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Abstract

Background: MAC is most common method of titration of volatile anesthetics and BIS is used to measure the hypnotic effect of
anesthetics. This study was undertaken to evaluate and compare the BIS value produced by different inhalational agents at their
1 MAC end tidal concentration. Method: 200 patients of ASA I  II of either sex between 2050 years , for laparoscopic cholecystectomy
were divided into 4 groups of 50 each and  received either halothane, isoflurane, sevoflurane or desflurane. General anesthesia
was administered using fentanyl, propofol, inhalational agents and vecuronium and maintained with 67% nitrous in oxygen.
After achieving and maintaining 1 MAC  for 15 min, BIS value were recorded for next 15 min at an interval of 1 min .Collected data
was analyzed using ANOVA test. Results: At 1 MAC end tidal concentration mean BIS value for halothane was 57.0±3.51, for
isoflurane 51.57±3.84, for sevoflurane value was 49.621± 3.82, and for desflurane BIS value 42.11±4.68, and difference among
groups were statistically significant. Conclusion: At 1MAC, BIS values are  agent specific and BIS value of halothane > isoflurane
> sevoflurane > desflurane.
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Introduction

Measuring and assessing depth of anaesthesia is
fundamental to anaesthetic practice. BIS is the most
reliable tool for assessment of depth of anaesthesia
known to us. BIS uses proprietary algorithms to process
signals from an electroencephalogram (EEG) and
produces a single value (number) that normally reflects
consciousness/unconsciousness. BIS is based on
analysis of thousands of EEGs from the patients
anesthetized with various anesthetics [1].

Bispectral index shows a value of 100 while awake,
6585 under sedation, 4565 under general
anaesthesia, < 40 for burst suppression, and 0 if no
electrical activity.

Minimum alveolar concentratin (MAC) is most
common method of titration of volatile anesthetics.  It
provides best available method to monitor continuous
brain concentration of volatile anesthetic agents once
equilibrium is established between alveolus, blood
and brain. Anesthetic agents  vary in their relative
hypnotic and immobilizing  potentials , therefore
equal MAC concentration  of various volatile  agents
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may produce different BIS value.  Because of paucity
of knowledge regarding BIS value of various
inhalational agents at equal MAC, we planned this
study to find correlation between BIS and end tidal
concentration of various inhalational agents at 1 MAC
value.

Material and Methods

Study was conducted after the approval of
institutional review board. All patients of age group
2050 years of either sex with American society of
anaesthesiologists physical status I and II scheduled
for laparoscopic cholecystectomy  were enrolled in
the study after obtaining a written informed consent.
A total of 200 patients were divided into four groups
of 50 each. , i.e. group H, group I, group D, group S,
receiving halothane, isoflurane, desflurane and
sevoflurane respectively along with standard
anaesthetic technique. Exclusion criteria were patient
with morbid obesity, impaired renal and hepatic
function, history of drug and alcohol abuse and
patient with history of seizures disorder.

All patients were fasted overnight and received
tablet alprazolam 0.25 mg and tablet ranitidine 150
mg orally at night before surgery. In operation theatre,
ECG, oxygen saturation, noninvasive blood pressure,
core temperature (nasopharyngeal probe) and BIS
was monitored. Drager infinity kappa monitor was
used with Infinity BISx Smart Pod (trademarks of
Aspect Medical Systems), was used to record brain
activity continuously with a soothing rate of 15
seconds. After alcohol cleaning, disposable BIS sensor
electrodes (Quatro Sensor™, BIS, Aspect Medical
Systems) were applied to the patient’s forehead. The
sensor consisted of 4 connected parts. Part 1 was
applied at the centre of the forehead approximately 5
cm above the nasal bridge, part 4 was applied directly
above the eyebrow, part 2 was applied between parts
1 and 4, and part 3 was applied on the temple area
between the corner of the eye and the hairline. All
electrodes were within the range deemed acceptable
by the manufacturer with impedances 7.5 kU.

An 18 gauge cannula was secured on non
dominant hand. All patient received i/v fentanyl
2mcg/kg, 5 minutes before induction followed by,
inj. propofol  2 3mg/kg till loss of verbal command.
Tracheal intubation was facilitated by vecuronium
0.1mg/kg and mechanical ventilation was provided
with Drager primus machine using oxygen and
nitrous oxide in ratio of 33:67 with total flow of 3L/
min . The ventilation was adjusted to maintain end
tidal carbon dioxide concentration 3540 mmHg.

After induction, either of four inhalational agents
(halothane / isoflurane / desflurane /sevoflurane.)
was administered to achieve 1 MAC for 15 minutes
duration to allow for equilibrium between alveoli,
blood and brain.

After this following parameters were recorded i.e.
heart rate, blood pressure, oxygen saturation, inspired
and expired concentration of oxygen, nitrous oxide
and inhalational agents and BIS values were
measured at an interval of 1 minute  for further 15
minutes  duration. Vecuronium 0.02mg/kg and
fentanyl 0.5 mcg/kg were administered after every
20 minutes.  At the end of surgery, inj.neostigmine
0.05 mg/kg and inj.glycopyrolate 0.01 mg/kg were
administered and anaesthesia was reversed as per
standard practice. After extubation the patients were
shifted to recovery room.

The result obtained in the study were analyzed
using Microsoft excel and SPSS software version 17.0.
Data were collected and presented as mean± SD. The
statistical significance in mean difference was
performed using analysis of variance (ANOVA). Chi
square test, pearson correlation test as appropriate. p
value < 0.05 was considered significant. A Bonferroni
correction was used to account for multiple
comparisons.

