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Abstract

OBJECTIVES: To determine whether, in patients with previous cardiac operations, moderate hypothermia (between 24 and 28°C) for
hypothermic circulatory arrest (HCA) during antegrade cerebral perfusion (ACP) is safe for use during surgery on the proximal aorta and
transverse aortic arch.

METHODS: Over a 7-year period, 118 patients underwent ascending aortic and hemiarch repair (n = 70; 59.3%), total arch replacement
(n = 47; 39.8%) or ascending aortic replacement to treat porcelain aorta (n = 1; 0.9%). Simultaneous procedures included aortic root repair
or replacement (n = 33; 28.0%) and coronary artery bypass grafting (n = 21; 17.8%). All patients had previously undergone cardiac opera-
tions via a median sternotomy. Eighteen patients (15.3%) had more than 1 previous sternotomy, and 24 patients (20.3%) required emer-
gent/urgent operation. Median cardiopulmonary bypass, cardiac ischaemic, circulatory arrest and ACP times (min) were 136.0 [118–180
interquartile range (IQR)], 91.0 (68–119 IQR), 34.0 (21–59 IQR) and 33.5 (20–59 IQR), respectively. The median temperature when HCAwas
initiated was 24.2°C (24.1–24.8°C IQR).

RESULTS: The operative mortality rate was 10.2% (n = 12). Six patients (5.1%) had a permanent stroke, and 16 patients (13.6%) had a com-
posite adverse outcome (operative mortality and/or a permanent neurological event and/or permanent haemodialysis at discharge).
Preoperative renal disease was significantly more prevalent (P = 0.020) and the median circulatory arrest time significantly longer (48.5 vs
33 min; P = 0.058) in patients with composite adverse outcomes. Multivariable analysis of the redo patients showed that age (P = 0.025),
preoperative renal disease (P = 0.024) and ACP time (P = 0.012) were independent risk factors for a new postoperative renal injury.

CONCLUSIONS: Moderate hypothermia for HCA during ACP is being used with increasing frequency, but has not been thoroughly evalu-
ated in patients undergoing cardiovascular reoperations. Our experience suggests that in patients with previous cardiac surgery who are
undergoing hemiarch and total aortic arch operations, moderate hypothermia is safe and produces respectable results.
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INTRODUCTION

Cerebral protection strategies for proximal aortic and arch surgery
have evolved over time. Deep hypothermic circulatory arrest
(HCA) has been used extensively by experienced aortic surgical
groups as the main strategy for protecting the brain by increasing

the safety of circulatory arrest and by decreasing the metabolic
demands of the brain [1]. Owing to the increased rates of mortality
and stroke, coagulopathy, re-exploration for bleeding and transfu-
sion, as well as longer intensive care and hospital stays [2–5], there
is a trend at experienced aortic centres towards the use of warmer
temperatures. According to the expert consensus on the classifica-
tion of hypothermia in circulatory arrest in aortic arch surgery [6],
moderate hypothermia ranges from 20.1 to 28°C. An emerging
European paradigm for conducting aortic arch repair with HCA in
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moderate hypothermia was revealed in a recent questionnaire
concerning HCA in adults [7, 8]. In patients with previous cardiac
operations, proximal aortic or transverse arch surgery is a particu-
larly complex procedure, in which increased time to complete the
repair under circulatory arrest is often required and the safety of
moderate hypothermia is not well established. To review our
experience in using moderate hypothermia (≥24 and ≤28°C)
for HCA during antegrade cerebral perfusion (ACP) in these
cases, we studied the safety and outcomes of this approach in
patients undergoing surgery on the proximal aorta and transverse
aortic arch.

