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Abstract
Introduction : The paediatric patients coming for cardiac surgeries are prone to hypothermia,
which leads to various perioperative complications. Although various studies have documented
the haemodynamic stability of Sevoflurane and opioid induction techniques, comparison of
thermostability between these two methods have not been attempted. In this randomised com-
parison study, we compared the thermostability during induction and during the pre-bypass
period in paediatric patients coming for elective cardiac surgery.
Methods : Sixty paediatric patients undergoing corrective surgery for congenital cardiac illness
under general anaesthesia were randomly assigned to two groups receiving inhalational induc-
tion with Sevoflurane (Group I; n=30) and intravenous narcotic induction with Fentanyl-
Midazolam (Group N; n=30) respectively. Temperature was monitored every 10 minutes until
the patient went on cardiopulmonary bypass. The data were analysed using appropriate statis-
tical methods.
Results: Mean fall in temperature at the end of 50 minutes (average pre-bypass interval) was
lower in Group I (0.8º C; mean temperature 35.3 ± 0.86º C) when compared with Group N (1.4º C;
mean temperature 34.9 ± 0.89º C). This was found to be statistically non-significant (p = 0.26).

Introduction

Hypothermia is one of the frequent
problems experienced by the

anaesthesiologists, especially when the
patient is a child. It can lead to decreased
end organ perfusion, surgical wound infection,
increased duration of hospitalization,
increased blood loss due to intraoperative
coagulopathy, increased requirement of
intraoperative blood transfusion, morbid
cardiac events, postoperative ventricular
tachycardia etc.1 Hence it becomes important
to choose an anaesthetic agent which is
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thermostable so that all the metabolic ill
effects of hypothermia can be avoided, which
will result in rapid functional recovery of the
patient and reduce the incidence of
complications.

Anaesthesia induction using narcotics has
been the universal norm for patients coming
for cardiac surgeries since the early 1970s.
Longer acting hydrophilic opioids like
morphine used in the past for anaesthesia
induction, were replaced with the more
lipophilic and shorter acting Fentanyl. Many
a times to avoid intraoperative awareness, a
benzodiazepine like midazolam is also
included for the induction. Anaesthesia
induction with Fentanyl-Midazolam is very
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cardiostable and has been in vogue
universally.

Sevoflurane is a newer anaesthesia agent
used for inhalational induction, which has
gained widespread acceptance worldwide
within a decade of its introduction. This
immense popularity is due to its
cardiostability and pleasant, nonirritating
smell, unlike the other potent inhalational
agents, which makes it preferable in children
without intravenous access. Hence it has
gained rapid acceptance among anaesthetists
in general and among paediatric and cardiac
anaesthetists in particular.

With this background, this prospective,
randomized comparative study was aimed to
compare the thermostability of these two
methods of induction in paediatric patients
coming for cardiac surgery and to compare
the side effects if any.

Methods
Sixty patients were included in this

prospective, randomized comparison study
conducted at our institution between January
and March 2008. Paediatric patients coming
for elective cardiac surgery on
cardiopulmonary bypass for congenital heart
diseases below twelve years of age were
included for this study. Patients age over 12
years, patient refusal to participate in the
study, fever on the day the day of surgery
and emergency surgical procedures comprised
the exclusion criteria. After obtaining
institutional ethics committee clearance and
written informed consent from the patients,
the patients were  randomly allocated into 2
groups of 30 each, using “sealed envelope”
technique. Patients in the first group (Group
N) received intravenous narcotic induction
with Inj.Fentanyl 10 µg/kg and Inj.
Midazolam 0.1 mg/kg i.v. Patients in the other
group (Group I ) were induced by inhaling 4-
8% Sevoflurane via face mask.

All the patients were assessed pre
operatively with a thorough and detailed
history about the duration of symptoms, past
medical and surgical history and allergic
reactions, if any. General physical
examination and systemic examination of
cardiovascular system, respiratory and
central nervous system and airway
assessment were done.

Routine investigations like complete
haemogram, blood sugar, renal and liver
function tests, serum electrolytes, chest X-
ray and ECG were done.

As per the institutional protocol,
intravenous access was established in the
ward. After checking consent and confirming
starvation, patients were wheeled into the
operation theatre and  monitors were
attached. The operation theater temperature
was strictly maintained at 28° C throughout
the duration of surgery.

