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Background: Despite recent advances in aortic surgery, acute type A aortic dissection remains a surgical 
emergency associated with high mortality and morbidity. Appropriate management is crucial to achieve 
satisfactory outcomes but the optimal surgical approach is controversial. The present systematic review and 
meta-analysis sought to access cumulative data from comparative studies between hemiarch and total aortic 
arch replacement in patients with acute type A aortic dissection.
Methods: A systematic review of the literature using six databases. Eligible studies include comparative 
studies on hemiarch versus total arch replacement reporting short, medium and long term outcomes. A 
meta-analysis was performed on eligible studies reporting outcome of interest to quantify the effects of 
hemiarch replacement on mortality and morbidity risk compared to total arch replacement.
Result: Fourteen retrospective studies met the inclusion criteria and 2,221 patients were included in the 
final analysis. Pooled analysis showed that hemiarch replacement was associated with a lower risk of post-
operative renal dialysis [risk ratio (RR) =0.72; 95% confidence interval (CI): 0.56–0.94; P=0.02; I2=0%]. 
There was no significant difference in terms of in-hospital mortality between the two groups (RR =0.84; 
95% CI: 0.65–1.09; P=0.20; I2=0%). Cardiopulmonary bypass, aortic cross clamp and circulatory arrest times 
were significantly longer in total arch replacement. During follow up, no significant difference was reported 
from current studies between the two operative approaches in terms of aortic re-intervention and freedom 
from aortic reoperation.
Conclusions: Within the context of publication bias by high volume aortic centres and non-randomized 
data sets, there was no difference in mortality outcomes between the two groups. This analysis serves 
to demonstrate that for those centers doing sufficient total aortic arch activity to allow for publication, 
excellent and equivalent outcomes are achievable. Conclusions on differences in longer term outcome data 
are required. We do not, however, advocate total arch as a primary approach by all centers and surgeons 
irrespective of patient characteristics, but rather, a tailored approach based on surgeon and center experience 
and patient presentation. 
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Systematic Review

Introduction

Within cardiac surgery, acute type A aortic dissection is 
an inherently lethal surgical emergency and remains a 
challenging condition associated with high mortality and 
morbidity (1). In most patients, the aortic dissection process 
frequently extends through the arch and the conventional 

treatment has been hemiarch replacement leaving the 
downstream aorta untouched (2,3). Several study groups, 
with the aim to reduce the risk of re-intervention and to 
obliterate the false lumen, recommended a more extensive 
approach involving total replacement of aortic arch with 
possible elephant trunk in selected patients (4,5). This 



157Annals of cardiothoracic surgery, Vol 5, No 3 May 2016

© Annals of Cardiothoracic Surgery. All rights reserved. Ann Cardiothorac Surg 2016;5(3):156-173www.annalscts.com

complicated procedure posed a great challenge to cardiac 
surgeons, as the technique of total arch replacement 
requires a certain level of expertise and experience and the 
long-term outcomes are not well established. 

It is not surprising that there are no randomized 
controlled trials in this setting as ethical approval would 
not be forthcoming. A recent registry study, GERAADA (6)  
based in Germany presents the largest registry worldwide 
documenting patients undergoing surgery for acute 
type A dissection. The surgical outcomes between total 
and hemiarch replacement were compared and the data 
suggested that a more aggressive approach could be 
applied without higher early peri-operative risk. Despite 
recent enthusiasm and the increased utilization of the 
more extensive approach, many cardiac surgeons remain 
divided over the issue of the extent of graft replacement and 
there is a lack of robust clinical data comparing total arch 
replacement with the conventional approach of hemiarch 
replacement. 

The present systematic review and meta-analysis aims 
to formally access cumulative data from the literature 
comparing hemiarch and total aortic arch replacement 
in patients with acute type A dissection. We aim to 
access the possible mortality and morbidity cost of open 
distal anastomosis and ascending surgery with hemiarch 
replacement versus a more extensive total aortic arch 
replacement with frozen elephant trunk in patients with 
acute type A aortic dissection.

Methods

Literature search strategy

An electronic search was performed on the following 
database: PubMed, Ovid Medline, Scopus science direct, 
Embase, Web of Knowledge, The Cochrane Library from 
January 2000 to February 2016 using MeSH terms. To 
achieve maximum sensitivity of search strategy and identify 
all relevant studies, we combined the terms ‘total arch’ or 
‘extensive replacement’ or ‘hemiarch’ or ‘proximal repair’ or 
‘arch replacement’ or ‘aortic replacement’ or ‘arch repair’ or 
‘limited ascending replacement’ or ‘open distal anastomosis’ 
or ‘stent’ or ‘frozen elephant trunk’ AND ‘acute type A 
dissection’ or ‘DeBakey type 1 aortic dissection’ as either 
key words or MeSH terms. The publications were limited 
to English language and human subjects. Case reports, 
abstracts, expert opinions, editorial comments, review 
articles, studies without full texts were excluded to maintain 

consistency of studies. Some additional studies were 
identified from the reference list of the studies. 