PATIENTS ANDMETHODS

Over a recent 7-year period, 118 patients [94 men and 24 women
with a median age of 60.5 years; 25–75% interquartile range (IQR):
50–68 years] had proximal and total arch surgery with moderate
hypothermia between 24 and 28°C. All the patients previously
had cardiac surgery via a median sternotomy. Data were obtained
from a prospectively maintained database, and the Institutional
Review Board of Baylor College of Medicine approved the study.
The median temperature when HCA was initiated was 24.2°C
(25–75% IQR: 24.1–24.8°C). Preoperative patient characteristics
and demographic variables are given in Table 1. The proximal
arch and hemiarch operations, as well as concomitant procedures

and intraoperative times, are listed in Table 2. The Social Security
Death Index, clinic visits and hospital records were used to obtain
follow-up data.
We previously provided our definitions for pulmonary and

renal disease, outcomes and intraoperative times [9]. Briefly,
operative mortality was defined as death within 30 days after the
index operation or death prior to hospital discharge; stroke was
defined as a new brain injury evident clinically and/or radiograph-
ically after the procedure and renal injury was defined as the need
to start dialysis or a doubling of the patient’s serum creatinine
level. Permanent neurological events included all strokes and/or
spinal cord deficits evident at hospital discharge. A composite
adverse outcome was defined as a life-changing event, i.e. opera-
tive mortality and/or permanent neurological injury at discharge
and/or permanent dialysis at discharge. This review analyses the
rates of mortality, overall postoperative stroke, overall post-
operative renal injury and composite adverse outcomes.

Intraoperative procedure

We use the following surgical algorithm when operating on
patients with previous cardiac surgery who are undergoing
surgery on the proximal aorta or transverse aortic arch. Prior to
the procedure, we obtain computed tomography (CT) images of
the chest to evaluate the proximity of the different cardiac struc-
tures (right ventricle, aorta, innominate vein, bypass grafts) to the

Table 1: Demographic and other patient characteristics
(n = 118)

Variable Number %

Age (years) [median (25–75% IQR)] 60.5 50–68
Male 94 79.7
Priority
Elective 94 79.7
Urgent/emergent 24 20.3

Smoker 41 34.8
Hypertension 94 79.7
Chronic obstructive pulmonary disease 49 41.5
Prior cardiac historya 49 41.5
Congestive heart failure 55 46.6
Renal disease 24 20.3
More than one prior sternotomy 18 15.3
Diabetes 9 7.6
Atrial fibrillation 8 6.8
Endocarditis 6 5.1
Prior stroke or TIA 19 16.1
Prior proximal aortic dissection 37 31.4
Prior proximal aortic procedures
Aortic root 37 31.4
Ascending aortic 9 7.6
Ascending and hemiarch 62 52.5
Ascending and arch 3 2.5

Prior CABG 26b 22.0
Prior other cardiac operations (non-aortic) 4 3.4

Data are reported as median [interquartile range (25–75%)] for
continuous variables and as number (percentage) for categorical
variables.
TIA: transient ischaemic attack; CABG: coronary artery bypass grafting.
aPrior myocardial infarction, prior percutaneous angioplasty and/or
stent placement, prior coronary artery bypass, non-obstructive
coronary artery disease, prior pacemaker placement.
bThese 26 patients are included in the 49 patients with a prior cardiac
history.

Table 2: Intraoperative variables and associated procedures
(n = 118)

Categorical variables (number, percentage)
Ascending aortic and hemiarch replacement 70 59.3
Total aortic arch replacement 47 39.8
Ascending aortic replacement 1 0.9
Concomitant procedures
Aortic root procedure 33 28.0
CABG 21 17.8
Aortic valve replacement 19 16.1
Aortic valve commissuroplasty ± resuspension 5 4.2

Cannulation sites
Direct aortic 1 0.9
Innominate artery 30 25.4
Axillary artery 84 71.2
Femoral artery 1 0.9
Carotid artery 2 1.7

Unilateral ACP 35 29.7
Bilateral ACP 83 70.3
Intraoperative blood products
PRBCs 97 82.2
PLTs 108 91.5
FFP 98 83.1

