto:michael.chu@lhsc.on.ca
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Data extraction

Studies identified by our search strategy were processed
through the Covidence systematic review software (Veritas
Health Innovation, Melbourne, Australia). Two authors
reviewed studies at all levels of screening. Disagreements
were resolved by consensus among all reviewers (F.H., R.A.,
J.A.). Data were extracted from the included studies using a
spreadsheet designed specifically for this meta-analysis.

Study quality assessment

We used the Newcastle-Ottawa Scale for observational
studies to assess the quality of the studies included in the sys-
tematic review andmeta-analysis.14TheNewcastle-Ottawa Scale
assesses the following 3 domains: (i) selection of the included
studies; (ii) comparability of the study groups; and (iii) assess-
ment and reporting of the outcomes (Supplemental Table S2).

Data synthesis

The data were synthesized using Stata 17.0 (StataCorp,
College Station, TX). All outcomes were calculated with
extended arch as the intervention, and hemiarch as the refer-
ence. Dichotomous outcomes were presented as odds ratios
(ORs) with 95% confidence intervals (CIs). Continuous out-
comes were presented as mean differences with 95% CI. For
long-term outcomes, hazard ratios (HRs) with 95% CIs were
used. HRs either were collected from studies reporting it using
Cox regression, or if not explicitly reported, the HRs were
extracted from digitized Kaplan-Meier curves following the
method by Tierney et al. and Parmar et al.15,16 For all out-
comes, we used the random-effects model by DerSimonian-
Laird and calculated 95% prediction intervals. Heterogeneity
was assessed using Cochran’s Q and I2. Publication bias was
evaluated using funnel plots and Egger’s test (Supplemental
Figs. S1-S5). Subgroup analyses were performed to account
for the difference in preoperative malperfusion between inter-
vention arms in the individual studies and to compare extended
arch replacement with descending aorta graft to hemiarch
repair without descending aorta graft (Supplemental Figs. S6-
S9). All statistical tests were 2-sided. P values < 0.05 were
considered statistically significant, except P < 0.1 for hetero-
geneity analyses. This report was written in accordance with the
Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) guidelines (Supplemental Table S3).17

Study selection

The literature search identified a total of 10,506 articles
(Fig. 1). After exclusion of duplicates and title and/or abstract
screening to remove irrelevant studies, 310 articles were deemed
appropriate to undergo a full-text review. After the full-text re-
view, 289 studies were excluded because they did not meet the
inclusion criteria. Therefore, 22 observational studies (1 paper
with 2 study arms) remained, which fulfilled the predetermined
inclusion criteria, including a total of 6526 patients, of whom
2060 underwent TAR and 4466 underwent hemiarch replace-
ment (HAR).4,9,18-36 We included the following 2 study arms
from the paper by Xue and colleagues: arm 1, presenting Island
arch replacement vsHAR; and arm 2, presenting frozen elephant
trunk vsHAR.34 The quality of the included studies was assessed
using the Newcastle-Ottawa Scale (Supplemental Table S2).
Study characteristics

The 22 included studies were published between 2002 and
2020, describing patients treated for ATAAD. All studies were
retrospective; one study was a report of an international reg-
istry,21 one was a study of a national registry,20 and all other
studies were single-centre experiences. The total mean follow-
up duration was 44 months. The mean age of the total cohort
was 59.8 � 11.8 years, and 37% of the patients were female.
The total arch patients had a higher prevalence of preoperative
malperfusion (34% vs 26%). Tables 1-3 describe the study
and baseline characteristics. We have noted that 4 studies
excluded patients with arch tears,20,32,34 (and arm 136), and
one study was comprised exclusively of patients with arch
tears.33 The other studies included patients with or without
arch tears, and in these studies, the decision to perform a TAR
was based on the following: (i) purely the presence of tear in
the arch, in 3 studies22,27,28; (ii) presence of tear in the arch or
other indication for TAR, such as arch aneurysm, circumfer-
ential arch dissection, malperfusion, or connective-tissue dis-
ease, in 8 studies9,18,19,23,25,31,35 (and arm 234); and (iii) the
discretion of the primary surgeon, in 5 studies.4,24,26,29,30
Results