Selection criteria

Eligible studies encompass comparative studies allowing 
the assessment of short, medium and long-term outcomes. 
All studies comparing hemiarch and total aortic arch 
replacement directly were included. Hemiarch replacement 
is defined as the proximal arch repair beyond the level of the 
innominate artery without involving the arch vessels, and 
total arch replacement is the replacement of supra-aortic 
vessels as an island or individual branched grafts. Type of 
participants includes adult patients more than 18 years old 
presenting with acute type A aortic dissection. All duplicates 
were removed and where multiple observational studies 
were published by a single institution, the largest and most 
informative study with complete follow up data was chosen. 
The authors from the studies included were contacted to 
retrieve any information required.

Data extraction and critical appraisal 

After initial screening and evaluation of records by two 
independent reviewers, data on all full-text articles were 
independently collected and reviewed by two investigators 
(SS Poon and T Theologou) when potential abstracts 
were selected. The qualities of papers were assessed 
independently by authors for suitability, consistency, and 
adequacy of study design and patient selection according 
to the Cochrane handbook for Systematic Reviews of 
Intervention. We followed the recommendation for quality 
and bias assessment using the Newcastle-Ottawa Score 
(NOS) (7). This scale uses a star-based rating system and 
a score of 0–9 was given to each study (9= lowest risk 
of bias; 0= highest risk of bias) to assess bias on three 
levels: selection, comparability and outcomes. A score of  
≥7 indicates the absence of substantial bias. The scoring 
is performed by two independent authors. Finally, before 
the extracted data were analyzed, any discrepancies were 
resolved by consensus and the final results were reviewed by 
senior investigators (M Field, D Harrington, M Kuduvalli 
and A Oo) Data were extracted and stored within a database 
spreadsheet (Microsoft Excel and Word). 

Statistical analysis

A meta-analysis was performed by combining results from 
all selected studies reporting the incidence of outcome of 
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interest. In the present study, assessment of studies was 
performed using fixed effect model with inverse variance 
where it was assumed that there were clinical variations 
between studies. Dichotomous data were presented in the 
form of risk ratios (RRs) as a summary of statistics and 
effect measure with 95% confidence interval (CI). RRs were 
derived from the relative frequencies from the studies where 
available. For continuous data, the mean difference was used 
as an effect measure instead. Assessment of heterogeneity 
within the data set was performed using chi-squared test (X2). 
I2 test was used to estimate the percentage of total variation 
across studies that are due to heterogeneity rather than 
chance. I2 can be readily calculated as I2=100%×(Q−df)/Q  
where Q is Cochran’s heterogeneity statistics and df the 
degree of freedom. All P value was two sided. Given the 
importance of late remodeling in stented arch grafts, pooled 
hazard ratio (HR) was used to aggregate time-to-event 
outcomes (freedom from aortic reoperation) using method 
as described by Tierney et al. (8). The data were derived 
from studies presenting Kaplan-Meier curve and/or the 
numbers at risk. HR is estimated using the number of events 
and the numbers at risk during a particular interval. Taking 
all time intervals and censoring into account and using the 

equation as described by Tierney et al., a pooled HR was 
obtained. Publication bias was assessed using funnel plots 
comparing log risk estimates with their standard errors. 
Begg rank correlation and Egger regression test were used 
to assess funnel plot asymmetry qualitatively. All statistical 
analysis was conducted using Review Manager (Revman) 5.3 
Copenhagen (The Nordic Cochrane Centre, The Cochrane 
Collaboration, 2014) and Comprehensive Meta-analysis 
version 3.

Results

Quantity and quality of evidence

After applying selection criteria, 14 comparative studies were 
retrieved. The selection process is presented in Figure 1  
according to the Preferred Reporting Items for Systematic 
reviews and Meta-analyses (PRISMA) checklist (9). All 
14 studies included were retrospective observational 
studies, including 1,435 patients who underwent hemiarch 
replacement and 786 total arch replacements, giving a total 
of 2,221 patients. An overview of the studies was shown in 
Table 1. 

Figure 1 Preferred Reporting Items for Systematic reviews and Meta-analyses (PRISMA) flow chart detailing the selection process and final 
inclusion of articles. 

Pubmed, Ovid Medline, Cochrane Library, Scopus, Embase, Cinahl,  
Web of knowledge, Jan 2000−Feb 2016, 7,495 citations

7,495 record identified

Inclusion/exclusion 
criteria applied

161 articles retrieved

7,334 articles excluded after  
title/abstract screen

Inclusion/exclusion 
criteria applied

141 articles excluded after  
full text screen: 
Editorial [12] 
Not comparative [57]
Case report/series/inadequate 
sample [23]
Poor quality [11]
Abstract only [9]
Experimental studies [16]
Non-adult population [13]

7 articles excluded during data extraction due to  
lack of individual data on Hemi/Total arch

14 articles included, including 1 additional article by the reviewer, 3 from the reference list of studies
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Basic demographics

Baseline characteristics such as age, male sex, diabetes, 
hypertension, history of cerebrovascular accident and renal 
dysfunction, cardiogenic shock and the extent of dissection 
were summarized in Tables 2,3. 

