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Abstract

Objective: Hypothermia conventionally used in cardiopulmonary bypass necessitates rewarming to normothermic temperatures, which has
been shown to be associated with neuropsychological injury. We studied the effects of two different rewarming strategies on postoperative
neuropsychological function in cyanotic paediatric patients undergoing elective primary intracardiac repair of tetralogy of Fallot with the aid of
cardiopulmonary bypass. Methods: This was a randomised clinical study undertaken in the cardiothoracic centre of a tertiary level referral and
teaching hospital. Eighty children, aged 6—15 years undergoing elective primary intracardiac repair of tetralogy of Fallot using cardiopulmonary
bypass under moderate hypothermia at 28 8Cwere included in this study. The patients were randomly allocated into two groups of 40 each. Group
1 patients were rewarmed to a nasopharyngeal temperature of 33 8C while group 2 patients were rewarmed to a nasopharyngeal temperature of
37 8C before weaning them off cardiopulmonary bypass. The anaesthetic and bypass management was standardised for both the groups. All
patients were assessed for neuropsychological function preoperatively and on the fifth postoperative day using the MISIC tests. The amount of
blood loss and need for blood and blood product transfusion postoperatively, need for pacing, increased inotropes or vasodilator use and time to
extubation were also noted. Serum s-100b levels were measured post anaesthetic induction and at 24 h postoperatively. Results: There was a
significant deterioration in neuropsychological function postoperatively in the patients in group 2 (37 8C) as compared to their preoperative
function. This was associated with higher s-100b levels 24 h postoperatively in group 2 (37 8C) compared to group 1 (33 8C) patients. The time to
extubationwas longer in group 1 (33 8C). No significant differences were noted in the amount of postoperative blood loss, blood and blood product
use, inotrope or vasodilator use and the need for pacing. Conclusion: Weaning off bypass at 33 8C is associated with lesser postoperative
neuropsychological dysfunction compared to rewarming to 37 8C before weaning off bypass. This may be used as a tool to decrease neurologic
morbidity following cardiac surgery in children with congenital cyanotic heart disease.
# 2008 European Association for Cardio-Thoracic Surgery. Published by Elsevier B.V. All rights reserved.
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1. Introduction

During the past 15 years survival rates for children born
with congenital heart disease have improved dramatically.
Hence attention is now being directed to reducing morbidity
especially neurologic impairment that affects 5—25% of
survivors of cardiac surgery [1].

Most researchers agree that children with congenital
heart disease, especially cyanotic heart disease, are at
increased risk of postoperative neurologic and neuropsycho-
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logical dysfunction; the cause of which is multifactorial and
debatable [1]. Cardiopulmonary bypass (CPB) techniques,
circulatory arrest, hypothermia and low flow bypass are the
contributing factors to central nervous system (CNS) damage
but the literature in children who have undergone cardiac
surgery is limited and contradictory [2].

Hypothermia during CPB decreases the tissue metabolic
rate and oxygen demand and assists in the protection of
myocardium and brain against potential ischaemic insult [3].
Hypothermia however necessitates rewarming to normother-
mic temperatures on completion of the surgical procedures.
Recent reports have indicated that this rewarming phase is
associated with a significant decrease in cerebral venous
oxygen saturation. Thus, rewarming by altering the cerebral
oxygen supply demand ratio may accentuate the ischaemia
Surgery. Published by Elsevier B.V. All rights reserved.
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related injury cascade and contribute to post cardiopulmon-
ary bypass confusion, encephalopathy, neurological and
neuropsychological injury [3].