Short-term outcomes

A pooled analysis of all 15 comparative studies (N
pooled ¼ 4404 patients) reporting early mortality demon-
strated a statistically significant increase in the odds of 30-day
mortality in the total arch group in the random-effects model
(OR 1.79, 95% CI 1.29 to 2.49; I2 value of 40.7%; Fig. 2).
The total arch group also had higher rates of renal failure
requiring dialysis (11 studies with N pooled ¼ 3475; OR
1.34, 95% CI 1.02 to 1.76; I2 value of 0; Fig. 3A), and a
trend toward higher rates of stroke (15 studies with N
pooled ¼ 3292; OR 1.49, 95% CI 0.93 to 2.39; I2 value of
38.7%; Fig. 3B). No significant differences were observed
between the groups in terms of prolonged ventilation (10
studies with N pooled ¼ 2557; OR 1.20, 95% CI 0.87 to
1.67; I2 value of 8.1; Fig. 4A), permanent spinal cord injury
(6 studies with N pooled ¼ 1799; OR 1.24, 95% CI 0.49 to
3.12; I2 value of 0; Fig. 4B), visceral ischemia (9 studies with
N pooled ¼ 3674; OR 1.11, 95% CI 0.64 to 1.91; I2 value of
4.8%; Fig. 4C), or reoperation for bleeding (13 studies with
N pooled ¼ 2961; OR 1.18, 95% CI 0.80 to 1.74; I2 value of
29.4%; Fig. 4D).

Long-term outcomes

A pooled analysis of 13 comparative studies (N pooled ¼
4408 patients) reporting long-term mortality demonstrated a
nonestatistically significant increase in the hazards of long-
term mortality in the total arch group in the random-effects
model (HR 1.25, 95% CI 0.99 to 1.57; I2 value of 38.5%;
Fig. 5A). Long-term unplanned aortic reoperation was re-
ported in 6 studies (N pooled ¼ 1359 patients) and showed a
trend in favour of the total arch group (HR 0.53, 95% CI
0.18 to 1.59; I2 value of 51.7%; Fig. 5B). The rate of late
aortic events was reported in 2 studies (N pooled ¼ 903
patients) and was lower in the total arch group (HR 0.53,
95% CI 0.33 to 0.84; I2 value of 0).



Figure 1. Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) diagram summarizing the screening process through the
different phases of a systematic review.
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Subgroup and sensitivity analysis

To account for confounders in the meta-analysis of
long-term mortality, a subgroup analysis was performed
based on the difference in preoperative malperfusion be-
tween intervention arms in the individual studies. Studies
were subgrouped based on the percent difference in pre-
operative malperfusion between the intervention arms
(proportion of malperfusion in total arch minus proportion
of malperfusion in hemiarch), as follows: 4 studies had a
difference > 10%; 7 had a difference < 10%; and 3 had a
higher prevalence of malperfusion in the hemiarch group.
The rest of the studies did not report data on malperfu-
sion. The increased hazard of long-term mortality was
observed mainly in the subgroup of studies in which the
difference in malperfusion prevalence between the treat-
ment arms was > 10% (Fig. 6).

We also performed a subgroup analysis of the studies that
compared TAR with concomitant descending aorta graft vs
HAR without descending aorta graft. No difference was pre-
sent in short-term mortality, but results for long-term mor-
tality (HR 0.72, 95% CI 0.39 to 1.32; I2 value of 0;
Supplemental File S1) and long-term aortic reoperation (HR,
0.47; 95% CI, 0.10 to 2.27; I2 value of 63%; Supplemental
File S1) showed a trend favouring patients with TAR with
descending aorta graft. We also present the results for short-
term mortality, long-term mortality, and long-term aortic
reoperation based on the surgical approach intent for TAR
(total arch only if tear in the arch; total arch if tear in the arch
or other indication for TAR; total arch at the discretion of the
surgeon; absence of arch tear in all patients; presence of arch
tear in all patients) in Supplemental File S1.
Discussion
In this meta-analysis, we compared TAR vs HAR in the

management of ATAAD. In the main analysis, we found
that TAR could be associated with improved freedom from
long-term aortic reoperation, but with potentially increased
perioperative risks and a trend toward a lower late survival
rate. However, when taking into account the within-study
difference in preoperative malperfusion, we noticed that
the difference in late survival rate was observed mostly in
studies in which the proportion of malperfusion in the total
arch group was substantially greater than that in the hem-
iarch group. To our knowledge, this meta-analysis is the
first that has explored the effect of preoperative malperfusion
on mortality following total arch vs HAR. Additionally, as
opposed to previous meta-analyses that included a heterog-
enous group of patients in their conservative aortic
replacement arm (patients receiving aortic root, ascending
aorta, or HAR), our group with proximal arch replacement
was limited to patients who underwent HAR.