Surgical technique

For hemiarch replacement, the arch was transected 
obliquely with the removal of most part of the small 
curvature of the arch followed by open distal anastomosis. 
In patients undergoing total arch replacement, the re-
implantation of supra-aortic vessels can be done ‘en 
bloc’ as an island or vessels anastomosed individually via 
branched or trifurcated graft. Some centres introduced an 

intraluminal stent graft into the true lumen of the distal 
arch using open aortic technique. The graft was cross-
clamped and antegrade perfusion was resumed through a 
side branch. Hemiarch replacement was performed when 
the intimal tear is localized along the ascending aorta or 
the lesser curvature of the transverse arch. In patients with 
an intimal tear localized along the greater curvature close 
to the supra-aortic vessels, total arch replacement was 
performed. Concomitant stent graft was deployed in eight 
studies (4,10,13,17,18,20-22). In total arch replacement 
with frozen elephant trunk, the deployment of stent graft 
was described differently between studies. In brief, the 
stent graft was delivered in an antegrade fashion into the 
true lumen of the descending thoracic aorta. Once the 
stent graft is properly landed, the distal aorta incorporating 

Table 1 An overview of publication from selected studies

First author Year
Study 
period

Centers
No. of 
hemiarch

No. of 
total arch

Total sample 
size, n

Mean follow  
up time

Newcastle  
Ottawa  
Score

Shi (10) 2014 2006–2011 Shenyang, China 71 84 155 42.7±17.8 months  
(3.6 years)

8

Ohtsubo (11) 2002 1989–2001 Saga, Japan 23 24 47 42.0±36 months (0– 
147 months) (3.5 years)

7

Tan (12) 2003 1986–2001 Nieuwegein, The 
Netherlands

53 17 70 2.6 years (0–14.5 years) 8

Uchida (13) 2009 1997–2008 Hiroshima, Japan 55 65 120 67 months (3– 
124 months) (5.6 years)

7

Rylski (14) 2014 2001–2013 Freiburg, 
Germany

37 14 51 4.9 years 45% >5 years 9

Kim (15) 2010 1999–2009 Seoul, South 
Korea

144 44 188 47.5 months (0– 
130.4 months) (4.0 years)

9

Shiono (16) 2006 1995–2005 Tokyo, Japan 105 29 134 FU up to 10 years 8

Zhang (17) 2014 2002–2010 Shanghai, China 74 88 162 55.7±33.1 months  
(4.6 years)

7

Sun (4) 2014 2003–2008 Beijing, China 66 148 214 42–49 months  
(3.5–4.1 years)

8

Di Eusanio (18) 2015 1997–2012 Bologna, Italy 187 53 240 4.8±3.9 years  
(0.1–15.5 years)

8

Rice (19) 2015 NS Texas, USA 440 49 489 49 months 9

Omura (20) 2016 1999–2014 Kobe, Japan 109 88 197 60±48 months 9

Vallabhajosyula 
(21)

2015 2006–2013 Philadelphia, USA 30 31 61 60±41 months 7

Dai (22) 2015 2008–2010 Fujian, China 41 52 93 64±5.3 months 7
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the stent graft was securely anchored to the distal trunk 
of the branched prosthetic graft using the open aortic 
procedure. The use of ball-shaped sizer into the true lumen 
of the descending aorta under transesophageal ultrasound 
guidance has been described (13,17). The neuroprotective 
strategies are summarized in Table 4.

Primary outcomes

Mortality
Pooled analysis from 14 studies showed no significant 
differences in terms of in-hospital mortality between 
hemiarch (HA) and total arch replacement (TA), RR 
=0.84; 95% CI: 0.65–1.09; P=0.20; I2=0%. These results 
are presented in the forest plot, shown as Figure 2. The 
mortality rate ranged from 3.60–24.1% for hemiarch 
replacement and 3.85–28.57% for total arch, as shown in 
Figure 3.

Secondary outcomes

Neurological events
The incidence of temporary and permanent neurological 
deficit was reported in 7 and 11 studies respectively. 
Temporary neurological dysfunction is defined as any the 
following clinical presentation such as the transient loss 
of orientation, slurred speech, poor response to command 
or any focal neurological deficits that resolved completely 
during follow up. Permanent neurological dysfunction 
is defined as any post-operative neurological deficits 
resulting from intraoperative procedure that did not 
resolve completely such as coma and stroke, confirmed by 
radiography or clinically by neurology consultation. From 
the available data, there were no significant differences 
between the two groups (temporary: RR =0.77; 95% 
CI: 0.56–1.07; P=0.13, I2=0%; permanent: RR =0.82; 
95% CI: 0.52–1.31; P=0.42; I2=15%) (Figures 4,5).  
A further subset analysis for new-onset stroke from 
permanent neurological dysfunction did not demonstrate 
any differences between the two groups (RR =0.88; 95% CI: 
0.48–1.62; P=0.68; I2=0).

Renal dialysis, ventilation >72 hours, re-operation for 
bleeding
Based on a pooled analysis on ten studies, the incidence 
of post-operative renal dialysis was significantly lower in 
hemiarch replacement (RR =0.72; 95% CI: 0.56–0.94; P=0.02; 
I2=0%) (Figure 6). Post-operative ventilation >72 hours and 

re-operation for bleeding were reported in five and eight 
studies and there was no significant difference between the 
two groups (P=0.14 and 0.45 respectively).