Patients in Group N received anaesthesia
induction with Inj.Fentanyl 10 µg/kg and Inj.
Midazolam 0.05 mg/kg intravenously,
followed by Inj. Pancuronium 0.1 mg/kg, mask
ventilated with 100% Oxygen for 3 minutes,
and then intubated with an appropriately sized
endotracheal tube. The patients were
maintained on Inj. Fentanyl 2 µg/kg/hr, Inj.
Midazolam 0.03 mg/kg/hr and Inj.
Pancuronium 0.1 mg/kg/hr as a continuous
infusion.

Patients in Group I were induced by
inhaling 4-8% sevoflurane. After losing
consciousness, the ability to ventilate with
face mask was confirmed and Inj.
Pancuronium 0.1 mg/kg was given
intravenously. After mask ventilation for 3
minutes, the patients were intubated with an
appropriate sized endotracheal tube. The
patients were maintained on inhalational
Sevoflurane at 2-4% and Inj. Pancuronium
0.1 mg/kg/hr as an infusion, until they went



Bombay Hospital Journal, Vol. 52, No. 1, 2010 5 9

on cardiopulmonary bypass.
The patients in both the groups were

monitored for heart rate, blood pressure,
Oxygen saturation and temperature pre
induction, during induction, every ten
minutes after induction, and before going on
cardiopulmonary bypass.

Results
At the completion of the study, the data

was analysed using the software Graphpad.
ANOVA test and Student’s paired ‘t’ test were
applied to find out the level of significance.

Table 1 compares the age of the patients
in both the groups. Both the groups were
comparable on terms of age. The mean age
in group I was 2.6 ± 2.4 years (Mean ± SD),
and the mean age in group N was 3.1 ± 2.8
years (Mean ± SD). The data were analysed
using Mann-Whitney test. The two-tailed P
value was found to be 0.5085. By conventional
criteria, this difference is considered to be
not statistically significant.

Table 2 reveals that 15 patients of Group I

had cyanotic heart disease (ToF, TAPVC,
TGA) compared to Group N, where 14 people
were cyanotic. Both the groups were
compared on the basis of the direction of the
shunt (cyanotic or acyanotic). Non parametric
unpaired T test was used for the comparison
(Mann Whitney test). The P value was found
to be 0.9, which makes both the groups
comparable. (P > 0.05; not significant).

Table 3 compares the temperature
variations between both the study groups.
From the Table, it can be seen that the mean
temperature pre induction in the subjects of
the Group I was 36.1º C ± 0.72º C, which is
mildly hypothermic when compared to the
normal range of 36.7º C – 37.0º C. This mild
degree of hypothermia can be attributed to
the fact that almost 14 patients were less than
1 year of age (46.67% of total subjects) and

Fig. 1 : Age distribution in group I and group N.

Table 1 : Age distribution in group I and
group N

S.No Age Group I Group N Total

1 < 1 year 14 12 26
2 1-5 years 10 10 20
3 5-10 years 3 5 8
4 > 10 years 3 3 6

Table 2 : Types of heart defects in both the
groups

S. No Type of Group I Group N Total
cardiac defect

1 ASD 5 6 11
2 VSD 8 7 15
3 TOF 7 8 15
4 TAPVC 5 6 11
5 TGA 3 2 5
6 PDA 2 1 3

(Legend: ASD: Atrial Septal Defect,
VSD: Ventricular Septal Defect, TOF: Tetralogy of
Fallot, TAPVC: Total Anomalous Pulmonary
Venous Connection, TGA: Transposition of Great
Arteries, PDA: Patent ductus Arteriosus)

Fig. 2 : Comparison of types of heart defects between
Group I and Group N.
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the operating room temperature was
maintained at 28º C. Similar degree of
hypothermia was seen in Group N too, where
the mean temperature before induction was
36.3º C ± 0.71º C, which can be attributed to
the relatively high number of infants in the
study group (12 patients, 40% of the total
subjects). Using Unpaired t test, both the
groups were concluded as comparable in
terms of the pre induction temperature (P =
0.31).

Not much variations in temperature was
found immediately after induction in both the
groups (Group I : mean 36.1 ± 0.86º C; Group
N: mean 36.2 ± 0.73º C; P = 0.65, not
significant). But as the time progressed, there
was a more profound fall in temperature in
Group N. at the average duration for the child
to go on cardiopulmonary bypass (50 minutes
from induction), the mean fall in the

temperature in Group N was 1.4º C when
compared to 0.8º C fall in Group I (mean
temperature in Group N at 50 min post
induction: 34.9 ± 0.89º C; mean temperature
in Group I at 50 min post induction: 35.3 ±
0.86º C).

