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Aortic arch open surgery continues to represent a 
formidable challenge for heart surgeons.

In fact, the interruption of physiological brain perfusion 
is a major detrimental effect during the systemic circulatory 
arrest resulting in a series of neurological complications. 
In order to protect the brain from these injuries, three 
techniques have been proposed and widely utilized as a 
means of protecting the brain: deep hypothermic circulatory 
arrest (DHCA), retrograde cerebral perfusion (RCP) and 
antegrade cerebral perfusion (ACP). The basis for all the 
techniques is the protection afforded by hypothermia with 
the consequent metabolic suppression.

The duration of cerebral protection is an important 
consideration, which has to be evaluated in the selection 
of the appropriate cerebral protection method. In fact, 
although the three techniques have provided for safer 
thoracic aortic surgery and increased perfusion times, the 
time of brain perfusion is not unlimited and in light of 
this, debate remains as to the better cerebral circulatory 
management technique for arch reconstructive surgery with 
short circulatory arrest times. It is universally accepted that 
DHCA, although is a simple and valid method of brain 
protection, has the main disadvantage of a limited “safe” 
time of circulatory arrest. In fact, the “safe” time-period 
of DHCA to prevent neurologic injuries has been showed 
to be less than 45 minutes at 18 ℃, with some authors who 
showed an increase of the rate of neurologic deficit with 
DHCA-time ranged between 30 and 50 minutes (1). It is 
clear how, in order to increase the “safe” time of DHCA, 

adjunct techniques of RCP and ACP with various levels of 
hypothermia have been adopted.

In 1992, Ueda and co-workers published the first series 
on continuous RCP in combination with DHCA during 
aortic arch surgery (2). Before DHCA introduction, the 
technique was realized using the bypass connecting the 
arterial and venous lines of the extracorporeal circuit to 
reverse the flow into the superior vena cava cannula (2,3). 
In this landmark paper, circulatory arrest times ranged 
from 11 to 56 minutes and nasopharyngeal temperatures 
ranged from 16 to 18 ℃ (2). Thereafter, the same technique 
evolved, operative times shorten, early mortality and 
morbidity improved and many other series finally validated 
the efficacy of RCP for cerebral protection (1,4-7). 
However, during the same decades, the excellent results 
coming from the ACP with a direct cannulation of the 
supraaortic vessels progressively clouded the retrograde 
technique (8-10).

Although potential benefits of the RCP have been proved 
in terms of the embolic debris, intracranial hypothermia 
maintenance and cerebral metabolic support, other 
possible disadvantages have been identified in clinical and 
experimental studies.

Reich et al. performed preoperative and postoperative 
neuropsychological evaluation in 21 patients undergoing 
DHCA and RCP during elective thoracic aortic repair (11). 
The overall cognitive and memory dysfunctions had strong 
associations with RCP, even when controlling separately 
for age and cerebral ischemic time. In another study, Okita 
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and colleagues (12) compared 60 consecutive patients 
who underwent total arch replacement using DHCA with 
RCP or with selective ACP. They performed serial brain 
imaging CT scan, neurological examination, and cognitive 
function tests. Both methods of brain protection resulted 
in acceptable levels of mortality and morbidity but the 
incidence of transient brain dysfunction was significantly 
higher in the RCP group than in the ACP group (33% vs. 
13%, P=0.05) (12). 

In a prospective randomized trial, Harrington and 
coworkers (13) assess neuropsychometric outcomes in 
38 patients requiring elective aortic arch surgery using 
hypothermic circulatory arrest plus RCP or hypothermic 
circulatory arrest alone. At 6 weeks postoperatively, 77% 
of the hypothermic circulatory arrest group and 93% of 
the hypothermic circulatory arrest plus RCP group had 
a deficit. Moreover, neuropsychometric change did not 
correlate with hypothermic circulatory arrest duration and 
procedure. They conclude that hypothermic circulatory 
arrest despite the use of RCP is associated with a high 
incidence of neuropsychometric changes even in apparently 
safe arrest duration.

In a primate study, Boeckxstaens and Flameng (14) 
compared DHCA alone and with RCP after 1 hour of 
circulatory arrest at 18 ℃ temperature. Results showed a 
significant reduction in the brain flow during RCP with less 
than 1% of arterial inflow returned to the aortic arch and 
histologic analysis identified slightly more glial edema in 
the RCP group. 

Similarly, Juvonen and colleagues (15) developed 
a porcine model to assess the impact on histologic 
and behavioral outcome of provoked cerebral arterial 
embolization, comparing RCP with continued antegrade 
perfusion. Complete behavioral recovery was seen in 
all surviving animals but demonstrated that significant 
mild ischemic damage occurred after RCP, even in non-
embolized animals, compared to the control group.

On the other hand the studies comparing antegrade vs. 
retrograde cerebral protection failed to provide definite 
answers for a true benefit of RCP (1,16,17). 

A meta-analysis including over 5,000 patients concluded 
that no differences existed between ACP and RCP (16). In 
particular, 2,855 were treated with DHCA plus antegrade 
perfusion and 1,897 were treated with DHCA plus 
retrograde perfusion (16). However, of the 15 comparative 
studies selected for the analysis only 1 reported a circulatory 
arrest time above 60 minutes whereas all the others ranged 
from 18 to 44 minutes. 