Continuous variables (median, 25–75% IQR)
Intraoperative times (min)
CPB time 136 118–180
Cardiac ischaemia time 91 68–119
Circulatory arrest time 34 21–59
Circulatory arrest time with no ACP
(10 patients)

4.5 1.0–7.0

ACP time 33.5 20–59

Data are reported as number (percentage) for categorical variables and
as median [interquartile range [(25%–75%)] for continuous variables.
CABG: coronary artery bypass grafting; PRBCs: packed red blood cells;
PLTs: platelets; FFP: fresh frozen plasma; IQR: interquartile range; CPB:
cardiopulmonary bypass; ACP: antegrade cerebral perfusion.
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sternum. Aortic inflow for cardiopulmonary bypass (CPB) is
achieved via right axillary, innominate and/or femoral artery can-
nulation. Our first choice, depending on the CT chest images, is
right axillary or innominate artery cannulation, which is per-
formed with an 8-mm graft sutured end-to-side to the artery, as
previously described [9, 10]. If the cardiac structures are in close
proximity to the sternum, we establish arterial inflow before
achieving sternal entry via the right axillary artery. In this series,
femoral artery cannulation was used only in selected emergency
cases. The wires from the prior sternotomy were removed before
or after arterial inflow was established. The advantage of removing
the wires immediately after making the median sternotomy
skin incision is that this can be done without the 5000 U of
heparin that is usually required when using a right axillary graft.
Percutaneous access to either femoral vein (preferably the right
one) with a wire parked in the right atrium is also obtained in case
CPB needs to be established upon sternal entry. The femoral dual-
stage venous cannula is not inserted via the femoral vein unless
full heparinization and CPB are initiated prior to the sternotomy.
Full CBP with hypothermia is required before sternal entry only in
cases in which the aortic or arch aneurysm is attached or protrud-
ing via the sternum. Upon sternal entry, haemostasis is achieved. If
arterial inflow is not yet established, the innominate artery is dis-
sected and prepared for the 8-mm graft. Most of the dissections
in the redo operations are performed before the patients are
given any heparin. When a total arch operation is planned, the
arch vessels [innominate artery, left common carotid artery
(LCCA) and left sub-clavian artery if possible] are dissected and
prepared prior to going on CPB. Once CPB is established, cooling
is initiated by monitoring the nasopharyngeal temperature; in our
study group, HCA was initiated when the temperature was ≥24°C.
Brain protection is monitored with cerebral oximetry via near-
infrared spectroscopy. ACP is initially established unilaterally via
the right common carotid artery and then bilaterally via a 9F
Pruitt catheter (LeMaitre Vascular, Inc., Burlington, MA, USA) in
the LCCA. The technical aspects of the redo arch and hemiarch
operation have previously been described [9, 10].

Statistical analysis

Descriptive statistics are reported as frequencies and percent-
ages for categorical variables and as the median with a 25–75%
IQR for continuous variables. In performing univariate analysis to
test for significant differences between the group with a compos-
ite adverse outcome and the group without a composite adverse
outcome, we used the χ2 test or the Fisher’s exact test when
necessary for the categorical data. For the continuous variables,
the Wilcoxon two-sample test was used. Significance was defined
as P < 0.05. Potential risk factors for operative outcomes were
assessed by using nominal logistic regression models. This multi-
variable analysis first limited the number of variables that were
considered in the models by univariately determining which
variables were significantly different for those with versus without
the outcome being modelled. The following 22 preoperative
and intraoperative variables were analysed initially in this
manner: total arch replacement versus hemiarch repair, concomi-
tant coronary artery bypass grafting, aortic root replacement,
temperature at which circulatory arrest with ACP was initiated,
cannulation type, dissection/aneurysm/endocarditis, age, male,
surgical priority, current smoker, hypertension, chronic obstruct-
ive pulmonary disease, New York Heart Association (NYHA)
Class III/IV status, preoperative coronary event, preoperative renal

