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ABSTRACT

Objectives: Treatment of aortic pathologies involving the distal ascending aorta, aortic arch, and descending 
aorta remains a complex and challenging procedure. Appropriate management is important to achieve satisfactory 
outcome. Surgical management aims to reduce the time of circulatory arrest. The optimal level of hypothermia is 
still a matter of debate. The present meta-analysis shows the influence of different temperature levels on mortality 
and morbidity following aortic arch surgery.

Methods: We performed a meta-analysis of published data between January 2000 and March 2020 based on a 
literature research. 120 studies were included with a total of 32,323 patients divided into three different groups of 
systemic hypothermia (temperature group 1: ≥ 25°C, temperature group 2: 25-20°C, temperature group 3: ≤ 20°C) 
were used for statistical analysis.

Results: Early mortality was lowest in temperature group 1 compared to group 2 (OR=1.42; 95% CI, 1.09-1.85; 
p=0.01) and group 3 (OR=1.74; 95% CI, 1.20–2.52; p=0.003). Perioperative stroke appeared to be less frequently in 
temperature group 1 versus group 2 (OR=1.48; 95% CI, 1.20-1.82; p=0.0002) and group 3 (OR=1.61; 95% CI, 1.19-
2.18; p=0.002). Similar results are obtained concerning new renal insufficiency (group 1 versus group 2: OR=1.20; 
95% CI, 0.91-1.57, p=0.19; group 1 versus 3: OR=0.94; 95% CI, 0.67-1.32, p=0.73) and re-exploration for bleeding 
(group 1 versus group 2: OR=1.10; 95% CI, 0.80-1.53, p=0.55; group 1 versus group 3: OR=1.92; 95% CI, 1.26-2.94, 
p=0,0025).

Conclusions: We observed that moderate level of hypothermia during circulatory arrest reduced the incidence of 
early mortality. Most dreaded neurologic complications occurred less frequently in TG 1. In contrast there was no 
difference with regards with new onset of renal failure which is commonly accepted as a reliable marker of the quality 
of visceral organ protection.
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INTRODUCTION

Aortic arch surgery is still a surgical challenge associated with 
high mortality and morbidity [1,2]. Cerebral and visceral organ 
protection can be performed using various surgical strategies. 
Historically, aortic arch surgery has been mainly performed 
during a period of Deep Hypothermic Circulatory Arrest (DHCA) 
introduced by Griepp, et al [3]. Deep hypothermic circulatory arrest 
requires extended time of Cardiopulmonary Bypass (CPB) needed 
for cooling and rewarming and is associated with serious negative 
side effects such as clotting disturbances and organ dysfunction [4]. 
Adjunct techniques of Retrograde Cerebral Perfusion (RCP) and 
Antegrade Cerebral Perfusion (ACP) at distinct temperature levels 

have been developed to avoid severe complications of DHCA. 
Retrograde perfusion via the superior caval vein failed to achieve 
sufficient brain perfusion. Therefore, it has lost its popularity [5]. 
Selective antegrade cerebral perfusion offers a more physiologic 
method and has become the method of choice for cerebral 
protection during aortic arch surgery in many centers [5-8]. The use 
of selective antegrade cerebral perfusion makes deep hypothermia 
nonessential and there is a growing tendency to increase body 
temperature during circulatory arrest [6-8]. However, controversy 
still exists regarding the optimal modality and temperature level for 
cerebral protection.

The aim of the present meta-analysis was to review all published 
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literature to evaluate the influence of different temperature levels 
during circulatory arrest on mortality and clinical outcome.

MATERIALS AND METHODS

Search strategy and study selection

We performed a comprehensive literature research using the 
PubMed database. Keywords such as hypothermia, hypothermic 
circulatory arrest, aortic dissection, aortic aneurysm, mortality and 
morbidity in various combinations were used. All articles published 
in English language between January 2000 and March 2020 based 
on human subjects was initially considered. Case reports, letters, 
editorials, and systematic reviews were excluded. A multistage 
assessment was used to determine if articles are qualified for the 
analysis. Initially, only the abstracts were screened. Publications 
reporting data about aortic arch surgery at different levels of 
hypothermia were selected. A minimum of fifty patients per study 
group was necessary for study inclusion. A too wide temperature 
range or incomplete data on hypothermia during circulatory arrest 
were predefined exclusion criteria. Further exclusion criteria were 
not reporting data about mortality or neurological events. At a 
second stage full text versions of the selected articles were reviewed 
for data extraction. In case of multiple reports, we used the most 
complete and/or most recent one. All studies were reviewed by 
2 independent investigators and disagreements were resolved by 
the senior author. The meta-analysis was conducted according to 
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement for reporting systematic reviews and 
meta-analysis [9]. The study was performed based on published 
data. More ethical approval was not needed.