Although limited by the small sample size, a subgroup
analysis of the studies that compared TAR with concomi-
tant descending aorta graft vs HAR without descending
aorta graft showed no difference in the short-term mortality
rate, but did show a trend toward improved freedom from
long-term mortality and long-term aortic reoperation in the
TAR with descending aorta graft group. Possibly, the
deployment of descending aorta graft, most commonly in
the form of frozen elephant trunk, was useful in mitigating
the consequence of preoperative malperfusion, which is
present more commonly in patients with TAR, as a
byproduct of selection bias.

In their paper, Heuts and colleagues showed that TAR
was associated with a higher risk of early mortality and
postoperative renal failure, but the risk of stroke did not
differ between the groups.12 We have found similar results
for the early outcomes between the intervention arms. For
their long-term outcomes, Heuts and colleagues did not find
a statistically significant difference in survival after 1 and 5
years, but they noted a survival benefit for patients who
underwent TAR after 10 years of follow-up. The authors did
not demonstrate improved freedom from reoperation at



Table 1. Preoperative patient characteristics in the individual studies

Study (y) Patients
Mean
FU, mo Group Patients Female

Age, y,
mean � SD Hypertension Diabetes

Pre-existing
CAD

History
of CVA

Chronic
kidney
disease

Previous
cardiac
surgery

Any
connective-tissue

disease

Easo et al.20 (2012) 658 1.0 TA 140 (21.3) 54 58.3 � 11.9 NR NR NR NR NR NR NR
Fleischman et al.22 (2018) 195 31.0 TA 39 (20) 10 62 � 13 32 (82.1) 4 (10.3) 1 (2.6) NR NR 7 (17.9) 0

HA 156 (80) 46 61 � 14 127 (81.4) 21 (13.5) 15 (9.6) NR NR 21 (13.5) 4 (2.6)
Hata et al.26 (2016) 64 72.0 TA 12 (18.8) 4 57.1 � 12.1 NR NR NR NR NR NR NR

HA 52 (81.3) 25 66.3 � 12.7 NR NR NR NR NR NR NR
Keeling et al.18 (2017) 342 1.0 HA 518 (78.7) 194 59.1 � 13.3 NR NR NR NR NR NR NR

HA 299 (87.4) 85 55.4 � 13.9 266 (89) 31 (10.4) 24 (8) 20 (6.7) 11 (3.7) 11 (3.7) NR
Kim et al.4 (2011) 188 47.5 TA 44 (23.4) 18 55 � 12.1 24 (54.5) 2 (4.5) NR 1 (2.3) NR NR 1 (2.3)

HA 144 (76.6) 75 57.6 � 11.5 92 (63.9) 6 (4.2) NR 4 (2.8) NR NR 7 (4.9)
Kimura et al.27 (2020) 706 61.2 TA 135 (19.1) 47 62 � 5.8 101 (74.8) 8 (5.9) NR NR 3 (2.2) NR 15 (11.1)

HA 571 (80.9) 294 65.8 � 4.9 407 (71.3) 49 (8.6) NR NR 14 (2.5) NR 2 (0.4)
Larsen et al.21 (2017) 1241 60.0 TA 334 (26.9) 81 59.1 � 13.6 218 (65.3) 18 (5.4) 52 (15.6) NR 7 (2.1) 33 (9.9) 13 (3.9)

HA 907 (73.1) 323 60.8 � 14.1 674 (74.3) 79 (8.7) 143 (15.8) NR 42 (4.6) 93 (10.3) 24 (2.6)
Lio et al.24 (2016) 92 30.5 TA 33 (35.9) 5 61 � 12 30 (90.9) 1 (3) 0 NR 0 3 (9.1) NR

HA 59 (64.1) 16 66 � 10 51 (86.4) 2 (3.4) 2 (3.4) NR 1 (1.7) 1 (1.7) NR
Ohtsubo et al.25 (2002) 47 42.0 TA 24 (51.1) 11 68 � 11.1 NR NR NR 3 (12.5) NR NR 4 (16.7)