The authors hypothesised that the risk of cerebral
hyperthermia can be reduced by weaning patients off CPB
at 33 8C. The slower rate of rewarming, lower peak
temperatures at the time of weaning from CPB and sustained
mild hypothermia postoperatively can reduce neuropsycho-
logical dysfunction postoperatively. Hence we undertook to
study the effects of two different rewarming strategies on
postoperative neuropsychological function in cyanotic pae-
diatric patients undergoing intracardiac repair (ICR) for
tetralogy of Fallot (TOF) with the aid of CPB.
2. Materials and methods

This study was conducted at our cardiothoracic centre
after obtaining approval of the hospital ethics committee and
informed consent from the children’s parents. The sample
size was calculated using Stata-9 software and calculated
power>85% with a = 0.05 (level of significance) if each of the
two groups contained 40 patients each. A total of 80
paediatric patients, aged 6—15 years undergoing elective
primary ICR for TOF with CPB under moderate hypothermia at
28 8Cwere included in this study. The patients were randomly
allocated into two groups of 40 each using Fisher’s random
number tables. Group 1 patients were rewarmed to a
nasopharyngeal temperature of 33 8C while group 2 patients
were rewarmed to nasopharyngeal temperature of 37 8C
before weaning them off bypass.

2.1. Exclusion criteria

The following patients were excluded from the study:
those with history of previous palliative surgery (Blalock-
Taussig shunt), pre-existing neurological dysfunction (cere-
bral abscess, thrombosis), Down syndrome, mental retarda-
tion, renal disease (Se creatinine>2 mg/dl), preoperative LV
dysfunction (LVEF <40%), pre-existing bleeding disorders,
preoperative rhythm disturbances and patients undergoing
redo/emergency surgery.

2.2. Anaesthesia management

All patients were premedicated with morphine 0.1 mg/kg
and atropine 0.01 mg/kg intramuscularly 30—45 min prior to
induction of anaesthesia. Anaesthesia was induced with
intravenous ketamine (2 mg/kg), fentanyl (2—3 mg/kg),
midazolam (0.05 mg/kg) and the trachea was intubated
following intravenous vecuronium (0.1 mg/kg). Anaesthesia
was maintained with O2 in air (50%), sevoflurane and
supplemental doses of intravenous fentanyl, midazolam
and vecuronium administered before skin incision, sternot-
omy, aortic cannulation, on bypass, at the start of rewarming
and after weaning off bypass.

All patients underwent elective primary intracardiac repair
with transannular patch repair of right ventricular outflow
tract (RVOT) for TOFwith cardiopulmonary bypass (CPB) under
moderate hypothermia (28 8C). The CPB equipment included a
membrane oxygenator with hard shell venous reservoir
(Capiox SX 10, Terumo), roller pump, arterial filter (Dideco),
blood cardioplegia delivery system (Dideco), 3/8th inch circuit
tubing (Medtronic)andhaemofilter (Jostra). Thebypass circuit
was primed with ringer lactate, hydroxyethyl starch (Voluven
6% 130/0.4, Fresenius Kabi), mannitol (20%, 5 ml/kg), heparin
(50 mg) and sodium bicarbonate (1 ml/kg, 7.5%, w/v). The
haematocrit wasmaintained�25%on bypasswith the addition
of packed RBCs. Systemic anticoagulation was achieved with
intravenous 4 mg/kg heparin. The pump flow rates were
maintained at 100—150 ml/kg min. The perfusion pressures
were maintained at 40—60 mmHg. If the pressure was below
40 mmHg, diluted phenylephrine (25—50 mg) was given. For
pressures above80 mmHg, boluses of fentanyl,midazolamand
vecuronium were given. If these failed to lower pressures
nitroglycerine infusion at 0.5—1 mg/kg min was added on
bypass. a-stat strategywas used for blood gasmanagement on
bypass. The blood sugar was maintained between 100 and
200 mg/dl on bypass with the addition of insulin if required on
bypass. All patients received 100 mg/kg epsilon aminocaproic
acid each pre-CPB, during CPB and after weaning off CPB.