Operative times
The duration of cardiopulmonary bypass time (MD 
=47.86 min; 95% CI: 44.37–51.35; P<0.00001; I2=97%), 
cross clamp time (MD =18.68 min; 95% CI: 5.94–31.43; 
P<0.0001; I2=95%) and circulatory arrest time (MD 
=10.73 min; 95% CI: 3.39–18.07; P=0.004; I2=97%) were 
significantly longer in total arch replacement. These results 
are shown in Table 5 respectively. 

Aortic re-operation (proximal and distal)
Overall the rate of aortic reoperation for proximal and 
distal aorta was 5.6%. Follow up studies from 12 studies 
comprising 1,651 patients showed that the rate of re-operation 
for proximal and distal aorta was 7.3% in hemiarch and 3.3% 
in extensive total arch replacement, although there was no 
statistical significance detected between the two groups (RR 
=1.45; 95% CI: 0.93–2.28; P=0.10, I2=23%) (Figures 7,8). 

Publication bias

Following funnel plot analysis, Begg & Mazumdar rank 
correlation (Kendall’s Tau =−0.064, 1-tailed P value =0.38) 
and Egger regression test (intercept =−0.51, 1-tailed P value 
=0.20, 2-tailed P value =0.41) indicated that publication bias 
was not statistically significant when analyzing in-hospital 
mortality (Figure 9). Similarly, publication bias was not a 
significant influencing factor when late events such as aortic 
re-operation were analyzed. (Begg’s test, 1-tailed P value 
=0.30; Egger’s regression, 1-tailed P value =0.12). Trim and 
Fill analysis indicated no studies were missing. 

Discussion

Acute type A aortic dissection remains a challenging surgical 
emergency associated with high mortality and morbidity 
despite advances in the last few decades. According to 
the International Registry of Acute Aortic Dissection  
(IRAD) (1), the mortality for surgically treated patients is 
around 26%. Whether or not, and to what extent the aortic 
arch should be replaced is an ongoing debate. Current 
evidence indicates that the dissection process frequently 
extends through the arch in most patients and that an aortic 
arch repair is warranted (23). However, there are several 
factors that influence management of the distal ascending 
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aorta and arch and therefore the type of surgical repair 
(10,12,16). If the tear is localized in the root, ascending or 
proximal aorta, hemiarch replacement is usually adequate to 
save a patient life. On the other hand, when the intimal tear 
is located near the origins of supra-aortic vessels, total aortic 

arch replacement might be necessary to eliminate the intimal  
tear (24). The choice of management was based on the 
surgeon’s preference and most aortic centers advocated a 
conservative tear-oriented strategy, as the primary objective 
in this high-risk group of patients has to be the survival 

Figure 2 In-hospital mortality. RR =0.84 (95% CI: 0.65–1.09), P=0.20, I2=0%. RR, risk ratio; CI, confidence interval.

Figure 3 The in-hospital mortality of hemiarch vs. total arch replacement in acute type A dissection. It ranged from 3.60–24.1% for 
hemiarch replacement and 3.85–28.57% for total arch replacement.
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of patients and adequate resection of dissected aortic wall 
(25,26). However, there is a tendency to perform a more 
extensive total aortic arch replacement with frozen elephant 

trunk, especially in high-volume aortic centers as the 
standard treatment with the aim to potentially obliterating 
the patent false lumen of distal aorta and reducing the risk 

Figure 4 Temporary neurological dysfunction. RR =0.77 (95% CI: 0.56–1.07), P=0.13, I2=0%. RR, risk ratio; CI, confidence interval.

Figure 5 Permanent neurological dysfunction. RR =0.82 (95% CI: 0.52–1.31), P=0.42, I2=15%. RR, risk ratio; CI, confidence interval.

Figure 6 Renal dialysis. RR =0.72 (95% CI: 0.56–0.94), P=0.02, I2=0%. RR, risk ratio; CI, confidence interval.
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Table 5 Meta-analysis of primary and secondary outcomes

Outcome No. of patients No. of studies RR/WMD (95% CI) P value Heterogeneity, I2

Mortality 2,221 14 0.84 (0.65–1.09) 0.20 0

Temporary neurological dysfunction 954 8 0.77 (0.56–1.07) 0.13 0

Permanent neurological dysfunction 1,938 11 0.82 (0.52–1.31) 0.42 15

New-onset stroke 1,458 8 0.88 (0.48–1.62) 0.68 0

Renal dialysis 1,955 10 0.72 (0.56–0.94) 0.02 0

Ventilation >72 hours 861 7 0.77 (0.55–1.08) 0.13 0

Cardiopulmonary bypass time 1,966 11 −47.86 (−44.37 to 51.35) <0.00001 97

Cross clamp time 1,225 7 −18.68 (−5.94 to 31.43) <0.0001 95

Circulatory arrest time 1,195 7 −10.73 (−3.39 to 18.07) <0.00001 97

Rate of aortic re-operation (proximal 
and distal)

1,651 12 1.45 (0.93–2.28) 0.10 23

RR, risk ratio; CI, confidence interval; WMD, weighted mean difference.