HA 23 (48.9) 16 69 � 11.1 NR NR NR 2 (8.7) NR NR 0
Trivedi et al.19 (2016) 259 60.0 TA 92 (35.5) 34 58.9 � 11.2 73 (79.3) 6 (6.5) 13 (14.1) 13 (14.1) 2 (2.2) 9 (9.8) NR

HA 167 (64.5) 74 63.3 � 13.3 128 (76.6) 20 (12) 43 (25.7) 10 (6) 2 (1.2) 18 (10.8) NR
Yang et al.23 (2019) 472 63.6 TA 150 (31.8) 46 57 � 5.2 107 (71.3) 9 (6) 15 (10) 3 (2) 26 (17.3) 18 (12) 7 (4.7)

HA 322 (68.2) 96 60.5 � 5.8 230 (71.4) 21 (6.5) 71 (22) 9 (2.8) 40 (12.4) 31 (9.6) 19 (5.9)
Dai et al.36 (2015) 93 64.0 TA 52 (55.9) 23 49.8 � 9.6 49 (94.2) 1 (1.9) NR NR 2 (3.8) NR NR

HA 41 (44.1) 16 49.1 � 10.4 40 (97.6) 1 (2.4) NR NR 1 (2.4) NR NR
Driever et al.28 (2003) 42 28.8 TA 30 (71.4) 11 57.5 � 11.1 NR NR NR NR NR NR NR

HA 12 (28.6) 4 57.5 � 11.1 NR NR NR NR NR NR NR
Fichadiya et al.35 (2019) 95 36.0 TA 28 (29.5) 6 56 � 14 NR NR NR NR 8 (28.6) NR NR

HA 67 (70.5) 30 60 � 16 NR NR NR NR 5 (7.5) NR NR
Inoue et al.30 (2016) 334 39.0 TA 161 (48.2) 64 63 � 12 NR NR NR NR NR NR 19 (11.8)

HA 173 (51.8) 111 71 � 12 NR NR NR NR NR NR 6 (3.5)
Kim et al.31 (2018) 94 50.0 TA 32 (34) 16 53 � 11 NR NR NR NR NR NR NR

HA 62 (66) 30 61 � 14 NR NR NR NR NR NR NR
Omura et al.9 (2016) 197 60.0 TA 88 (44.7) 26 61 � 13 NR NR NR NR 3 (3.4) NR NR

HA 109 (55.3) 59 70 � 11 NR NR NR NR 3 (2.8) NR NR
Shi et al.32 (2014) 155 46.3 TA 84 (54.2) 27 53.9 � 12.2 67 (79.8) 19 (22.6) 6 (7.1) 2 (2.4) 4 (4.8) NR 22 (26.2)

HA 71 (45.8) 18 55.9 � 10.1 55 (77.5) 12 (16.9) 7 (9.9) 2 (2.8) 5 (7) NR 10 (14.1)
Shimamura et al.29 (2018) 300 31.7 TA 29 (9.7) 10 62.1 � 13.9 NR NR NR 1 (3.4) NR NR 1 (3.4)

HA 271 (90.3) 118 66.1 � 13.5 NR NR NR 30 (11.1) NR NR 4 (1.5)
Vallabhajosyula et al.33 (2016) 61 51.9 TA 31 (50.8) 11 59 � 12 28 (90.3) 2 (6.5) 4 (12.9) 5 (16.1) 2 (6.5) 7 (22.6) NR

HA 30 (49.2) 10 58 � 11 26 (86.7) 2 (6.7) 0 1 (3.3) 3 (10) 3 (10) NR
Xue et al.,34(arm 1 (2020) 260 45.6 TA 54 (20.8) 4 56.5 � 14.4 42 (77.8) 1 (1.9) 1 (1.9) 4 (7.4) 0 NR 2 (3.7)

HA 206 (79.2) 72 55.2 � 14.4 132 (64.1) 10 (4.9) 3 (1.5) 4 (1.9) 3 (1.5) NR 6 (2.9)
Xue et al.34, arm 2 (2020) 631 45.6 TA 425 (67.4) 86 49.6 � 11.8 284 (66.8) 11 (2.6) 10 (2.4) 5 (1.2) 9 (2.1) NR 15 (3.5)

HA 206 (32.6) 72 55.2 � 14.4 132 (64.1) 10 (4.9) 3 (1.5) 4 (1.9) 3 (1.5) NR 6 (2.9)