Outcomes of interest

The primary outcomes were operative mortality and neurological 
morbidity. Early mortality was defined as death during the 
initial hospitalization. Transient Neurological Deficit (TND) was 
defined as the presence of reversible postoperative motor deficit, 
confusion, agitation, or transient delirium. Computed Tomograph 
(CT) findings were required to be normal, with resolution of all 
symptoms before discharge. Permanent Neurological Deficit (PND) 
was defined as the presence of new focal (stroke) or global (coma) 
permanent neurological dysfunction. Secondary outcomes were 
postoperative renal failure and re-exploration for bleeding. Acute 
renal failure was defined as a threefold increase in serum creatinine 
from baseline or a urine output of less than 0.3 ml/kg/h for more 
than 24 hours.

Statistical analysis

The selected 120 studies consist of 147 study groups. 52 study 
groups are part of studies where comparisons between temperature 
groups are conducted. For nominal variables such as mortality 
measures overall proportions are calculated by dividing the 
number of cases (e.g. deaths) by the sum of all study participants. 
Proportions per study group are calculated analogously using only 
valid observations. For metric variables overall means are computed 
as weighted study group means using the number of patients per 
study group as weights. If study group means of metric variables 
such as durations (of e.g. x-clamp time or circulatory arrest) 
were not reported imputation was performed using the available 

information: if quartiles were reported the method of Luo et al. was 
used otherwise the median was used as estimator for the mean. The 
corresponding standard errors were only reported in few studies 
and therefore we report overall means and temperature group 
means together with standard deviations between studies.

Main and secondary outcome measures between temperature 
groups are compared by fixed Odds ratios, using only those studies 
that contain the relevant temperature groups. Weights were 
estimated using the inverse variance method and 95% confidence 
intervals are reported. To test for significant differences in main 
and secondary outcome variables between the temperature groups 
fixed effects models were used. Forest plots are provided to 
present estimates and confidence intervals for odds-ratios in study 
groups. The level of significance was set to 5%.Statistical analysis 
was conducted using the software package R and the R-packages 
metafor and metaviz.

RESULTS

Study selection

Figure 1 summarizes the results of the literature search. 1916 
studies were identified published within the determined time span 
of the analysis. After careful review, 120 studies met the study 
criteria and were selected for analysis. A total of 32 323 patients 
were included divided into three temperature groups depending 
on the temperature level of each study group (temperature group 1 
≥ 25°C=12.495 patients, temperature group 2 25°C-20°C=11.655 
patients, temperature group 3 ≤ 20°C=8.173 patients).

Study population

Characteristics of the patient population are shown in Table 1. 
Mean age was 61 with a standard deviation of 7. The majority of 
the patients was male and arterial hypertension was identified as 
the most frequent comorbidity. Acute aortic dissection type A and 
atherosclerotic aneurysm were the most common indications for 
surgery.

Operative outcomes

The mean CPB time was 170.5 minutes for group 1, 183.5 minutes 
for group 2, and 190.1 minutes for group 3. Mean duration of 
x-clamp time and circulatory arrest was shorter for temperature 
group 3 compared with the others (x-clamp time: TG 1 90.5 
minutes vs. TG 2 104 minutes vs. TG 3 61.1 minutes, respectively; 
circulatory arrest time: TG 1 28.3 minutes vs. TG 2 29.9 minutes 
vs TG 3 26.5 minutes, respectively). Note that, TG 1 and TG 2 had 
a higher rate of more complex procedures. Total arch replacement 
ranged from 38,8% to 63,3% (TG 1, TG2) compared to 25,3% 
(TG3). Further details are presented in Table 2.

Clinical outcomes

Early mortality rate was 5.9% in TG 1 (≥ 25°C), 8.6% in TG 2 
(25-20°C) and 7.6% in TG 3 (≤ 20°C), respectively. Intergroup 
comparison was associated with a lower rate in TG 1 (OR=1.42, 
95% CI, 1.09-1.85 and OR=1.44, 95% CI, 1.16-1.78, respectively 
for TG 1). The p-value for the group difference in early mortality 
has shown a trend to significance (TG 1 vs. TG 3 p=0.01; TG 1 vs. 
TG 3 p=0.004) (Figure 2).
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Figure 1: Flow diagram of literature search.

