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ABSTRACT

To evaluate bispectral index and incidence of awareness in anaesthesia
for open heart surgeries done under cardiopulmonary bypass. A total of
61 adult patients undergoing elective open-heart surgeries under CPB
were selected and assessed for bispectral index (BIS). The study showed
that the BIS values were within acceptable limits throughout surgery.
A mean BIS value of 52.03+0.51 was recorded at 37°C core body
temperature of rewarming and it was the highest BIS value during the
CPB period. It was observed that the BIS value changed by 1.48 units with
every 1°C change in temperature. None of the patients had any incidence
of recall of intraoperative events when assessed with modified BRICE
questionnaire. The highest chance of awareness during CPB was during
the rewarming time and least chance of awareness was during the
hypothermic phase based on the BIS. The BIS value decreased with
decrease in temperature and increased with increase in temperature.
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INTRODUCTION

It is challenging to modify the degree of
anaesthesia during open cardiac surgery for a variety
of reasons. Some cases of awareness might occur as a
result of inadequate anesthetic dosing™ and therefore
constitute potentially preventable medical errors®.
Additionally, the pharmacokinetics of anesthetic
medications may alter when using the heart-lung
machine.3 Because of this, a drug’s same dose
administered to two patients may be more or lower in
effect. ACochrane meta-analysis of 36 trials found that
BIS-guided anesthesia was highly effective in reducing
the risk of intraoperative awareness in 7761 high-risk
patients when compared with guiding the dose based
on clinical signs'*.

While there are many sophisticated techniques for
monitoring respiratory and hemodynamic functions
during heart surgery, there aren’t many options for
monitoring brain activity™. BIS monitoring is a modality
that was created in response to research that sought
to evaluate electroencephalography (EEG), which
digitizes the electrical activity of the brain. The
bispectral index (BIS), a variable derived from the
frontal EEG is a very useful adjunct for monitoring
depth of anaesthesia™. BIS is most promising as a
monitor of unconsciousness”. It is a dimensionless
number from 0-100, when the value is decreased it
indicates more unconsciousness or sedation. The
optimum value during General Anaesthesia is to keep
between 40-60. The value less than 60 is said to predict
the absence of consciousness correctly but it may vary
from patient to patient®. Thus, BIS appears to be a
useful tool to measure the level of consciousness and
thereby measure the effect of the anaesthetic drugs
used and hence is useful in reducing the incidence of
awareness during surgery®. In this study, by using
BIS, we have assessed the adequacy of anaesthesia
during different steps in the cardiac surgeries done
under CPB and thereby analysed whether the protocol
we are following in our institution for anaesthetizing a
patient is adequate for preventing awareness and also
assessed the explicit memory postoperatively, using
the modified BRICE questionnaire.

MATERIALS and METHODS

After considering the utility of the study and
obtainingapproval from the ethical review committee,
we selected a total of 61 adult patients undergoing
elective open-heart surgeries under CPB. Inclusion
criteria were age group between 20-70 years of both
male and female gender. Patients undergoing elective
open-heart surgeries ASA grade 4-Coronary artery
bypass grafting and valve replacements. Exclusion
criteria were previous cardiac surgery, preoperative
neurological disease, ejection fraction of less than 35%,

known allergy to any one of the drugs used, severe
renal and hepatic impairment, patient who has not
given consent for study, patient with heart rate less
than 45/min, patient with known psychiatric illness
and on psychiatric medications. Scientific basis of
sample size was used in the study 19:4 pq/d2 where
p = prevalence g = 100-P, d = 20% of p, where p = 62
g = 38d=20x 62/100, by substituting these values
n=61.

Data such as name, age, etc. were recorded. Tab.
Lorazepam 2 mg and Tab. Ranitidine 150 mg were
given orally on the previous night and two hours
before surgery. Inj. Morphine 5mg and Inj
Promethazine 12.5 mg were given IM in the
pre-medication room 30 minutes before induction of
anesthesia. Anesthesia was induced with intravenous
injections of 0.05 mg/kg (body weight) of Midazolam,
4-6 ug/Kg of Fentanyl, 0.5-1mg/Kg of Propofol and 0.1
mg/Kg of Pancuronium Bromide as muscle relaxant.
Anaesthesia was maintained mainly using intermittent
bolus doses of Midazolam, Fentanyl and Propofol.
Pancuronium was supplemented 1 mg IV every hour.
Nitrous oxide was used with oxygen with 50% FIO2 till
Inj. Heparin was administered. Isoflurane 0.5-2% was
used intermittently if BP was increased. The BIS value,
heart rate, MAP, Sp02, temperature at baseline,
post-induction, skin incision, sternotomy, aortic
cannulation, nadir temperature, every 30 mins in CPB,
rewarming, immediate post-CPB, sternal wiring, skin
closure and recovery of spontaneous movement were
recorded. The variation of BIS with temperature was
studied. Any recall of intraoperative events was
assessed using a modified BRICE questionnaire. The
results were compiled and subjected to statistical
analysis using the Mann-Whitney U-test. p>0.05 was
regarded as significant.

RESULTS AND DISCUSSIONS

The gender distribution had 54.09% of males and
45.91% of females (Table 1). Out of the 61 cases who
underwent open heart surgery under CPB, 40 were
CABG surgeries and 21 were single valve (Aortic and
Mitral) replacement surgeries (Table 2). The mean age
of the patients was 54.2 years, height was 167.4 cms,
weight was 76.8 kgs, ejection fraction was 60.2%,
operation time was 230.4 min, anesthesia time was
269.2 min, cross-clamping time was 79.6 min and the
number of anastomoses was 2.8 Table 3).