Okita et al. (18) according to the Japanese adult 
cardiovascular surgery database reporting the results of 
16,218 total arch replacement between 2009 and 2012, 
provide comparable clinical outcomes with regard to 
mortality and stroke rates between the two methods of 
cerebral protection. However, DHCA with RCP resulted 
in a higher incidence of prolonged intensive care stay and 
towards an increased incidence of stroke (6.7% vs. 8.6%) 
compared to ACP.

Moreover the study failed to report data regarding brain 
perfusion time or circulatory arrest time.

In the Leipzig experience (17) the authors clearly 
reported in 636 consecutive aortic arch replacement, as ACP 
is associated with significantly less neurologic complications 
than RCP and DHCA, despite longer circulatory arrest 
times. Circulatory arrest time was 22±17 minutes with 
unilateral cerebral perfusion, 23±21 minutes with 
bilateral cerebral perfusion, 18±12 minutes with RCP and  
15±13 minutes with DHCA. The results showed a 
significantly lower incidence of permanent neurological 
deficit among ACP patients (9% vs. 15%, P=0.035) and 
the use of any form of antegrade perfusion was identified 
as protective against the development of neurological 
dysfunction at multivariate analysis.

The only randomized controlled trial comparing DHCA 
with ACP confirmed this hypothesis after a deep analysis 
of the pre- and post-arrest cerebral metabolism between 
the two techniques (19). Forty-two patients undergoing 
elective or emergency aortic arch surgery via a median 
sternotomy were assigned to HCA or ACP. HCA occurred 
at a nasopharyngeal temperature of 15 ℃ and ACP at a 
corporeal temperature of 25 ℃. Neurological monitoring 
was conducted using metabolic (oxygen measurements and 
extraction), transcranial Doppler and Neuropsychometric 
examinations. The study clearly showed as ACP attenuates 
the cerebral metabolic deficit seen after HCA as no decrease 
in jugular venous pO2 and a reduction in transcranial 
oxygen extraction were observed after reinstituting total 
body perfusion (19).

In summary, studies evidences and clinical practice 
indicates that RCP efficacy in cerebral protection could be 
justified in short period of DHCA but seems very limited 
for prolonged DHCA time. Truly, a reasonable doubt 
concerns also the possibility to prolong cerebral ischemic 
times during arch surgery. Who can really anticipate short 
DHCA during elective or limited aortic arch surgery? This 
complex surgery can always hide unexpected complications 
causing a prolonged procedure time. Another limitation 
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for the RCP regards the possibility to use two different 
techniques in the same surgical staff (retrograde perfusion 
for hemiarch procedures and antegrade for total arch 
procedures), as mentioned by Milewski et al. of the 
University Hospital of Pennsylvania (1). Usually these 
challenging aortic procedures, to achieve satisfactory 
results, require standardized protocols and confidence in the 
operative technique. It is very difficult to modify every time 
the operative practice according to the extension of the arch 
repair if there is already a cerebral protection strategy that 
has proved to be effective in the short and long run. In fact, 
it is not always easy to respect the initial program regarding 
the extension of the arch replacement.

To confirm these hypotheses, a clear trend towards ACP 
is noticeable in literature and real world data (18,20-22). 
Since its first introduction by Kazui et al. (23) in the 1990s 
this method of cerebral protection has long been used as an 
adjunctive cerebral protective technique. Of course ACP 
was refined over time according to different philosophies 
for blood gas management, ideal temperature, ACP-flows 
and possibilities of concomitant myocardial or descendent 
aortic perfusion. Today the most commonly adopted a 
strategy involves moderate hypothermia (nasopharyngeal 
25–26 ℃), bilateral hemisphere perfusion and a cerebral 
flow rate of 10–15 mL/kg/min adjusted to maintain a right 
radial arterial pressure between 40 and 70 mmHg.

In a recent European survey on current trends in 
cannulation and neuroprotection-strategies during surgery 
of the aortic arch, retrograde perfusion was used as 
method of cerebral protection only in 3% of the cases and 
exclusively in acute clinical presentation (20). Furthermore, 
Urbanski et al. (21) in a more recent multicentre analysis 
collected the data of 1,232 consecutive patients who 
underwent elective aortic arch repair with reimplantation 
of at least one supra-aortic artery and only 1/1,232 patient 
from 11 European cardiovascular centres involved in the 
study received a RCP (21).

In Japan, according to the recent analysis based on the 
Japan Adult Cardiovascular Surgery Database there was 
also a progressive increase in the use of ACP during the 
years. During the study-period, of the overall population, 
7,038 patients had ACP and 1,141 patients had hypothermic 
circulatory arrest with RCP. Moreover, in the matched 
population antegrade perfusion increased from 18.1% in 
2009 to 32.4% in 2012 becoming the most favorite method of 
cerebral protection over RCP used in the 30.9% of cases (18).