Characteristics
Temperature group 1 sample size 

n (%)
Temperature group 2 sample size 

n (%)
Temperature group 3 sample size 

n (%)

Number of patients 12495 (39%) 11655 (36%) 8173 (25%)

Age (years ± SD) 61.2 ± 7 60.1 ± 7 61.8 ± 6

Male 8343 (67%) 8219 (70%) 5445 (67%)

Arterial hypertension 7267 (74%) 3714 (69%) 4642 (67%)

Diabetes mellitus 721 (9%) 499 (10%) 556 (8%)

Coronary artery disease 1897 (21 %) 1510 (18%) 1236 (22%)

Renal impairment 434 (6%) 684 (10%) 411 (10%)

Prior stroke 786 (8%) 641 (8%) 515 (8%)

Chronic lung disease 1309 (16%) 1093 (13%) 605 (14%)

Table 1: Patient characteristics and risk factors.
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Figure 2: Forrest plot of early mortality. 

Author, year TG 1 (Events/Total) TG 2 (Events/Total)

Kamiya 2007 20/252 14/125

Leshnower 2012 14/277 16/223

Leshnower 2015 19/206 12/82

Minatoya 2008 1/67 0/81

Pacini 2007 24/189 16/116

Pacini 2014 4/110 10/194

Preventza 2016 19/166 31/262

Qian 2013 21/4 11/33

Shen 2018 7/52

Suguira 2012 2/94 7/109

Sun 2017 2/42 4/40

Zierer 2005 18/1 7/56

Zierer 2007 7/50 24/125

Arnaoutakis 2016 0/118 4/471

Gong 2016 4/39 5/35

Kunihara 2005 9/238 23/273

Minatoya 2008 1/67 3/81

Preventza 2016 19/166 18/116

Stamou 2018 2/27 18/105

Vallabhajosyula 2015 1/75 1/301

Wiedemann 2013 12/91 50/238

OR=1.49, 95% CI, 1.15-1.92 and OR=1.56, 95% CI, 1.01-2.43, 
respectively for TG 1) (Figure 3).

There was no significant difference between TG 1, TG 2, and TG 3 
in renal failure and re-exploration for bleeding (renal failure-TG 1 
vs. TG 2: OR=1.20, 95% CI, 0.91-1.57, p=0.19 and TG 1 vs. TG3: 
OR=0.94, 95% CI, 0.67-1.32, p=0.73; re-exploration for bleeding-
TG 1 vs. TG 2: OR=1.10, 95% CI, 0.80-1.53, p=0.55 and TG 1 vs. 
TG 3: OR=1.92, 95% CI, 1.26-2.94, p=0.0025) (Figure 4).

New postoperative neurologic complications occurred in 10.6% 
TG 1 vs. 13.6% TG 2 vs. 14.5% TG 3, respectively (TG 1 vs. 
TG 2, p=0.0002; TG 1 vs. TG 3 p=0.002). Comparison between 
the three temperature groups, TG 1 (>25°C) was associated 
with a lower postoperative stroke rate (OR=1.48, 95% CI, 1.20-
1.82 and OR=1.42, 95% CI, 1.16-1.73, respectively for TG 1). 
Differentiating between PND and TND, we found similar findings 
with an advantage for TG1 (PND: OR=1.20, 95% CI, 0.87-1.66 
and OR=1.62, 95% CI, 1.07-1.2.46, respectively for TG 1; TND: 

Variable

CPB (min) 170.5 183.5 190.1

Cross-clamp time (min) 90.5 104 61.1

Circulatory arrest time (min) 28.3 29.9 26.5

Ascending aorta replacment 672 (6.3%) 594 (6%) 1114 (18.5%)

Hemiarch replacement 6208 (55.3%) 3030 (30.4%) 3597 (64.2%)

Total arch replacement 4578 (38.8%) 6466 (63.3%) 1678 (25.3%)

Table 2: Intraoperative results and surgical procedure.

Temperature group 1
sample size n (%) sample size n (%)

Temperature group 2
sample size n (%)

Temperature group 3

Note: 
versus TG    3: OR,         ,  95  

2/37

% Cl, 1.20-2.52, P=0,004. 
Early mortality TG    1 versus TG    2: OR, 1.42, 95  % Cl, 1.09-1.85, P=0,01;  TG 1   Early mortality

1.74
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Figure 4: Forrest plot of renal failure.