disease, preoperative neurological deficit, diabetes mellitus, CPB
time, cardiac ischaemic time, cardiac arrest time and ACP time.
Owing to the low number of events for the outcomes being mod-
elled, we reduced the number of variables considered in the
models by including from the potential 22 variables only those
that were significantly different univariately for the outcome being
modelled. (e.g. variables with a P-value of <0.1 for patients who
had a stroke versus those who did not have a stroke). For stroke,
we used two variables (ACP time and prior AVR); for mortality,
three variables (current or previous smoker, congestive heart
failure and preoperative renal disease); for postoperative renal
injury, five variables (current or previous smoker, preoperative
renal disease, ACP time, age and COPD); for the composite
outcome, three variables (current or previous smoker, preopera-
tive renal disease and ACP time). The logistic regression models
were then run with a stepwise selection option. Owing to the
close proximity of the circulatory arrest time and the ACP time
(which differed by only 30 s in median value and 1 min in range),
only the ACP time was used in the multivariate analysis.
The Kaplan–Meier method was used to estimate the survival

function for all 118 patients. The time from the date of surgery
until death was computed for patients who died before 30 April
2015. Patients who did not die before the end of the study were
considered as censored. All statistical analyses were conducted by
using SAS software, version 9.1 (SAS Institute, Inc., Cary, NC, USA).

RESULTS

Mortality, neurological events and composite
adverse outcomes

The operative mortality rate was 10.2% (n = 12 patients). Four
patients were unable to be weaned from the extracorporeal mem-
brane oxygenator (ECMO) due to respiratory and heart failure.
Three patients died of multiorgan failure on postoperative days 5,
15 and 26, respectively. Two patients had a fatal stroke. One
patient developed profound coagulopathy and was placed on
ECMO support, which was later withdrawn with the family’s
consent. Two other patients developed pulseless electromechan-
ical dissociation while recovering in the intensive care unit
(Day 12) and on the hospital floor (Day 43), respectively; despite
aggressive cardiopulmonary resuscitation, they each had an
anoxic brain injury, and life support was withdrawn.
A total of 7 patients (5.9%) had a stroke, which was permanent

in 6 cases (5.1%). A composite adverse outcome (operative mor-
tality and/or permanent neurological injury at discharge and/or
permanent dialysis at discharge) occurred in 16 patients (13.6%).
In these 16 patients, the incidence of preoperative renal disease
was significantly higher (P = 0.020), and the history of current
or prior smoking (P = 0.013), median ACP time (P = 0.049) and
median circulatory arrest time were significantly longer (P = 0.058)
than those in patients who did not have a composite adverse
outcome (Table 3). None of the variables that were considered in
the multivariable model appeared to be associated with mortality,
stroke or a composite adverse outcome, except that being
a current or prior smoker was associated with mortality and a
composite adverse outcome (Table 4).

Other adverse events

Major and short-term adverse outcomes are listed in Table 5.
Without accounting for censoring of the data, the median time
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from surgery to operative death was 8.5 days (3.5–14.0 IQR). For
the 106 patients who survived the operation, the median time
from surgery to the end of the study (30 April 2015) or to the date
of death (if applicable) was 3.0 years (1.3–6.0 IQR). Ninety-seven
(91.5%) of the 106 operative survivors were alive at the end of the
study. A Kaplan–Meier curve for all 118 redo patients is shown
in Fig. 1.

DISCUSSION

Hypothermia, selective ACP and advances in techniques for prox-
imal and total aortic arch surgery have changed the aortic surgery
landscape. Modifications in temperature protocols with regard to

core and cerebral temperature during circulatory arrest have
gained increased interest [4, 8, 11], and a trend towards mild and
moderate hypothermia has been reported [7, 8]. The literature
regarding proximal and aortic arch surgery contains very few
reports that focus on redo cardiac surgery patients [10, 12, 13]. As
a consequence, no specific outcomes data have been reported
regarding procedures using the higher range of moderate hypo-
thermia in this group. In this report, we concentrated only on
patients who had previous cardiac surgery and underwent prox-
imal or total arch surgery with moderate hypothermia in the
range of 24–28°C (25–75% IQR: 24.1–24.8°C). Our short-term
results showed that this range of hypothermia may be used safely,
with respectable morbidity and mortality, in this cohort.