Values are n, or n (%), unless otherwise indicated.
FU, follow-up; CAD, coronary artery disease; CVA, cerebrovascular accident; HA, hemiarch; NR, not reported; SD, standard deviation; TA, total arch.
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Table 2. Intraoperative characteristics in the individual studies

Study (y) Group Patients
Descending
aortic repair

Aortic root
replacement CABG

CPB time, min,
mean � SD

Circulatory arrest
duration, min,
mean � SD

Antegrade
cerebral
perfusion

Retrograde
cerebral
perfusion

Easo et al.20 (2012) TA 140 (21.3) 48 (34.3) 41 (29.3) 15 (10.7) 44.8 � 29.7 NR 118 (84.3) NR
HA 518 (78.7) 0 113 (21.8) 49 (9.5) 24.3 � 14.4 NR 347 (67) NR

Fleischman et al.22 (2018) TA 39 (20) 7 (17.9) 5 (12.8) 3 (7.7) 214 � 64.4 NR 30 (76.9) NR
HA 156 (80) 4 (2.6) 15 (9.6) 21 (13.5) 167.5 � 57.0 NR 124 (79.5) NR

Hata et al.26 (2016) TA 12 (18.8) NR 3 (25) 2 (16.7) 206 � 46 NR 12 (100) 0
HA 52 (81.3) NR 4 (7.7) 9 (17.3) 121.5 � 41.7 NR 0 0

Keeling et al.18 (2017) TA 43 (12.6) 10 (23.3) 4 (9.3) 5 (11.6) 257.9 � 82.7 65.1 � 30.1 43 (100) 0
HA 299 (87.4) 5 (1.7) 38 (12.7) 40 (13.4) 195 � 69.1 35 � 19.2 299 (100) 0

Kim et al.4 (2011) TA 44 (23.4) 5 (11.4) 0 3 (6.8) NR NR 27 (61.4) 17 (38.6)
HA 144 (76.6) 0 8 (5.6) 14 (9.7) NR NR 42 (29.2) 99 (68.8)

Kimura et al.27 (2020) TA 135 (19.1) NR 6 (4.4) NR 241 � 103 NR 135 (100) 0
HA 571 (80.9) NR 28 (4.9) NR 141 � 49 NR 35 (6.1) 0

Larsen et al.21 (2017) TA 334 (26.9) 29 (8.7) 249 (74.6) 19 (5.7) 218.5 � 65.9 NR 232 (69.5) 53 (15.9)
HA 907 (73.1) 3 (0.3) 595 (65.6) 86 (9.5) 188 � 64.4 NR 376 (41.5) 231 (25.5)

Lio et al.24 (2016) TA 33 (35.9) 4 (12.1) 2 (6.1) 0 249 � 87 NR NR NR
HA 59 (64.1) 0 5 (8.5) 5 (8.5) 175 � 63 NR NR NR

Ohtsubo et al.25 (2002) TA 24 (51.1) NR 4 (16.7) NR 292 � 20 48 � 4.2 24 (100) 0
HA 23 (48.9) NR 0 NR 190 � 9.7 32 � 2.6 5 (21.7) 0

Trivedi et al.19 (2016) TA 92 (35.5) 28 (30.4) 23 (25) 12 (13) 269.6 � 87 NR 86 (93.5) 29 (31.5)
HA 167 (64.5) 3 (1.8) 53 (31.7) 35 (21) 205.5 � 58.9 NR 13 (7.8) 154 (92.2)

Yang et al.23 (2019) TA 150 (31.8) 18 (12) 98 (65.3) 6 (4) 227 � 62.2 43.5 � 15.6 54 (36) 5 (3.3)
HA 322 (68.2) 11 (3.4) 178 (55.3) 20 (6.2) 217.5 � 54.1 32 � 9.6 91 (28.3) 194 (60.2)

Dai et al.36 (2015) TA 52 (55.9) NR 1 (1.9) 6 (11.5) 153 � 23.1 NR NR NR
HA 41 (44.1) NR 0 6 (14.6) 150 � 19.4 NR NR NR

Driever et al.28 (2003) TA 30 (71.4) 0 NR NR NR 36 � 14 NR NR
HA 12 (28.6) NR NR NR NR NR NR NR