Figure 7 Aortic re-operation. RR =1.45 (95% CI: 0.93–2.28), P=0.10, I2=23%. RR, risk ratio; CI, confidence interval.

Figure 8 Pooled HR for freedom of re-operation. Overall HR =0.73 (95% CI: 0.46–1.18), P=0.20, I2=13%. HR, hazard ratio; CI, confidence 
interval.
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of aortic dilatation and late aortic re-intervention (4,27,28). 
Other factors that may push a surgeon to perform a total 
arch replacement are age, syndromic disease, aneurysm or 
extensive aortic arch destruction. There are encouraging 
reports for this technique but the complicated procedure 
of total arch replacement still posed a great challenge and 
steep learning curve to many cardiac surgeons. When a 
long-term stent graft is inserted, the risk of paraplegia and 
spinal cord injury must be considered due to extensive 
sacrifice of spinal arteries impairing collateral blood flow 
to the spinal cord, combined with inadequate protection 
during the operation (14). The longer cardiopulmonary 
bypass and cardiac arrest time, aortic cross-clamping time 
and cerebral perfusion time might inevitably be associated 
with post-operative cardiac and cerebral injury and organ 
dysfunction (25,29-32). In some cases, extending the initial 
surgery to total arch replacement might not be able to 
eliminate the entire dissection in the downstream aorta, e.g., 
at the level of coeliac trunk and iliac arteries (14). 

Our meta-analysis is contemporary to a similar study 
published recently (33). However, the previous meta-
analysis included studies only up to September 2014, 
indicating the potential weaknesses of the outdated search 
strategy. Also, the review included the data from a registry 
study (GERAADA) which accounted for the majority of 
their early mortality pooled analysis outcome (54.4%) in 
the absence of long term end-points to justify the necessity 
of possible aortic re-intervention for patients treated for 

acute type A aortic dissection by either hemiarch or total 
arch replacement. As acknowledged by the authors, fewer 
than ten studies were included in their initial analysis which 
might limit the convincingness of their conclusion and 
the Newcastle-Ottawa Score (NOS) for the GERAADA 
study was six. We have excluded studies with an NOS 
score of less than seven due to risk of substantial bias. Our 
up to date search strategy resulted in six more key and 
balanced studies (12,18-22) comparing conservative versus 
extensive arch replacement, resulting in comparison of 1,435 
conservative hemiarch replacement and 786 extensive total 
arch replacement as opposed to 1,236 proximal and 646 
extensive replacement in the earlier published review. The 
estimates provided by our review for long-term follow-up 
data are more robust due to inclusion of more follow-up 
studies and time-to-event analysis of freedom from aortic 
re-operation, in addition to initial published studies. We 
have included ancillary outcomes such as temporary and 
permanent neurological dysfunction, ventilation beyond 
72 hours, re-operation for bleeding, renal dialysis, long-
term survival data, mortality data for late re-operation and 
pooled hazard ratio for freedom of aortic re-operation as 
part of our review. To overcome the baseline differences 
between the two study groups, we have described a novel 
method of reporting the neuroprotective strategies and the 
pooled mean of pre-operative parameters with statistical 
significance. These were not addressed in the previous 
meta-analysis. 

To systematically evaluate the operative outcomes of 
conservative hemiarch replacement versus a more extensive 
total arch replacement, the present meta-analysis identified 
all eligible comparative studies in the existing literature. 
Data from the meta-analysis suggested that hemiarch 
replacement was associated with a lower risk of renal 
dialysis post-operatively. There was no significant difference 
in terms of mortality between the two groups despite a 
higher risk profile for the hemiarch group. Operative times 
such as cardiopulmonary bypass, aortic cross clamp and 
circulatory arrest times were significantly longer in total 
arch replacement. There was no significant difference 
between the two operative approaches in terms of long term 
survival and freedom from aortic reoperation during follow 
up. More importantly, the type of arch replacement and 
complete thrombosis of false lumen did not correlate with 
aortic re-operation both proximally and distally, and the 
mortality associated with re-operation for aortic dilatation 
is low. 