Only in North America, according to the Society of 
Thoracic Surgeons Database (n=12,521 cases of aortic 

arch repair), RCP is still the preferred method of cerebral 
protection (16% against 14% of antegrade perfusion) (22).  
However, during the study interval only 17% of the 
procedures were performed under moderate hypothermia 
instead the remaining arch procedures were supported by 
lesser degrees of hypothermic circulatory arrest (<24 ℃) 
which probably provided additional cerebral protection 
regardless of the strategy chosen during arch repair; and 
also in this study the median circulatory arrest time was 
shorten than 30 minutes (22). Nevertheless, it has been 
documented that profound hypothermia causes coagulation 
disorders, predisposing to postoperative bleeding and 
that prolonged periods of perfusion for cooling and 
rewarming are associated with clotting-factor depletion and 
interference with blood coagulation (24).

Table 1 is reporting a comprehensive overview of the 
principal series comparing different strategies for cerebral 
protection.

In conclusion, only 30 years ago retrograde and 
anterograde cerebral perfusion represented two equally 
distributed strategies for cerebral protection. Nowadays, 
despite the proven safety of RCP during open arch surgery 
for limited circulatory arrest time there is a widespread 
acceptance of ACP as preferred choice of cerebral 
protection. We think that, also for short circulatory arrest 
time, ACP with moderate hypothermia and bilateral 
perfusion represent the best solution, and with reference to 
the topic of the debate, we strongly believe that “complex” 
is the arch reconstructive surgery, not the ACP technique. 
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Table 1 Results of the principal series comparing different strategies for cerebral protection

Author/year Institution Study type
Cerebral  
protection

No. of 
patients

Operative 
mortality (%)

PND 
(%)

TND 
(%)

Renal failure/
dialysis (%)

Circulatory 
arrest time 

(min)
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2004 (19)

University Hospital 
Birmingham, UK

Prospective 
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DHCA (15 ℃) 21 4.8 9.5 4.8 NA 33±2

ACP (25 ℃) 21 14.2 0 23 NA 8±3

Halkos,  
2009 (25)

Emory University 
School of Medicine, 
Atlanta, USA

Retrospective 
cohort study

DHCA (18 ℃) 66 23.1 0 4.8 15.4 26±8.5

ACP (23 ℃) 205 4.3 2.9 1.5 5.7 26.2±12.2

Milewski,  
2010 (1)

University of  
Pennsylvania, USA 
University of Bologna, 
Italy

Retrospective 
cohort study

RCP (EEG silence) 682 2.8 2.8 3.7 4.5 25±9.7

ACP (22–26 ℃) 94 3.2 3.2 5.3 5.3 34.5±8.1

Misfeld,  
2012 (17)

University of Leipzig, 
Germany

Retrospective 
cohort study

RCP (23 ℃) 51 7.8 15.7 17.6 23.5 23±20 

ACP (24-25 ℃) 365 11.8 9.0 15.9 14.2 18±12 

Usui,  
2012 (26)

Nagoya University, 
Japan

Retrospective 
cohort study

RCP (22 ℃) 583 4.1 3.1 5.0 4.5 NA

ACP (22 ℃) 2,209 5.3 6.8 4.5 3.3 NA

Tian,  
2013 (27)

Collaborative  
Research (CORE) 
Group

Meta-analysis DHCA (15–20 ℃) 813 13.5 12.8 8.0 13.3 NA

ACP (22–25 ℃) 907 11.1 7.3 10.3 12.6 NA
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2013 (28)

Baylor College of 
Medicine, Houston, 
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Retrospective 
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Vienna Medical 
University, Austria
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ACP(14.2 ℃) 91 13.0 12.0 2.0 19.0 30 

Ganapathi, 
2014 (30)

Duke University 
Medical Center, North 
Carolina, USA

Retrospective 
propensity 
matched 
study

RCP (14.5 ℃) 80 2.5 1.3 7.5 10.0 17.9±4.3

ACP(14.2 ℃) 80 3.8 2.5 6.3 5.0 17.7±6.4

Vallabhajosyula, 
2015 (31)

University of  
Pennsylvania, USA

Retrospective 
cohort study

RCP (EEG silence 
<20 ℃)

301 1.0 2.0 NA 1.0 23±8

ACP (25–28 ℃) 75 1.0 0 NA 0 18±5

Okita,  
2015 (18)

Japan Adult  
Cardiovascular  
Surgery Database

Retrospective 
cohort study

RCP (21.2 ℃) 1,141 7.1 8.6 4.4 7.2 NA

ACP (24.2 ℃) 7,038 6.0 6.7 4.1 8.2 NA

Perreas,  
2016 (32)

Onassis Cardiac  
Surgery Center,  
Athens, Greece

Retrospective 
propensity 
matched 
study

RCP (18 ℃) 40 27.5 50.0 NA 22.5

ACP (23 ℃) 40 10.0 17.5 NA 29

DHCA, deep hypothermic circulatory arrest; ACP, selective antegrade cerebral perfusion; RCP, retrograde cerebral perfusion; NA, not 
applicable; PNT, permanent neurological deficit; TND, transient neurological deficit.
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