Fichadiya et al.35 (2019) TA 28 (29.5) 28 (100) 9 (32.1) 4 (14.3) 192 � 51 NR NR NR
HA 67 (70.5) 0 21 (31.3) 8 (11.9) 178 � 57 NR NR NR

Inoue et al.30 (2016) TA 161 (48.2) NR 16 (9.9) 10 (6.2) 294 � 136 NR 161 (100) 0
HA 173 (51.8) NR 23 (13.3) 12 (6.9) 210 � 90 NR 173 (100) 0

Kim et al.31 (2018) TA 32 (34) NR NR NR NR 92 � 41 NR NR
HA 62 (66) NR NR NR NR 43 � 15 NR NR

Omura et al.9 (2016) TA 88 (44.7) NR NR 4 (4.5) 244 � 88 NR 86 (97.7) NR
HA 109 (55.3) NR NR 3 (2.8) 187 � 71 NR 61 (56) NR

Shi et al.32 (2014) TA 84 (54.2) 84 (100) 24 (28.6) 6 (7.1) 164.7 � 19.6 29.3 � 4.3 84 (100) 0
HA 71 (45.8) 71 (100) 24 (33.8) 7 (9.9) 103.6 � 20.9 30.6 � 4.9 71 (100) 0

Shimamura et al.29 (2018) TA 29 (9.7) 0 NR NR 338 � 123 96.3 � 19.6 0 29 (100)
HA 271 (90.3) 0 NR NR 260 � 85 58.5 � 15 0 271 (100)

Vallabhajosyula et al.33 (2016) TA 31 (50.8) 0 5 (16.1) NR 313 � 80 78 � 45 10 (32.3) 0
HA 30 (49.2) 30 (100) 1 (3.3) NR 239 � 34 60 � 15 0 24 (80)

Xue et al.,34arm 1 (2020) TA 54 (20.8) 54 (100) 52 (96.3) 6 (11.1) 243 � 72.1 31.7 � 8.6 46 (85.2) 2 (3.7)
HA 206 (79.2) 0 202 (98.1) 16 (7.8) 234 � 70 27 � 11.3 126 (61.2) 4 (1.9)

Xue et al.,34arm 2 (2020) TA 425 (67.4) 425 (100) 416 (97.9) 32 (7.5) 260.8 � 77.3 35.4 � 10 364 (85.6) 10 (2.4)
HA 206 (32.6) 0 202 (98.1) 16 (7.8) 234 � 70 27 � 11.3 126 (61.2) 4 (1.9)

Values are n (%), unless otherwise indicated.
CABG, coronary artery bypass grafting; CPB, cardiopulmonary bypass; HA, hemiarch; NR, not reported; SD, standard deviation; TA, total arch.
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Table 3. Preoperative malperfusion and presence of arch tear

Study (y) Group Patients
Any

malperfusion
Visceral

malperfusion
Neurologic
malperfusion

Peripheral
malperfusion

Coronary
malperfusion Tamponade

Arch tear
(non-resectable
by hemiarch)

Easo et al.20 (2012) TA 140 (21.3) NR NR NR NR NR NR 0
HA 518 (78.7) NR NR NR NR NR NR 0

Fleischman et al.22 (2018) TA 39 (20) 10 (25.6) 4 (10.3) NR 6 (15.4) NR 7 (17.9) NR
HA 156 (80) 23 (14.7) 11 (7.1) NR 12 (7.7) NR 20 (12.8) NR

Hata et al.26 (2016) TA 12 (18.8) 3 (25) NR NR NR NR 5 (41.7) NR
HA 52 (81.3) 8 (15.4) NR NR NR NR 28 (53.8) NR

Keeling et al.18 (2017) TA 43 (12.6) 6 (14) 6 (14) NR NR NR NR NR
HA 299 (87.4) 55 (18.4) 55 (18.4) NR NR NR NR NR

Kim et al.4 (2011) TA 44 (23.4) 11 (25) 2 (4.5) 3 (6.8) 6 (13.6) 1 (2.3) NR 33 (75)
HA 144 (76.6) 11 (7.6) 1 (0.7) 4 (2.8) NR 1 (0.7) NR 35 (24.3)

Kimura et al.27 (2020) TA 135 (19.1) 54 (40) 4 (3) 27 (20) NR NR NR 135 (100)
HA 571 (80.9) 195 (34.2) 7 (22) 67 (12) NR NR NR 0