Figure 9 Funnel plot in-hospital mortality. Begg & Mazumdar 
rank correlation (Kendall’s Tau =−0.064, 1-tailed P value =0.38) 
and Egger regression test (intercept =−0.51, 1-tailed P value =0.20, 
2-tailed P value =0.41) indicated that publication bias was not 
statistically significant when analyzing post-operative mortality.
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Our study showed that arch replacement alone does 
not necessarily compromise short-term survival, and that 
hemiarch replacement is associated with favorable early 
morbidity which could be in part attributed to shorter 
operative times and less aggressive initial surgery. In a 
large study by Estrera and associates (19), 440 proximal 
arch repairs (hemiarch) were compared with 49 total arch 
replacements. The 30-day mortality was 20.4% for total 
arch replacement and 12.9% for hemiarch replacement, 
although the results did not reach statistical significance 
(P=0.150). Sun et al. (4) matched 148 patients who 
underwent total arch replacement with stented elephant 
trunk over a 42-month period to conservative arch repair. 
They demonstrated no significant difference in mortality 
between the two groups (4.7% vs. 6.1% respectively; 
P=0.741). Shi and Zhang et al. (4,17) included patients 
without an intimal tear in the arch, and excluding these 
studies from the pooled analysis did not yield any differences 
in terms of mortality (P=0.21). Similar observation was 
also reported in a registry study (GERAADA) where the 
mortality rate is slightly lower in the hemiarch group (6). 
Despite our findings that total arch replacement was not 
associated with significantly higher mortality compared 
to the more conservative approach, the results may not 
be seen in low volume centers where most patients with 
acute dissection undergo surgery (34). More importantly, 
the higher incidence of pre-operative cardiogenic shock 
and tamponade in the hemiarch cohort (P=0.0003) may 
theoretically increase the mortality, resulting in comparable 
pooled mortality results between the two groups. Thus, in 
patients presenting with cardiogenic shock or tamponade, 
a more conservative approach may be recommended. 
However, it remained unclear whether the pre-operative 
status of patients or the intra-operative skills of surgeons 
was the primary factor that influenced the mortality 
observed between the two groups. A recent study on a 
national database by Chikwe et al. (35) demonstrated that 
patients with acute dissections operated on by lower-volume 
surgeons have approximately double the mortality-adjusted 
risk compared to patients operated by higher-volume 
surgeons. Thus, in centers where total arch replacement 
with frozen elephant trunk is not routinely performed, 
such a strategy might not be appropriate, especially in the 
emergency setting. 

Preventing ischemic injury to the central nervous system 
in aortic arch surgery has been a substantial challenge and 
this might influence the operative strategy chosen for aortic 
arch replacement (36-38). The present meta-analysis did not 

identify any statistical significant differences in new-onset 
stroke and risk of paraplegia between the two groups. The 
incidence of paraplegia and spinal cord injury was reported 
in six studies with no significant differences between the 
two groups. In a large series of 214 patients presenting with 
acute type A dissection, Sun et al. (4) reported two cases of 
paraplegia (1.4%) in the total arch replacement with frozen 
elephant trunk group, although it did not reach statistical 
difference (P=1.0). Similarly, Kim et al. (15) reported two 
cases of paraplegia post-operatively, one in each group (2.3% 
and 0.7% respectively). These data support the premise 
that neurological events are a result of multi-factorial 
events, and that effective cerebral protection, rather than 
the extent of graft replacement, independently predicts 
neurological complications. Moreover, given the operative 
complexity, it is not surprising that that selective antegrade 
cerebral perfusion (SACP) is more commonly used in 
total arch replacement with a longer duration of perfusion 
time. The data is tabulated in Table 4. To some extent, 
this alternative neuroprotection strategy may account for 
the similar rate of temporary and permanent neurological 
deficits observed in both groups. In general, the current 
trend of temperature and neuroprotection strategy involved 
moderate hypothermic circulatory arrest (MHCA) with 
SACP for aortic arch replacement. Whether it is best done 
using unilateral/bilateral perfusion or axillary/femoral 
cannulation is still a matter of debate. In keeping with other 
studies, the longer cardiopulmonary bypass, aortic cross 
clamp, and cardiac arrest time with total arch replacement 
might be directly related to cardiac, cerebral and organ 
injuries (30,31). In this meta-analysis, the incidence of post-
operative renal dialysis was significantly higher in total arch 
replacement. This might be directly related to prolonged 
bypass and visceral ischaemic time. Estrera and associates at 
Houston reported a higher need of post-operative dialysis 
in the total arch cohort (27.1%) compared to the proximal 
arch cohort (17.6%) and that a pre-operative eGFR of less 
than 60 mL/min/1.73m2 is independently associated with 
increased mortality (19) (HR 1.48, P=0.027). In addition, 
Kim et al. (15) also reported a higher incidence of renal 
dialysis post operatively, 29.5% in total arch and 21.5% 
in hemiarch replacement in a series of 188 patients, 
although this did not reach statistical significance (P=0.27). 
Prolonged cardiopulmonary bypass will likely have an 
impact, especially on renal hemodynamics, and these 
potentially modifiable changes can be associated with 
regional renal injury post-operatively (39,40).

Comparing a cohort of 197 consecutive patients, Omura 
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et al. (20) found comparable 5- and 10-year survivals 
after discharge from hospital between the two groups, 
88.6%±4.2% and 83.6%±4.4% for total arch replacement 
and 83.8%±4.4% and 76.5%±5.8%, in the conservative 
arch group respectively, P=0.54. This compares favorably 
with eight other studies included. Kim et al. (15) reported 
slightly better survival in the hemiarch group at five years, 
83.2%±3.3% vs. 65.8%±8.3%, P=0.013 after adjusting for 
multivariate variables. On the contrary, Uchida et al. (13) 
(95.3% vs. 69%, P=0.03) and Rylski et al. (14) ( 79% vs. 
64%, P=0.0062) reported slightly greater survival for total 
arch replacement at five years but this may be explained 
by lower risk profile. In terms of freedom from aortic re-
intervention, multiple cohort studies have shown equivalent 
results between hemiarch and total arch replacement. In a 
recent study by Omura et al. (20), with a follow up period of 
up to ten years, the freedom from elective aortic reoperation 
was 91.7% for total arch and 83.3% for conservative arch 
replacement, with no significant difference between the two 
groups (P=0.20). The survival data from various centres also 
showed that elective aortic arch repair can be performed in 
future re-operation with low and acceptable mortality risk 
and thus can be deferred, as shown in ten studies. Data on 
long term survival and freedom from aortic reoperation is 
shown in Table 6.