The core temperature was monitored using a tempera-
ture probe in the nasopharynx. The peripheral temperature
was simultaneously monitored on the dorsum of the great
toe and a core periphery gradient of�1 8Cwasmaintained at
all times. All patients were cooled to nasopharyngeal
temperature of 28 8C during the surgery. Rewarming was
initiated at the end of the VSD closure. The patients were
rewarmed to either 33 8C (group 1) or 37 8C (group 2)
depending on the study group. TCM (temperature controlling
machine, Sarns 3M) was used for cooling and rewarming. The
gradient between thewater bath and the blood temperature
was kept between 2 and 4 8C. The aortic cross-clamp was
released at the completion of the right atriotomy closure.
Thereafter the transannular patch repair of the RVOT was
completed. Once the nasopharyngeal temperature reached
33 8C in group 1 patients, active blood rewarming was
stopped and temperature drift was prevented by maintain-
ing the temperature of thewater bath at 33 8C and by the use
of warm water mattress with temperature maintained at
33 8C till completion of surgery. In group 2 patients the
rewarming was continued till nasopharyngeal temperature
of 37 8C was reached and thereafter active blood rewarming
was stopped and temperature drift was prevented by
maintaining the temperature of the water bath at 37 8C
and by the use of warm water mattress with temperature
maintained at 37 8C till completion of surgery. The overshoot
of temperature during rewarming on CPB was assiduously
avoided. The mean nasopharyngeal temperatures at wean-
ing from CPB were 33 8C and 37 8C respectively in the groups
1 and 2.

All patients were weaned from cardiopulmonary bypass
using intravenous infusions of dopamine 5 mg/kg min and/or
nitroglycerine 0.5 mg/kg min. Patients requiring intravenous
infusions of inotropes or vasodilators greater than above
mentioned doses for successful weaning from cardiopulmon-
ary bypass were classified as ‘increased need of inotropes or
vasodilators’. Anticoagulation was reversed with intravenous
protamine 6 mg/kg.

Serum s-100b levels were measured after anaesthetic
induction and at 24 h postoperatively using CanAg S100BB EIA
kit (CanAg Diagnostics AB, Gothenburg, Sweden). The CanAg
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Table 1
Demographic data.

Variables Group 1
(33 8C) (n = 40)

Group 2
(37 8C) (n = 40)

p value

Age (years) 9 � 3.18 8.63 � 2.83 0.64
Sex (M:F ratio) 22:18 25:15 0.43
Weight (kg) 17.53 � 6.56 19.73 � 7.26 0.22
Preoperative haematocrit 55 � 5 57 � 6 0.3
Preoperative saturation 70 � 10 68 � 10 0.2
CPB (min) 62.87 � 15.27 67.5 � 15.8 0.25
AoXCl (min) 42.63 � 10.7 43.73 � 12.5 0.72

AoXCl: aortic cross-clamp; CPB: cardiopulmonary bypass. Continuous data
expressed as mean � SD. Unpaired t test was used for comparison of contin-
uous variables and chi-square test was used for categoric variables. A p value
<0.05 was statistically significant.

Table 2
Outcome parameters.

Variables Group 1
(33 8C) (n = 40)

Group 2
(37 8C) (n = 40)

p value

Need for pacing
(no. of patients)

4 (10%) 3 (7.5%) 0.7

Postoperative
blood loss (ml)

70 (30—160) 55 (0—600) 0.15

Postoperative blood
products use (ml)

150 (50—500) 150 (0—850) 0.75

Increased inotrope
(no. of patients)

14 (35%) 11 (27.5%) 0.06

Increased dilators
(no. of patients)

2 0 0.09

Temperature on
reaching ICU (8C)

32.5 � 0.5 36.5 � 0.5 0.001

Time to extubation (h) 9 � 3.87 7.2 � 2.7 0.04
ICU stay (days) 1 1 —
Hospital stay (days) 6 6 —
Mortality 0 0 —

s-100b (ng/l)
Postinduction 65 (30—100) 65 (25—115) 0.47
Postoperative (24 h) 20 (10—40) 37.5 (0—70) 0.001

Continuous data expressed as mean � SD and median (range). Unpaired t
tests/Mann—Whitney tests were used for comparison of continuous variables
depending on normality and chi-square test/Fisher’s exact test was used for
categoric variables. A p value <0.05 was statistically significant.
S100BB EIA is a solid-phase non-competitive assay based on
the direct sandwich technique for optimal clinical sensitivity
and specificity for determination of the S100BB isoform. The
assay is based on an antibody specific for the S100BB dimer as
catcher and HRP (horse radish peroxidase) labelled mono-
clonal antibody specific for s-100b for detection.