Table 3: Univariate analysis: composite versus non-composite adverse outcomes

Variable All patients (n = 118) Composite = yes (n = 16) Composite = no (n = 102) P-value

Categorical variables (number, %)
Male 94 (79.7) 14 (87.5) 80 (78.4) 0.52
Priority

Urgent/emergent 24 (20.3) 3 (18.8) 21 (20.6) 1.00
Elective 94 (79.7) 13 (81.3) 81 (79.4) 1.00

Smoker 41 (34.8) 10 (62.5) 31 (30.4) 0.013
Hypertension 94 (79.7) 14 (87.5) 80 (78.4) 0.52
COPD 49 (41.5) 7 (43.8) 42 (41.2) 0.85
Prior cardiac historya 49 (41.5) 8 (50.0) 41 (40.2) 0.46
Congestive heart failure 55 (46.6) 10 (62.5) 45 (44.1) 0.17
Preoperative renal disease 24 (20.3) 7 (43.8) 17 (16.7) 0.020
Diabetes 9 (7.6) 0 (0.0) 9 (8.8) 0.61
Atrial fibrillation 8 (6.8) 2 (12.5) 6 (5.9) 0.30
More than one prior sternotomy 18 (15.3) 2 (12.5) 16 (15.7) 1.00
Prior history of stroke/TIA 19 (16.1) 4 (25.0) 15 (14.7) 0.29
Prior proximal aortic procedures 75 (63.6) 12 (75.0) 63 (61.8) 0.31
Prior CABGb 26 (22.0) 6 (37.5) 20 (19.6) 0.12
Prior other cardiac procedures, non-aortic 4 (3.4) 1 (6.3) 3 (2.9) 0.45

Continuous variables [median (25–75% IQR)]
Age (years) 60.5 (50–68) 63.5 (52–69.5) 58 (50–68) 0.27
CPB time (min) 136.0 (118–180) 149.5 (126–226.5) 135.5 (117–177) 0.19
Cardiac ischaemia time (min) 91 (68–119) 89 (62–121) 91 (68–119) 0.81
Circulatory arrest time (min) 34 (21–59) 48.5 (28.5–75.5) 33 (18–58) 0.058
ACP time (min) 33.5 (20–59) 48.5 (28.5–75.5) 32.5 (18–58) 0.049
ICU stay (days) 4.0 (2.0–12.0) 7.0 (3.0–13.0) 4.0 (2.0–12.0) 0.21
Hospital LOS (days) 13.0 (8.0–22.0) 11.5 (6.5–15.5) 13.5 (8.0–22.0) 0.12

Data are reported as number (percentage) for categorical variables and as median [interquartile range (25–75%)] for continuous variables.
COPD: chronic obstructive pulmonary disease; TIA: transient ischaemic attack; CABG: coronary artery bypass grafting; CPB: cardiopulmonary bypass; ACP:
antegrade cerebral perfusion; ICU: intensive care unit; LOS: length of stay.
aPrior myocardial infarction, prior percutaneous angioplasty and/or stent placement, prior coronary artery bypass, non-obstructive coronary artery disease,
prior pacemaker placement.
bPrior CABG is also included in prior cardiac history.