The behavior of the false lumen following surgery 
was examined with computed tomography (CT) imaging 
in seven studies (11,15-17,20,23,24). Omura et al. (20) 
monitored 128 (74.4%) hospital survivors with post-
operative CT performed twice, at least 6 months apart, 
to determine the aortic growth rate. During follow up, 
the diameter of aorta at the level of the distal arch and 
mid-descending aorta was 36.2±4.9 and 32.1±4.0 mm 
respectively. The diameter of the distal arch exceeded 
50 mm in three (3.4%) and eight patients (7.3%) who 
underwent total arch replacement and conservative arch 
management. In three other studies, the distal aorta 
was dilated >55 mm in 16.9%, 5.6% and 6.9% in the 
hemiarch group and 5.4%, 4.7% and 4.5% in the total arch 
replacement group, although no significant differences were 
detected (P=0.57). In terms of complete thrombosis of the 
false lumen, Zhang et al. (17) reported 100% thrombosis 
at the transverse arch and proximal descending aorta and 
45.1% at diaphragmatic level during 6–12 months of follow 
up. On the contrary, the formation of complete thrombosis 
was only seen in 38.4%, 24.6% and 20.3% at the level 
of the transverse arch, proximal descending aorta and 

diaphragm in the hemiarch group. Total arch replacement 
with a stent may promote false lumen thrombosis, but 
in two other studies where primary tear resection was 
accomplished in 92% and 97.6% of patients, no significant 
differences were detected in the patency of the false lumen 
during follow up (11,16). This suggests that the incidence of 
a patent false lumen might not be influenced by the extent 
of resection but rather, successful resection of the primary 
tear. Moreover, since the false lumen can remain patent at 
the diaphragmatic level despite total arch replacement with 
concomitant stenting, this highlights the importance of 
continuous and frequent CT monitoring post-operatively, 
regardless of the surgical approach. 

Limitations

The present study was limited by several factors. Firstly, 
this was a retrospective analysis of observational studies 
with inherent drawbacks. Unmeasured confounders, as well 
as publication and detection bias could exist, especially with 
the inclusion of high-volume centers performing total arch 
replacement who published acceptable outcomes. Hence, 
the results might not be representative of all institutions 
as discussed earlier. Without appropriate randomization, 
the results may reflect the patient’s characteristics and 
surgeon’s level of experience rather than the surgical 
approach. In terms of time-related outcomes, although 
they were statistically significant, there remained significant 
heterogeneity in the studies, which may in part reflect 
the varying degree of complexity involved in aortic arch 
replacement for type A dissection between individual 
institutions. Finally, treatment bias was evident in the 
studies, as total arch replacement was more commonly 
performed in younger patients, those with Marfan 
syndrome. This may reflect that each surgeon has different 
experience and comfort levels for the treatment of type 
A dissection, and it may be difficult to account for this 
preference bias.

Conclusions

Within the context of publication bias by high volume 
aortic centres and non-randomized data sets, there was 
no difference in mortality between the two groups. This 
analysis serves to demonstrate that for those center 
performing sufficient total aortic arch procedures to allow 
for publication, excellent and equivalent outcomes are 
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Table 6 Studies reporting intermediate and long term outcomes

Author, year Institution Survival ( HA vs. TA)**
Freedom from aortic  
reoperation (HA vs. TA)**

Mortality from aortic 
reoperation ( HA vs. TA)

Shi et al., 2014 Shenyang, 
China

88.3% for whole cohort at 5 years, 
P=0.56

88% vs. 91.3% at 5 years, P=0.62; 
pooled HR =0.98 (95% CI: 0.30–3.23)

No death in either 
groups

Ohtsubo et al., 
2002

Saga, Japan 91.3%±5.9% vs. 44.4%±14.3% at 
5 years, P=0.018

93.8%±6.3% vs. 100%±0% at  
5 years, P=0.86; HR = NA

NS

Tan et al., 2003 Nieuwegein, 
Netherlands

66% and 40% at 5 and 10 years for 
whole cohort, P=0.84

96.3% and 77.0% at 5 and 10 years 
for whole cohort, P=0.21; pooled HR 
=1.05 (95% CI: 0.18–6.15)

No death in either 
groups

Uchida et al., 
2009

Hiroshima, 
Japan

69% vs. 95.3% at 5 years, P=0.03 70.3% vs. 88.6% at 5 years, P=0.02; 
pooled HR =0.31 (95% CI: 0.10–0.94)

None reported

Rylski et al., 
2014

Freiburg, 
Germany

64% vs. 79% at 5 years, P=0.0062 97%±3% vs. 100% at 5 years, 
P=0.440; pooled HR =0.25 (95% CI: 
0.00–25.30)

1 died in the hemiarch 
group

Kim et al., 2010 Seoul, South 
Korea

83.2%±3.3% vs. 65.8±8.3% at  
5 years, P=0.013

92.8%±2.8% vs. 88.0%±8.5% at  
5 years, P=0.87; pooled HR =1.71 
(95% CI: 0.39–7.46)