The neuropsychological functions were assessed on the
day prior to surgery and on the fifth postoperative day using
the MISIC tests (Malin’s Intelligence Scale For Indian Children)
[4—7]. The neuropsychologist performing these tests as well
as the intensive care unit (ICU) caregivers were blinded to the
two groups. The same temperature monitoring sites (naso-
pharynx and dorsum of great toe) were used postoperatively
in the ICU. All the patients were allowed to rewarm passively
and spontaneously in the ICU postoperatively; no active
rewarming measures were used. All the patients were kept
sedated and paralysed using intermittent doses of intrave-
nous fentanyl, midazolam and vecuronium on mechanical
ventilator postoperatively. The dopamine and nitroglycerine
infusions were continued postoperatively in the ICU. Once
routine ventilatory weaning criteria were met the patients
were weaned off ventilatory support and extubated. The
amount of blood loss, blood and blood product transfusion
postoperatively, need for pacing, need of inotropes or
vasodilators as well as time to extubation were noted.
Thereafter the dopamine and nitroglycerine infusions were
tapered off and stopped based on haemodynamics.

2.3. MISIC [4—7]

The Malin’s Intelligence Scale for Indian Children (MISIC) is
an Indian adaptation of the internationally acclaimed
Wechsler’s Intelligence Scale for Children (WISC). The
socio-economic and educational backgrounds are important
factors affecting neuropsychological function. Since the
Indian patients belong to different social, economic and
educational background compared to the western popula-
tion, the authors used this test meant for the Indian
population. The MISIC test is used for children aged 6—15
years and consists of a questionnaire in Hindi/English. The
questionnaire includes a battery of tests to assess the
patient’s memory and general knowledge (information),
comprehension, mental balance and recall (arithmetic) and
attention/concentration (digit-span). The test took around
60 min to be performed. Based on the answers given by the
patient the ‘raw scores’ are calculated. The nomograms for
different age groups, derived from an Indian population are
available along with the questionnaire. These nomograms
give the weighted scores for the corresponding raw scores in
individuals of different age groups. The weighted scores were
obtained using the raw scores and the nomograms. The
weighted scores were used for inter-group and intra-group
comparison and statistical analysis. The mean of the four
weighted scores was the verbal intelligence quotient (VIQ).

The resultswere analysed using Stata-9 software. Student’s
t test and paired t tests were used to compare normally
distributed data. The chi-square test was used to compare
categoric measures while the Mann—Whitney tests was used
for non-normally distributed data analysis. The Wilcoxon
signed rank test was used for intragroup comparison. A p value
<0.05 was used to express statistical significance.
3. Results

The patients’ demographic data are listed in Table 1. Both
the groups were comparable with regards to age, sex,
weight, CPB time, aortic cross-clamp (AoXCl) time.

The outcome variables are listed in Table 2. There was
no significant difference in the need for pacing while
weaning off CPB between the two groups. The amount of
blood loss postoperatively in group 1 (33 8C) was compar-
able to that in group 2 (378 C). The amount of blood and
blood products transfused postoperatively were also
comparable between the two groups. There was no
significant difference in the need for inotropes and dilators
between the two groups.

The nasopharyngeal temperatures on arrival in ICU were
32.5 � 0.5 8C in group 1 (33 8C) and 36.5 � 0.5 8C in group 2
(37 8C). The time to extubation from admission to the ICUwas
significantly prolonged in group 1(33 8C) as compared to
group 2 (37 8C).
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Table 3
Neuropsychological tests (MISIC): intragroup comparison.