Author, year TG 1 (Events/Total) TG 2 (Events/Total)

Kamiya 2007 33/252 25/125

Leshnower 2012 11/277 9/223

Leshnower 2015 15/206 10/82

Pacini 2007 9/189 9/116

Pacini 2014 14/110 32/194

Preventza 2016 38/166 46/262

Qian 2013 1/21 5/33

Arnaoutakis 2016 5/118 29/471

Gong 2016 3/39 5/35

Preventza 2016 38/166 29/116

Stamou 2018 11/27 23/105

Vallabhajosyula 2015 0/75 6/301

Wiedemann 2013 17/91 36/238

Figure 3: Forrest plot of neurologic events.

Author, year TG 1 (Events/Total) TG 2 (Events/Total)

Kamiya 2007 49/252 42/125

Leshnower 2012 19/277 30/223

Leshnower 2015 27/206 13/82

Minatoya 2008 8/67 12/81

Pacini 2007 21/189 12/116

Pacini 2014 9/110 33/194

Preventza 2016 19/166 33/262

Qian 2013 21/2 4/33

Shen 2018 1/37 17/52

Suguira 2012 43/94 51/109

Sun 2017 7/42 15/40

Zierer 2005 18/3 15/56

Zierer 2007 15/50 29/125

Arnaoutakis 2016 2/118 8/471

Gong 2016 5/39 5/35

Kunihara 2005 28/238 57/273

Minatoya 2008 8/67 9/81

Preventza 2016 19/166 21/116

Stamou 2018 0/27 13/105

Vallabhajosyula 2015 0/75 12/301

Wiedemann 2013 13/91 43/238

Note: Cl, 1.20-1.82, P=0,0002;  
% Cl, 1.19-2.18, P=0,02. 

Neurological events (overall)  TG    1 versus TG    2: OR, 1.48  , 95   
Neurological events (overall)  TG    1 versus TG    3: OR, 1.6  1, 95   

Note: Renal failure (new onset) TG    1 versus TG    2: OR, 1.20, 95   % Cl, 0.91-1.57, P=0,19;  
Renal failure (new onset) TG    1 versus TG    3: OR, 0.94, 95   % Cl, 0.67-1.32, P=0,73. 

%
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events [27]. There is a clear recommendation for using moderate 
to mild hypothermia adjunct to selective cerebral perfusion. Of 
note, Tian et al. even indicates a superiority of moderate to mild 
hypothermia in combination with selective antegrade cerebral 
perfusion in terms of stroke. The meta-analysis of Tian, et al. reveals 
the concern that direct canulation of supraaortic vessels with a 
greater chance of dislodging atherosclerotic thrombi is associated 
with a higher stroke rate [28-30].

Englum, et al. compared all different combinations of 
neuroprotection during aortic arch surgery using data of more than 
12,500 patients from the Society of Thoracic Surgeons database. 
The authors found that DHCA was associated with the highest risk 
of the combined end point of operative mortality or neurologic 
complications. Moreover, a moderate to mild CA with ACP was 
favourably for all outcomes compared to all other strategies [12].

Our analysis shows that using a mild to moderate temperature level 
which has only been used with selective cerebral perfusion during 
circulatory arrest reduces mortality and the risk of neurological 
events. Despite the proven safety of warmer temperature levels, 
antegrade cerebral perfusion extend the duration of the safe time of 
circulatory arrest to approximately 60 minutes. In contrast, DHCA 
alone is sufficient for 30-40 minutes [13]. This can be helpful even 
in the setting of total arch replacement or acute aortic dissection 
with true lumen collapse of the supraaortic vessels. 

CONCLUSION

To avoid severe complications of DHCA and enhance the duration 
of open aortic procedures, adjunct techniques of retrograde 
cerebral perfusion and selective antegrade cerebral perfusion with 
various levels of systemic hypothermia have been developed. RCP 
is fast and easy to establish, but its efficacy in reaching the brain 
parenchyma is debated. We focused on the influence of different 
temperature levels during CA. We did not perform a comparison 
between different cerebral perfusion strategies over DHCA alone. 
However, we will address this question in our future research. This 
can be helpful even in the setting of total arch replacement or acute 
aortic dissection with true lumen collapse of the supraaortic vessels.

LIMITATIONS AND DATA AVAILABILITY 
STATEMENT

A limitation of the present meta-analysis is the heterogeneous 
nature of aortic arch pathologies and variations in operative 
strategies. Inconsistent reporting of systemic outcomes has further 
limited our assessment. All data is available on request from the 
authors.
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