Table 4: Multivariable analysis (n = 118 patients)

Variable Significant variables with stepwise selection option P-value Odds ratio 95% odds ratio confidence limits

Mortality Prior or current smoker 0.022 4.42 1.24–15.73
Renal failure Prior or current smoker 0.026 3.16 1.15–8.70

Preoperative renal disease 0.024 3.56 1.18–10.72
Age 0.025 1.05 1.01–1.09
ACP 0.012 1.02 1.01–1.04

Composite adverse outcome Prior or current smoker 0.017 3.82 1.28–11.43

ACP: antegrade cerebral perfusion.
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Our composite end-point was 13.6%. In a previous report [10],
our group described all of our redo total aortic arch procedures.
In those cases, we used a wide range of hypothermia (21–25°C),
not only 24–28°C, and the composite end-point was 13.5%, which
is almost identical to the current result.

Our current mortality rate was 10.2% and permanent stroke rate
was 5.1%. In another recent report from our group [14], describing
274 patients who had total arch surgery (154 were redo cases)
using a wide range of hypothermia (21–25°C), our mortality and
stroke rates were 10.3 and 5.5%, respectively, and therefore also
similar to our current results [14]. These outcomes are comparable
with those of other surgeons [12, 15]. In a cohort of 168 patients
studied over a 14-year period, Quintana et al. [12] observed an
8.3% 30-day mortality rate and a 5.4% permanent stroke rate.
Deep HCAwas used in all cases, ACP in 39.3%, retrograde cerebral
perfusion in 13.7% and no adjunct cerebral perfusion in 47%. The
authors mention an increasing use of selective ACP during the
study period [12]. Univariate analysis showed age, NYHA class III
or IV status, and extracorporeal circulation time as predictors of
perioperative mortality [12].

Etz et al. [15], of Mount Sinai Hospital, reported a mortality rate
of 10% for their redo transverse arch repairs; this result was almost

similar to that for their primary open arch operations (9% mortal-
ity). Additionally, they reported a mortality rate of 3% for primary
operations on the ascending aorta and aortic root versus 7% for
reoperations [15]. When circulatory arrest was required, these sur-
geons used an oesophageal temperature of 12–15°C and selective
ACP [15].
We observed the same mortality rate (10.2%) in our redo

patients, but our procedures were performed with the aid of mod-
erate hypothermia (25–75% IQR: 24.1–24.8°C). We did not
compare our redo patients with the non-redo ones, as the Mount
Sinai group did. Although redo and non-redo patients can
undergo the same total arch, hemiarch or root operation, the two
groups are inherently different. Because of unclean surgical
planes, redo operations necessitate lengthy dissection, which
involves potential risks and increases the operative time; such dis-
section is not necessary in a primary operation. Moreover,
primary operations involve no removal of a prior ascending aortic
Dacron graft due to infection or pseudoaneurysm formation,
sternal re-entry in a patient with a patent left internal mammary
artery after coronary artery bypass or sternal re-entry after a prior
proximal arch operation, all of which entail significant risks.
In a cohort of 523 patients (n = 53 redo operations) described

by Czerny et al. [16], multivariable logistic regression analysis
showed that the mortality rate was 26% for redo surgery versus 9%
for non-redo procedures (P = 0.01). For cerebral perfusion, these
authors used a blood temperature of 20° C in treating both acute
type A aortic dissection and chronic ascending aortic aneurysms.
The patients with chronic ascending aneurysms were cooled
to a bilateral tympanic temperature of 26°C and a bladder
temperature of 30°.
In our cohort of redo cardiac surgery patients who underwent

aortic surgery at the higher range of moderate hypothermia, uni-
variate regression analysis showed that preoperative renal disease
(P = 0.020), circulatory arrest time (P = 0.058), ACP time (P = 0.049)
and smoking (current or prior) (P = 0.013) were associated with an
adverse composite outcome (Table 3). In the multivariable model,
we did not identify any independent predictors of a composite
outcome, mortality or stroke except that being a current smoker
raised the risk for mortality and a composite adverse outcome.
With regard to postoperative renal injury, we identified age, pre-
operative renal disease, ACP time and current or prior smoking as
independent predictors.
In redo patients who underwent thoracic aortic surgery with