Parameters such as BIS (%) recorded at
preoperatively, during skin incision, after sternotomy,
after pericardiotomy, before bypass, cross-clamp time,
after cross-clamp time, after pump, after aortic
cannula removal, during thorax closure and end of
surgery were 96.4, 54.6, 52.8, 50.4, 50.2, 48.4, 48.2,
46.0,44.8,44.4and 42.2 respectively. Heart rate found
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Table 1: Distribution of patients

Total- 61
Gender Male Female
Percentage 54.09% 45.91%
Table 2: Type of procedure
Type Number
CABG surgeries 40
Single valve (aortic and mitral) replacement 21
Table Ill Patient characteristics (mean values)
Parameters Mean SD
Age (years) 54.2 3.5
Height (cm) 167.4 21.6
Weight (kgs) 76.8 11.5
Ejection fraction (%) 60.2 5.8
Operation time (min) 230.4 29.4
Anesthesia time (min) 269.2 27.2
Cross-clamping time (min) 79.6 8.4
Number of anastomoses(in CABG) 2.8 1.2

Table 4: Assessment of perioperative hemodynamics

Parameters BIS(%) Heartrate MAP (mmHg) SpO2 (%)
Preoperative 96.4 64.2 72.2 97.6
Skin incision 54.6 70.2 78.4 98.0
After sternotomy 52.8 68.4 72.6 98.2
After pericardiotomy 50.4 64.2 68.7 98.6
Before bypass 50.2 60.8 65.2 99.0
Cross-clamp time 48.4 62.4 62.8 98.2
After Cross-clamp time 48.2 68.4 60.1 98.8
After pump 46.0 70.2 64.2 98.6
After Aorta cannula removal 44.8 76.4 68.4 99.0
Thorax closed 44.4 78.4 70.2 99.2
End of surgery 42.2 80.2 72.0 99.4

tobe 64.2,70.2,68.4,64.2,60.8,62.4,68.4,70.2,76.4,
78.4and 80.2. MAP (mmHg) was 72.2,78.4,72.6, 68.7,
65.2,62.8,60.1,64.2,68.4,70.2 and 72.0 respectively.

Awareness during anaesthesia has become a
major concern for the anaesthesiologists. One of the
major risk factors for awareness was cardiac surgery
itself™*?. In our study, the maximum patients were in
the age group 40-60 years and minimum in the age
group above 60. The gender distribution had 54.09% of
males and 45.91% of females. Out of the 61 cases who
underwent open heart surgery under CPB, 40 were
CABG surgeries and 21 were single valve (Aortic and
Mitral) replacement surgeries. During cardiac surgery,
there were incidences of heart rate variability. As in
other surgeries the heart rate increased during the
intubation time and it was mainly attributed to the
stress response due to intubation. The heart rate also
increased during the aortic cannulation, this finding
was also attributed to the stress response during aortic
cannulation. The increase in heart rate with standard
deviation was from 64.2 before intubation to 80.2 after
intubation (Table 4). It was supported by the study
done by Ledowski, Thomas et al."®, in which endocrine
changes and heart rate variability during total
intravenous anaesthesia and balanced anaesthesia
were compared. There was a significant increase in
heart rate and this was probably due to the increased
catecholamine release in relation to the stress
response. It was supported by the study done by

Reves, Karp et al.** in which they studied 28 patients

undergoing surgery under CPB and found that
there was an increase in heart rate and MAP due
to the consequent increase in epinephrine and
norepinephrine due to stress response from the time
of aortic clamping and at different events of CPB.

There was also an increase in MAP during the time
of intubation when compared to that before intubation
(Table 4). This increase was again attributed to the
stress response during intubation. During aortic
cannulation, there was a decrease in the MAP. This
was due to the effect of increased administration of
anaesthetic drugs during this time. It was found that
there was no significant increase in BIS in relation to
the haemodynamic reaction to the stress responses. It
was supported by the previous study done by Kussman
et al."™ in which 19 patients who were undergoing
cardiac surgeries were monitored for BIS, Blood
pressure (BP), heartrate (HR) and plasma epinephrine,
norepinephrine, cortisol, ACTH, glucose, lactate and
fentanyl were analysed 15 min post-induction, 15 min
post-sternotomy, 15 min on CPB, during cooling and
during skin closure. No significant differences were
observed in changes in BIS over time. A significant
correlation was found 15 min post-induction between
BIS and BP but not between BIS and HR. BIS did not
correlate with BP or HR at any other time point. Hence,
they were unable to demonstrate a relationship
between the BIS and haemodynamic, metabolic or
hormonal indices of anaesthetic depth.

It was found that temperature had a major
influence in the variation of BIS values. The BIS value
becomes lower as the temperature is decreased and is
increased as the temperature is increased during
rewarming. There was a change of BIS of about 1.48
units with 1 degree C change in temperature. The
hypothermia reduces the energy required for the
maintenance of the intrinsic activities of the brain and
alsoreduces the electrical activities. The low BIS values
during hypothermia is attributed towards the
depressant effect of increasing hypothermia on the
cerebral metabolism, which is represented by the EEG
as an isoelectric or burst suppression pattern
dominated by isoelectric periods. It was supported by
the study done by Joseph Mathew et al."®, who found
that hypothermia decreases BIS by 1.12 units for every
degree Celsius decrease in temperature, which is not
dependent on predicted drug concentration, patient
age and surgical time at any point of time. Further
the propofol biotransformation was reduced by
hypothermia which increased the effective propofol
concentration. This was supported by the study done
by Schmidlin et al.™” who showed that the same BIS
level was achieved by higher dose of propofol during
normothermia and lower dose during hypothermia.
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