Larsen et al.21 (2017) TA 334 (26.9) NR NR NR NR NR NR 47 (14.1)
HA 907 (73.1) NR NR NR NR NR NR 147 (16.2)

Lio et al.24 (2016) TA 33 (35.9) NR NR NR NR NR NR NR
HA 59 (64.1) NR NR NR NR NR NR NR

Ohtsubo et al.25 (2002) TA 24 (51.1) NR NR NR NR NR 10 (41.7) NR
HA 23 (48.9) NR NRþ NR NR NR 12 (52.2) NR

Trivedi et al.19 (2016) TA 92 (35.5) 76 (82.6) 21 (22.8) 31 (33.7) 19 (20.7) 5 (0) NR 45 (48.9)
HA 167 (64.5) 68 (40.7) 9 (5.4) 21 (12.6) 23 (13.8) 15 (0) NR 31 (18.6)

Yang et al.23 (2019) TA 150 (31.8) 30 (20) 17 (11.3) 11 (7.3) NR 2 (1.3) 6 (4) NR
HA 322 (68.2) 62 (19.3) 34 (10.6) 17 (5.3) NR 11 (3.4) 36 (11.2) NR

Dai et al.36 (2015) TA 52 (55.9) 2 (3.8) 1 (1.9) 1 (1.9) NR NR 1 (1.9) 0
HA 41 (44.1) 1 (2.4) 1 (2.4) 0 NR NR 2 (4.9) 0

Driever et al.28 (2003) TA 30 (71.4) NR NR NR NR NR NR NR
HA 12 (28.6) NR NR NR NR NR NR NR

Fichadiya et al.35 (2019) TA 28 (29.5) 12 (42.9) NR 7 (25) 4 (14.3) NR 3 (10.7) NR
HA 67 (70.5) 18 (26.9) NR 3 (4) 3 (4.5) NR 25 (37.3) NR

Inoue et al.30 (2016) TA 161 (48.2) NR NR NR NR NR NR 73 (45.3)
HA 173 (51.8) NR NR NR NR NR NR 10 (5.8)

Kim et al.31 (2018) TA 32 (34) NR NR NR NR NR NR NR
HA 62 (66) NR NR NR NR NR NR NR

Omura et al.9 (2016) TA 88 (44.7) 35 (39.8) 4 (4.5) 14 (15.9) 19 (21.6) 5 (5.7) NR 53 (60.2)
HA 109 (55.3) 46 (42.2) 7 (6.4) 25 (22.9) 14 (12.8) 7 (6.4) NR NR

Shi et al.32 (2014) TA 84 (54.2) NR NR NR NR NR 12 (14.3) 0
HA 71 (45.8) NR NR NR NR NR 13 (18.3) 0

Shimamura et al.29 (2018) TA 29 (9.7) 8 (27.6) NR NR NR NR 5 (17.2) NR
HA 271 (90.3) 67 (24.7) NR NR NR NR 60 (22.1) NR

Vallabhajosyula et al.33 (2016) TA 31 (50.8) 7 (22.6) NR NR NR NR 3 (9.7) 31 (100)
HA 30 (49.2) 10 (33.3) NR NR NR NR 7 (23.3) 30 (100)

Xue et al.,34 arm 1 (2020) TA 54 (20.8) 17 (31.5) 5 (9.3) 4 (7.4) 6 (11.1) 2 (3.7) 2 (3.7) 0
HA 206 (79.2) 52 (25.2) 5 (2.4) 19 (9.2) 15 (7.3) 13 (6.3) 36 (17.5) 0

Xue et al.,34 arm 2 (2020) TA 425 (67.4) 135 (31.8) 17 (4) 41 (9.6) 58 (13.6) 19 (4.5) 23 (5.4) 161 (37.9)
HA 206 (32.6) 52 (25.2) 5 (2.4) 19 (9.2) 15 (7.3) 13 (6.3) 36 (17.5) 0

Values are n (%).
HA, hemiarch; NR, not reported; TA, total arch.
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Figure 2. 30-day mortality for the total arch vs hemiarch groups in the random-effects model. CI, confidence interval; DL, DerSimonian and Laird
estimation of summary effect.
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long-term follow-up with the total arch approach. Similarly,
Sá and colleagues observed that the aggressive approach with
TAR seemed to confer a better survival rate over time,
compared with the rate with the conservative approach, but
it did not seem to be associated with a lower risk of rein-
tervention.13 However, in their landmark analysis for reop-
eration, the authors revealed a possible benefit of the
aggressive approach beyond 7 years after the initial proced-
ure. In our study, we observed a trend toward improved
freedom from long-term aortic reoperation in the group with
Figure 3. (A) Renal failure requiring dialysis for the total arch group vs hemia
hemiarch groups in the random-effects model. CI, confidence interval.
TAR, which could stem from the higher proportion of pa-
tients receiving elephant trunks in the group with TAR.