Although the fall in temperature appears
numerically very significant (1.4º C in Group
N when compared to 0.8º C in Group I), it
was concluded as statistically not significant
by Unpaired t test (‘t’ value: -1.1; P value =
0.26) (Table 3).

Two way repeated measure ANOVA test
was applied to detect difference in
temperature over time within the groups
(Table 5) and between the groups (Table 6).
The differences within subjects were found
to be comparable and also the differences
between the groups were not found to be
significant.

Table 3 : Temperature variations pre and post induction

Time Group N Group I Unpaired t-test
Mean S.D. S.E.M. Mean S.D. S.E.M. t-value p-value

Preinduction 36.3 0.71 0.13 36.1 0.72 0.14 1.0 0.31
after induction 36.2 0.73 0.14 36.1 0.86 0.17 0.5 0.65
10 min after 36.1 1.04 0.19 35.9 0.71 0.14 0.7 0.48
20 min 35.7 0.75 0.14 35.8 0.78 0.15 -0.5 0.64
30 min 35.4 0.91 0.17 35.7 0.71 0.14 -1.2 0.24
40 min 35.2 1.00 0.18 35.5 0.92 0.18 -1.0 0.32
50 min 34.9 0.89 0.17 35.3 0.86 0.17 -1.1 0.26

Fig. 3 : Mean temperature variations pre and post
induction

Table 4 : Mean temperature variations pre
and post induction

Mean Temperatures (º C) Group I Group N

Preinduction 36.1 36.3
After induction 36.1 36.1
10 min after induction 35.9 36.0
20 min after induction 35.8 35.6
30 min after induction 35.7 35.3
40 min after induction 35.5 35.1
50 min after induction 35.3 34.9
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Discussion
Body temperature is maintained within a

narrow range of 36.7° C to 37.0° C by the
body’s compensatory mechanisms. Non
anaesthetised subjects do not become
hypothermic when exposed to a typical cool
operating room environment because
thermoregulatory vasoconstriction and
shivering maintains core temperature.1

In contrast, core hypothermia develops
rapidly in the hour immediately after
induction of general anaesthesia.2,3 General
anaesthesia markedly impairs normal control
of body temperature, reducing the threshold
for thermoregulatory vasoconstriction from
approximately 36.7° C to approximately 34.5°
C. Sweating and active vasodilation
thresholds similarly are increased to almost
38.0° C. This widens the narrow range of
temperatures in which thermocompensatory
regulatory compensations from the normal
range of  0.3° C (36.7° C – 37.0° C) to
approximately 4.0° C (34.0° C – 38.0° C).

Anaesthesia reduces the core body
temperature by two mechanisms. A small but
significant contribution is by increased
cutaneous heat loss.4 This is because of
reduction in the threshold of
thermoregulatory vasoconstriction in
anaesthetized patients but simultaneously

reduces metabolic heat production.5,6 The
threshold for thermoregulatory
vasoconstriction during nitrous oxide/
sevoflurane anaesthesia is reduced in the
elderly. Nitrous oxide decreases the threshold
for vasoconstriction less than sevoflurane or
isoflurane). However, the decrease appears
insufficient to explain the observed initial
decrease in core temperature, suggesting that
redistribution of heat from core to peripheral
tissues is a major cause of core
hypothermia.5,6

Intraoperative core temperature initially
decreases rapidly because anaesthetic-
induced inhibition of tonic thermoregulatory
vasoconstriction causes a core-to-peripheral
redistribution of body heat. The subsequent
slower, linear decrease in body temperature
results from heat loss exceeding metabolic
heat production. The resulting imbalance
between heat production and loss decreases
body heat content. And finally, after 3-4 h of
anaesthesia, core temperature stabilizes at
an abnormally low value.

Redistribution of body heat significantly
alters core temperature at two points during
anaesthesia. The first is during induction,
when anaesthetic-induced vasodilation
facilitates core-to-peripheral redistribution of
body heat.2 The second is during the “plateau”

Table 5 : Tests of within-subjects effects

Source Type III Sum of Squares D f Mean Square F Sig.