moderate hypothermia and ACP, Pacini et al. [17] observed a 19.7%
rate of postoperative kidney injury. This result is close to ours
(22.9%). Similarly, they also showed that preoperative renal status is
an independent predictor of postoperative kidney injury [17]. That
age and preoperative renal status are predictors for postoperative
renal injury has also been shown by others [18], signifying the im-
portance of optimizing preoperative renal function and hydration
in these patients. In our study, we found that the ACP time was also
associated with postoperative renal failure. During the circulatory
arrest period, ACP provides energy substrates to the brain, but the
rest of the body is subjected to total ischaemia. Apoptosis, vascular
endothelial dysfunction and an ischaemia–reperfusion mechanism
have been implicated in multiorgan dysfunction after HCA [19]. As a
result, even more pronounced postoperative renal injury may be
expected to result from deep hypothermia. A more complex and
lengthy operation associated with prolonged circulatory arrest time
and increased CPB time in patients undergoing aortic root repair or
replacement can lead to low cardiac output syndrome and acute
kidney injury postoperatively.

Figure 1: Kaplan–Meier survival curves for all 118 redo patients.

Table 5: Major and short-term adverse outcomes
(n = 118)

Outcome Number (%)

Mortality 12 (10.2)
Stroke 7 (5.9)
Permanent stroke 6 (5.1)
Composite adverse outcomea 16 (13.6)
Renal failureb 27 (22.9)
Permanent renal failure 0 (0.0)
Mechanical ventilation for >48 h 39 (33.3)
Tracheostomy 12 (10.3)
Reoperation for bleeding 12 (10.3)
Pericardial window 2 (1.7)
Pulmonary embolism 1 (0.9)
Deep vein thrombosis 9 (7.8)
Myocardial infarction 4 (3.5)

Data are reported as number (%).
aDefined as operative mortality and/or permanent neurological injury
at discharge and/or permanent dialysis at discharge.
bDefined as the need to start dialysis or a doubling of the patient’s
serum creatinine level.
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With regard to age as a risk factor for an adverse outcome in
patients who undergo aortic surgery under moderate hypother-
mia, the data are sparse and inconsistent. Age is associated with
mortality in patients undergoing atherosclerotic arch aneurysm
procedures using ACP [20], as well as patients with prior cardiac
surgery undergoing proximal aortic procedures [15]. In our study,
age was not an independent risk factor for operative mortality or a
composite outcome, but it was an independent risk factor for
postoperative renal injury (P = 0.025; odds ratio = 1.0; 95% CI 1.0–
1.1). Czerny et al. [21] emphasize that the critical preoperative
status of the patient, more than the age itself, is associated with
operative mortality, which was 13% in their series. They used a bi-
lateral 20°C tympanic temperature and 26°C bladder temperature
(for more complex repair of the aortic arch) or a bilateral 26°C
tympanic temperature and 30° bladder temperature (for hemi-
arch repair) [21].

Limitations

The main limitation of our study is its retrospective nature, with its
inherent bias. In addition, this study focused only on patients with
prior cardiac surgery in whom the proximal aortic procedure was
performed under moderate hypothermia. Owing to the inherent
risks that a redo versus a primary operation entails, as previously
explained, we did not compare the redo patients with non-redo
ones. For a control group, we used reports regarding our own
group of patients who had redo cardiac, redo aortic or non-redo
cardiac surgery performed in various temperature ranges; we also
used reports from the existing literature concerning patients re-
quiring circulatory arrest with ACP. Owing to the small number of
operative deaths, neurological events and composite adverse out-
comes, the multivariable analysis failed to identify meaningful
outcome predictors for this patient population. Nevertheless, to
our knowledge, this is one of the few studies, if not the only one,
to analyse this group of patients.

CONCLUSION

Moderate hypothermia in redo cardiac surgery patients undergo-
ing proximal aortic procedures has not been thoroughly evalu-
ated. We have demonstrated that moderate hypothermia for
proximal aortic and total arch reoperations is safe and has respect-
able results in this challenging patient population.
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