We have noted that the indication for TAR varied widely
among the included studies. In the studies in which TAR was
performed in patients with arch tear or other indication for
arch replacement, such as arch aneurysm, circumferential arch
dissection, malperfusion, or connective-tissue disease, the
patients had comparable early and long-term mortality to
those with HAR, suggesting that patient selection is para-
mount in minimizing postoperative mortality in the acute and
rch groups in the random-effects model. (B) Stroke for the total arch vs



Figure 4. (A) Prolonged ventilation for the total arch group vs hemiarch groups in the random-effects model. (B) Permanent spinal cord injury for the
total arch group vs hemiarch groups in the random-effects model. (C) Visceral ischemia for the total arch group vs hemiarch groups in the random-
effects model. (D) Reoperation for bleeding for the total arch vs hemiarch groups in the random-effects model. CI, confidence interval.

Hage et al. 1083
Arch Repair for Acute Type A Aortic Dissection
high-risk setting of an ATAAD, in which surviving the peri-
operative phase is the first-order priority.

The findings of this meta-analysis are in keeping with
those of previous single-centre studies, showing that TAR,
as compared to HAR, is associated with an increased initial
short-term hazard (30-day mortality and in-hospital com-
plications) but that TAR results in improved long-term
outcomes, in both survival likelihood and freedom from
reoperations. These results, however, should not be gener-
alized blindly, and the decision to perform a TAR vs a HAR
should be carefully tailored to both each individual patient
and the resources available. The decision to perform a TAR
should be based on the following: the presence of a clear
surgical indication (tear in the arch, arch aneurysm,
circumferential arch dissection, malperfusion, or connective-
tissue disease); patients’ comorbidities and likelihood of
living long enough to see a long-term benefit; the surgeon’s
experience level; and the resources available to perform a
TAR safely. Several of these considerations have been
investigated and confirmed already (such as the relationship
between a centre’s volume and surgical outcomes), but
many remain to be studied.
Limitations

Our analysis has some limitations. All of the studies
included in our analysis were retrospective, and they
therefore were limited by the intrinsic biases they may
carry, notably the selection bias (confounding by indica-
tion) created by patients having to meet certain criteria to
undergo TAR. As in any meta-analysis that pools results
from different studies, differences in the characteristics of
the individual studies included in the analysis are ex-
pected. To account for the between-studies variabilities,
we performed our meta-analysis using random-effects
(rather than fixed effects). Some of the outcomes have
residual heterogeneity. We have attempted to understand
the source of this heterogeneity, and we have performed
subgroup analyses taking into account malperfusion as a
possible confounder and a surrogate for the severity of
clinical status. However, accounting for all patients’ pre-
operative characteristics and surgeons’ expertise that could
create residual confounding was not possible. Also, the
subgroup analysis combined all types of malperfusion and
did not stratify by type of malperfusion, owing to lack of



Figure 5. (A) Long-term mortality for the total arch group vs hemiarch groups in the random-effects model. (B) Long-term unplanned aortic reop-
eration for the total arch vs hemiarch groups in the random-effects model. CI, confidence interval.
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statistical power. As for the surgeon experience and/or
centre volume, the data from this metanalysis do not allow
us to make any conclusion on this matter; however,
several studies have shown improved outcomes in high-
volumes centres.37,38

Conclusion

This meta-analysis has demonstrated that TAR is associ-
ated with a trend toward improved freedom from long-term
aortic reoperation but also with potentially increased
Figure 6. Subgroup analysis for long-term mortality, stratifying studies based
hemiarch groups. CI, confidence interval; DL, DerSimonian and Laird estima
perioperative risks. Early and late postoperative mortality
appeared to be confounded by preoperative malperfusion,
which was more prevalent in the patients with TAR.
Ethics Statement
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