Temp Lower-bound 222.7 1 222.7 34.1 0.001
Temp* anaesthesia Lower-bound 9.7 1 9.7 1.5 0.229
Error (Temp) Lower-bound 333.3 51 6.5

  

Table 6 : Tests of between-subjects effects

Source Type III Sum of Squares df Mean Square F Sig.

Intercept 598766.11 1.00 598766.11 147416.21 0.001
Anaesthesia 0.01 1.00 0.01 0.00 0.954
Er ro r 207.15 51.00 4.06
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phase when reemergence of
thermoregulatory vasoconstriction
reestablishes the normal core-to-peripheral
tissue temperature gradient.5,6

Patients becoming sufficiently
hypothermic will trigger thermoregulatory
vasoconstriction that decreases cutaneous
heat loss and simultaneous triggering of
shivering and non shivering thermogenesis
promote excess heat production.7

There is no significant difference in the
thermoregulatory inhibition under general
anaesthesia with equipotent doses of
inhalational agents, between children and
adults.8 The high surface area to mass ratio
in infants, which allows the rapid loss of heat
to environment is largely offset by a high
intrinsic metabolic rate. Environmental heat
loss is further reduced by a well developed
thermorelulatory vasoconstriction.8

The vasoconstriction threshold in infants
and children anaesthetized with isoflurane
differs only slightly from that of adults.
Although there was a trend toward increased
threshold temperatures in smaller infants and
children anaesthetized with similar age
corrected concentrations of isoflurane,
differences between the groups were not
statistically significant, which indicates that
inhibiton of thermoregulatory
vasoconstriction is relatively independent of
body weight.8

Sevoflrane is similar to isoflurane in regard
to decreasing the thermoregulatory threshold
for vasoconstriction although at a slower
rate.9 More data regarding the
thermoregulatory inhibition in paediatric
patients with sevoflurane is not available. In
our study, it was found that even 50 min after
inhalational induction and maintenance with
1-2 MAC of sevoflurane, the temperature fall
was only 0.8° C, and the temperature
stabilized around 35.3° C, which was  higher

than that of the intravenous narcotic
induction group (Group N; 34.9° C). The
finding corroborates well with the finding of
the study by Okazi et al, which states that
sevoflurane inhalation at 1 MAC decreases
the vasoconstriction threshold to 35.3° C in
paediatric patients.5

The effects of opioids on thermoregulation
remained unclear until recently. Alfentanil
has been demonstrated to significantly reduce
the thermoregulatory threshold temperature
for vasoconstriction.10 Meperidine and
sufentanil l inearly reduce the shivering
threshold temperature, which has been used
to threat post operative shivering.11 But there
is no documented study showing the effects
of fentanyl on thermoregulation.

Midazolam only slightly reduces the
threshold temperature for sweating, but more
so for vasoconstriction with a tripling of
interthreshold range (around 36.5° C – 37.5°
C).10 These results contrast with the findings
for volatile anaesthetics, propofol or opioids,
where the interthreshold range increases by
a factor of 10 to 15 (around 34.0° C – 37.5° C).
This indicates that midazolam induction is
much more temperature stable than
inhalational induction. But in our study, since
we had used a combination of Fentanyl and
Midazolam, the final temperature was around
34.9° C. The mean fall in temperature in the
prebypass period was more with the narcotic
induction group (1.4° C), when compared with
inhalational induction and maintenance with
sevoflurane (mean fall in temperature
0.8° C).

Conclusion
By analyzing the data from this study, we

conclude that even though the mean fall in
temperature with inhalational induction with
sevoflurane (Group I) was only 0.8° C when
compared with the 1.4° C fall in the
intravenous induction with fentanyl and
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midazolam (Group N), the results were not
found to be statistically significant. So until
further evidence, it is safe to assume that
both the techniques have no statistically
significant differences in thermostability and
can be safely employed in paediatric patients
coming for cardiac surgeries.
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HOME BLOOD-PRESSURE MONITORING : US AND EUROPEAN CONSENSUS

Both guidelines concur that home blood-pressure monitoring is the ideal method for monitoring the
response to antihypertensive treatment in daily practice. Measurements can be taken over long
periods, and the average of at least 12 readings (including morning and evening of several days) is
accepted as the current blood pressure. Not only is the blood-pressure response to treatment better
assessed, but there is also evidence that the active involvement of the patient using home blood-
pressure monitoring can lead to better control of hypertension.

The Lancet, 2009; 373 : 876-77.