Function tested Group 1 (33 8C) (n = 40) Group 2 (37 8C) (n = 40)

Preoperative score Postoperative score p value Preoperative score Postoperative score p value

Information 81.1 � 7.5 80.9 � 7.5 0.32 81.6 � 8 75.5 � 7.5 0.04
Comprehension 78.6 � 4.5 76.7 � 4.7 0.1 77.4 � 4.2 71 � 4.1 0.02
Arithmetic 79.6 � 7.2 77.9 � 6.1 0.1 79.8 � 7.1 71 � 6.5 0.01
Digit span 77.7 � 6.1 75.7 � 6.1 0.09 78.7 � 5.7 70 � 6 0.01
VIQ 79.3 � 4.5 77.8 � 4.4 0.1 79.4 � 5 71.8 � 4.9 0.01

All scores are the weighted scores. Continuous data expressed as mean � SD. Wilcoxon signed rank test was used for comparison of continuous variables. A p value
<0.05 was statistically significant. Lower scores indicate deterioration in neuropsychological function. MISIC: Malin’s Intelligence Scale For Indian Children; VIQ:
Verbal Intelligence Quotient.

Table 4
Neuropsychological tests (MISIC): intergroup comparison.

Function tested Preoperative scores Postoperative scores

Group 1 (33 8C) Group 2 (37 8C) p value Group 1 (33 8C) Group 2 (37 8C) p value

Information 81.1 � 7.5 81.6 � 8 0.82 80.9 � 7.5 75.5 � 7.5 0.05
Comprehension 78.6 � 4.5 77.4 � 4.2 0.3 76.7 � 4.7 71 � 4.1 0.04
Arithmetic 79.6 � 7.2 79.8 � 7.1 0.9 77.9 � 6.1 71 � 6.5 0.02
Digit span 77.7 � 6.1 78.7 � 5.7 0.1 75.7 � 6.1 70 � 6 0.05
VIQ 79.3 � 4.5 79.4 � 5 0.52 77.8 � 4.4 71.8 � 4.9 0.03

All scores are the weighted scores. Continuous data expressed as mean � SD. Unpaired t tests were used for comparison of continuous variables. A p value<0.05 was
statistically significant. Lower scores indicate deterioration in neuropsychological function. MISIC: Malin’s Intelligence Scale For Indian Children; VIQ: Verbal
Intelligence Quotient.
The baseline serum s-100b levels measured just after
anaesthetic induction were comparable in the two groups.
Significantly higher levels of s-100b were found postopera-
tively after 24 h in group 2 (37 8C) when compared to group 1
(33 8C).

The neuropsychological functions tested along with the
preoperative and postoperative scores are summarised in
Table 3. The neuropsychological analysis was performed one
day prior to surgery and on the fifth postoperative day before
discharge. All the patients were out of ICU and extubated at
the time of testing. On intragroup comparison the patients in
group 1 (33 8C) did not show any significant difference in the
preoperative and postoperative test scores. The patients in
group 2 (37 8C) showed significant postoperative deteriora-
tion in all the neuropsychological functions tested. When
inter-group comparison was done the preoperative test
scores were comparable in both the groups. However the
postoperative neuropsychological test scores were lower in
group 2 (rewarmed to 37 8C) (Table 4).

All the patients were shifted out of ICU on the first
postoperative day and they were discharged on fifth post-
operative day. None of the patients were reintubated. All the
patients had adequate O2 saturation post extubation. There
was no postoperative mortality. There were no differences in
duration of ICU stay and hospital stay. There were no cases of
haemodynamic instability or re-exploration for bleeding. All
the patients remained haemodynamically stable pre and post
CPB and in the ICU.
4. Discussion

The importance of maintaining normothermia has been a
fundamental premise in the cardiac surgical practice for
many years. This has led to the application of aggressive
rewarming techniques for even modest degrees of hypother-
mia that occur frequently after CPB. Cerebral hyperthermia
occurs regularly during rewarming from hypothermic CPB
probably as a result of high cerebral blood flow and proximity
of the carotid origin to the aortic cannulation site [3]. These
high temperatures are not adequately reflected by naso-
pharyngeal temperature and may contribute to neurologic
morbidity [3].