No death in either 
groups

Shiono et al., 
2006

Tokyo, Japan 63.5% vs. 80.8% at 10 years, 
P=0.72

60.9% vs. 76.6% at 10 years, P=0.48; 
pooled HR =0.78 (95% CI: 0.19–3.13)

No death reported in 
either groups

Zhang et al., 
2014

Shanghai, China 80.5% vs. 87.7% at 8 years, P=0.11 NS 1 died in hemiarch group

Sun et al., 2014 Beijing, China No significant differences, P=0.943 NS No death reported in 
either groups

Di Eusanio et al., 
2015

Bologna, Italy 57.2%±4.2% vs. 52.1%±9.9% at  
7 years, P=0.89

85.4%±3.9% vs. 71.6%±13.2% at  
7 years, P=0.29; pooled HR =1.56 
(95% CI: 0.53–4.58)

No death reported in 
either groups

Rice et al., 2015 Texas, USA 61.3% vs. 61.2% at 10 years, 
P=0.209

NS NS

Omura et al., 
2016

Kobe, Japan 76.5%±5.8% vs. 81.8%±7.6% at 
10 years, P=0.54

83.3%±5.3% vs. 91.7%±4.6% at  
10 years, P=0.20; pooled HR =0.32 
(95% CI: 0.10–1.01)

No death in either 
groups

Vallabhajosyula 
et al., 2015

Philadelphia, 
USA

73%±8.3% vs. 67%±8.6% at  
5 years, P=0.56

NS No death in either 
groups

Dai et al., 2015 Fujian, China 83.3% vs. 94.1% at 5 years, P<0.05 NS 1 died in hemiarch group 
due to descending 
aortic dilatation

Overall pooled 
HR (95% CI) 

NA NA 0.73 (95% CI: 0.46–1.18); P=0.20; 
I2=13%

NA

**, actuarial survival data and freedom from aortic reoperation were prepared using Kaplan-Meier cumulative survival method. Data were 
compared using the log-rank test. NS, not specified; HR, hazard ratio; CI, confidence interval; HA, hemiarch; TA, total arch.
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achievable. Conclusions on differences in longer term 
outcome data are required. We do not however advocate 
total arch as a primary approach by all centers and surgeons 
irrespective of patient characteristics, but rather, a tailored 
approach based on surgeon and center experience and 
patient presentation.
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Newcastle-Ottawa quality assessment scale 
(Table S1)

A study can be awarded a maximum of one star for each 
numbered item within the selection and outcome categories. 
A maximum of two stars can be given for comparability.

Selection

(I)	 Representativeness of the exposed cohort:
(i)	 Truly representative of the average patients 

presenting with acute type A dissection in the 
community*; 

(ii)	 Somewhat representative of the average patients 
presenting with acute type A dissection in the 
community*;

(iii)	Selected group of users e.g., nurses, volunteers;
(iv)	 No description of the derivation of the cohort.

(II)	 Selection of the non exposed cohort:
(i)	 Drawn from the same community as the exposed 

cohort*;
(ii)	 Drawn from a different source;
(iii)	No description of the derivation of the non 

exposed cohort.

(III)	 Ascertainment of exposure:
(i)	 Secure record (e.g., surgical records)*;
(ii)	 Structured interview*;
(iii)	Written self report;
(iv)	 No description.

(IV)	 Demonstration that outcome of interest was not 
present at start of study:
(i)	 Yes*;
(ii)	 No.

Comparability

Comparability of cohorts on the basis of the design or 
analysis:

(I)	 Study controls for age, gender, pre-operative co-
morbidities*;

(II)	 Study controls for any additional pre-operative and 
intra-operative factors*.

Outcome

(I)	 Assessment of outcome: 
(i)	 Independent blind assessment*; 

Supplementary 

Table S1 Newcastle-Ottawa Scale on three levels: selection, comparability, and outcome 

Study First author Selection Comparability Outcome Total score

1 Shi 4 2 2 8

2 Ohtsubo 4 1 2 7

3 Tan 4 2 2 8

4 Uchida 4 1 2 7

5 Rylski 4 2 3 9

6 Kim 4 2 3 9

7 Shiono 4 2 2 8

8 Zhang 4 1 2 7

9 Sun 4 2 2 8

10 Di Eusanio 4 2 2 8

11 Rice 4 2 3 9

12 Omura 4 2 3 9

13 Vallabhajosyula 4 1 2 7

14 Dai 4 1 2 7



(ii)	 Record linkage*;
(iii)	Self report;
(iv)	 No description.

(II)	 Was follow-up long enough for outcomes to occur:
(i)	 Yes (at least 5 years of follow up period for 

outcome of interest)*;
(ii)	 No.

(III)	 Adequacy of follow up of cohorts:
(i)	 Complete follow up-all subjects accounted for*; 
(ii)	 Subjects lost to follow up unlikely to introduce 

bias-small number lost; ≤10% loss of follow up*;
(iii)	Follow up rate >90% and no description of  

those lost;
(iv)	 No statement.