Bissonnette et al. showed that significant jugular venous
bulb hyperthermia occurred in all infants and children after
hypothermic CPB that was not adequately reflected by
nasopharyngeal, oesophageal, tympanic or rectal tempera-
ture monitoring sites [8]. In recent studies comparing
nasopharyngeal temperature (TNP) monitoring with contin-
uous jugular venous bulb temperature (JVBT) monitoring it
was seen that the difference between the two was most
pronounced during rewarming when jugular venous tem-
perature was found to be 3—4 8C higher than the correspond-
ing nasopharyngeal temperature. The authors concluded that
nasopharyngeal temperature monitoring underestimated the
brain temperature during rewarming and speculated that as a
result of this difference in the monitored and actual brain
temperature, the brain may be at increased risk of
neurological injury [9—11].

During rewarming at the completion of surgery, the brain,
blood and the cerebral vasculature may all be at different
temperatures leading to flow metabolism uncoupling. There
could be a relative failure of hypothermic brain (neurons/
glia) to produce vasodilatory mediators in response to
increased cerebral metabolic rate. Also when blood is warm
and brain is cold enhanced oxygen off-loading from
haemoglobin results in cerebral venous blood with less
oxygen content, i.e. a greater degree of jugular venous
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desaturation [12]. Croughwell et al. reported an association
between themagnitude of rewarming induced jugular venous
haemoglobin desaturation and the severity of postoperative
neuropsychological dysfunction [13].

During and after rewarming from hypothermic CPB,
cerebral oxygen requirements may exceed cerebral oxygen
delivery due to loss of cerebral autoregulation, alterations in
blood flow because of nonpulsatile CPB, haemodilution or
other factors alone or in combination [14]. Grigore et al.
showed that patients undergoing CABG who were rewarmed
slowly and to lower peak temperatures had lesser degrees of
neurocognitive impairment 6 weeks after surgery [15].
Nathan et al. in their study of patients undergoing CABG
concluded that mild hypothermia during and after CABG led
to a significant reduction in the number and magnitude of
neurocognitive deficits. They also suggested that these
beneficial effects of hypothermia were not associated with
any increase in postoperative bleeding or morbidity or
mortality or length of ICU/hospital stay and may have a long-
term beneficial effect [16,17].

Drummond raised concerns about the occasional use of
hyperthermic perfusate during rewarming and suggested that
iatrogenic hyperthermia contributes to the substantial
incidence of neuropsychiatric dysfunction observed after
CPB in adults [18]. Burrows et al. studied 21 neonates and
infants undergoing CPB and deep hypothermic circulatory
arrest and reported significant increases in anterior fonta-
nelle pressure at the end of rewarming [19].

Shum-Tim et al., using a piglet model, reported that
cerebral hyperthermia (40 8C) was associated with persistent
deterioration of neurobehavioural outcome after ischaemia
[20] while Kuroiwa et al. confirmed that such hyperthermic
episodes are implicated in the exacerbation of neurologic
injury [21].

Wass et al. demonstrated in a canine model of complete
cerebral ischaemia that small clinically relevant changes in
temperature of 1—2 8C during rewarming resulted in sig-
nificant alterations in post-ischaemic neurologic function [22].

In our study the rewarming was done at a slow rate. The
gradient between the water bath and the blood temperature
was kept between 2 and 4 8C. There was a difference of
approximately 25 min between CPB time and AoXCl release
time in group 2 (37 8C). This was the time taken to rewarm
patients in this group to 37 8C. The peak nasopharyngeal
temperatures at weaning from CPB were 33 8C and 37 8C
respectively in the groups 1 and 2. There was no overshoot of
temperature. We did not actively rewarm our patients in the
ICU. All the patients were allowed to passively rewarm in ICU.
The patients in group 1 (33 8C) had higher neuropsychological
test scores than patients in group 2 (37 8C). This was
associated with lower serum s-100b values 24 h postopera-
tively in group 1 (rewarmed to 33 8C) compared to group 2
(37 8C). However there was no increase in the need for
inotropes or vasodilators or in the need for pacing or the
amount of postoperative blood loss or blood product usage in
group 1 (33 8C) thereby negating the concern of hypothermia
increasing the need for pacing, ionotropes or postoperative
blood loss. Thus, we concluded that the slower rate of
rewarming, lower peak temperatures at the time of weaning
from bypass and sustained mild hypothermia postoperatively
can reduce neuropsychological dysfunction postoperatively.
s-100b is an acidic, calcium binding protein (mol. wt
21 kDa) found in high concentrations in glial and schawnn
cells. The appearance of s-100b in serum indicates both
neuronal damage and increased permeability of the blood
brain barrier [23]. s-100b is eliminated by the kidney and has
a biological t1/2 of 2 h. Because the t1/2 of s-100b is short the
serum concentration must be maintained by persistent
release. High levels of s-100b were recorded soon after
bypass but fell by 24 h postoperatively in patients who
recovered without overt neurologic injury after prolonged
perfusion [24]. Persistence of s-100b in the circulation
beyond 24 h is indicative of central nervous system injury
that can manifest as neurologic or neuropsychological
dysfunction [25]. Serum s-100b levels also correlate with
the severity of dysfunction [25]. The increase in s-100b blood
levels observed during CPB may occur due to presence of
contaminants especially non-s-100b proteins, e.g. haptoglo-
bulin I precursor, apolipoprotein A-I precursor, complement
factor B-precursor, complement C3 precursor presumably
released by extra CNS tissue or the use of cardiotomy. But
late increases in s-100b after cardiac surgery, after the chest
is closed and cardiotomy influence has dissipated (�24 h)
may have a potential diagnostic value for cerebral injury.

We measured s-100b levels 24 h postoperatively in our
patients to rule out this contamination from non-s-100b

proteins. In our study higher serum s-100b levels in group 2
(37 8C) postoperatively at 24 h compared to group 1 (33 8C)
coincided with poorer neuropsychological scores postopera-
tively in group 2 patients who were rewarmed to a
nasopharyngeal temperature of 37 8C.

The time taken for extubation was greater in group 1
(33 8C) as compared to group 2 (37 8C). This can be explained
by the greater time needed for the body to rewarm
(peripheral body temperature �35 8C) in the absence of
active rewarming measures in the ICU before the patient
could be extubated. However, this did not affect the ICU and
hospital stay, which were the same in both groups. Besides,
there was no significant difference in the need for inotropes
or vasodilators, pacing, amount of blood loss and blood or
blood product transfusion postoperatively between the two
groups.

4.1. Limitations

This was a short-term study. If the patients were followed
up over longer time periods probably better information
about long-term beneficial effect of mild hypothermia on
neuropsychological function could be obtained. Due to
hospital constraints we were unable to measure the jugular
venous oxygen saturation and tensions. The patients with
high risk of central nervous system injury (e.g. previous
palliative surgery, pre-existing neurological dysfunction,
preoperative cardiac dysfunction) were not included in this
study, thus the usefulness of this rewarming strategy on these
high risk groups could not be assessed. The sample size may
have been inadequate to detect adverse effects of
hypothermia on postoperative blood loss, inotrope/dilator
use and need for pacing and may need larger studies. There
could have been a possibility of practice effects in the
neuropsychological tests but it is not an issue in this study
since the scores actually went down.
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5. Conclusion

Rewarming of patients before termination of hypothermic
CPB may be associated with deterioration in neuropsycho-
logical function. This can be limited by avoiding rewarming to
37 8C before weaning patients off cardiopulmonary bypass.
Weaning the patients off bypass at 33 8C, slower rate of
rewarming and sustained mild hypothermia in postoperative
period can reduce the extent of neuropsychological injury
thereby decreasing the morbidity and improving the quality
of life postoperatively.
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