Results

Total study population of 200 patients of
laparoscopic cholecystectomy was divided into four
groups, each group receiving halothane, isoflurane,
sevoflurane or desflurane. All four groups were
comparable with respect to their demographic profile
i.e., age, weight, height, sex, ASA status. Pre induction
BIS value was found to be in between 9698 in all four
groups. After administration of different inhalational
anaesthetic agents at their 1 MAC end tidal
concentration mean BIS value for halothane was 57.0
±3.51, for isoflurane 48.0±2.29, for sevoflurane value
was 40.65± 2.07 , and for desflurane BIS value 35.60±
4.68 (Table 2) .

BIS values at endtidal concentration of 1 MAC of
the different agent in different groups were compared
using  One way Analysis of Variance (ANOVA) as
appropriate, and Bonferroni test was performed for
post hoc comparisons within and between groups
assuming equality of variances, showed that the
difference is significant between halothane and
isoflurane, halothane and desflurane, halothane and
Sevoflurane, isoflurane and desflurane, isoflurane
and Sevoflurane and desflurane and Sevoflurane
(p<0.001) Table 2.
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Variables Halothane Isoflurane Sevoflurane Desflurane Total  
(In 4 Groups) 

p-
value 

Ageyears * 

(mediarange) 

36.52±9.351 34.14±8.286 38.48 ± 9.177 37.62±9.889 36.69±9.269 0.103 

Weightkg* (mean ± SD) 58.14±8.595 57.22±9.706 55.88±10.756 56.44±9.119 56.92±9.544 0.666 

Heightcm * 
(mean ± SD) 

157.864±7.629 157.564±8.562 155.094±9.7031 157.626±8.2877 157.037±8.588 0.330 

Sexratio ** 
(male/female) 

    12/38 14/36 10/40 12/38   48/152 0.832 

ASA class ** 
(I/II) 

43/7       44/6 46/4 45/5 178/22 0.797 

 

 N Mean Std. 
Deviation 

Std. Error 95% Confidence Interval for 
Mean 

Minimum Maximum 

Lower 
Bound 

Upper Bound 

Sevoflurane 50 40.6493 2.07360 .29325 40.0600 41.2386 34.87 46.33 

Desflurane 50 35.5987 2.50596 .35440 34.8865 36.3109 31.20  42.87 

Halothane 50 57.0093 3.51559 .49718 56.0102 58.0085 49.33 63.40 
Isoflurane 50 48.0013 2.29464 .32451 47.3492 48.6535 42.73 54.87 

Total 200 45.3147 8.50347 .60129 44.1290 46.5004 31.20 63.40 

Fig. 1: BIS value at 1 MAC end tidal concentration of halothane, isoflurane, Sevoflurane and desflurane

Table 1: Demographic profiles

*ANOVA  Test,  ** Chi Square Test

Table 2: Descriptive statistics of BIS value at 1 MAC end tidal concentration of halothane, isoflurane, Sevoflurane and desflurane
in all study groups (normally distributed data)
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 At a relatively equipotent doses, the mean BIS
value for halothane {57.0±3.51} was significantly
higher than isoflurane {48.0±2.29}, Sevoflurane
{40.65±2.07} and desflurane {35.60±4.68}.

Discussion

Our study was planned to establish the relationship
between BIS value of various  inhalational agents
halothane, isoflurane, sevoflurane and desflurane
at equi MAC, value i.e. at 1 MAC.

The result of our study showed that at 1 MAC
end tidal concentration of halothane, isoflurane,
sevoflurane and desflurane the BIS value were agent
specific and at their 1 MAC end tidal concentration
mean BIS value for halothane was 57.0±3.51, for
isoflurane 48.0±2.29, for sevoflurane value was 40.65±
2.07, and for desflurane BIS value 35.60±4.68.

On comparison, the BIS value of different
anaesthetic agents was found to be statistically
significant between the groups, i.e between halothane
and isoflurane (p<0.005) , halothane and sevoflurane
(p<0.005), halothane with desflurane (p<0.005),
isoflurane with sevoflurane (p<0.005), isoflurane with
desflurane (p<0.005) and sevoflurane with desflurane
(p<0.005).

At 1 MAC value the volume concentration  of
halothane (0.32±0.05), isoflurane (0.48±0.04)
sevoflurane (0.78±0.11) and desflurane (2.65±0.45)
produced BIS value of 57.0±3.51, 48.0±2.29, 40.65±
2.07, 35.60±4.68 respectively. The volume
concentration  of MAC value of different inhalational
agents were found to be inversely related to their BIS
value.

Various inhalational agents produce specific
pattern of EEG and this could contribute to the fact
that inhalational agents produce drug specific BIS
value at equivalent  MAC. BIS utilizes different
information from raw EEG. Power and frequency, beta
activation and burst suppression  are integrated in
single number [2].

As anaesthesia deepens the amplitude of high
frequency components fall with an increase at lower
frequencies , these changes are agent dependent [3].

However, halothane and sevoflurane differently
affect the total spectral power and median power of
EEG [4].

Halothane produces relatively fast EEG rhythms
whereas isoflurane produces mainly slow waves. In
addition isoflurane produces burst suppression
within the clinical dosage range whereas halothane
does not [5,6].

These known differences  of halothane and
isoflurane on EEG are expected to influence the BIS
value differently at a similar depth of anaesthesia.
Halothane is known to have a greater analgesic and
immobilizing effect (through its spinal action) as
compared to isoflurane [7].

Also results can be partly explained by the nature
of the BIS and how the algorithm was derived The
BIS is determined both by degree of arousal and by
direct effects of anesthetic agents on the EEG. At low
concentrations (high BIS numbers), the predominant
EEG determinant is arousal, and the BIS is less agent
specific. At high concentrations (low BIS numbers),
the effect of arousal are less, and effect of anaesthetic
agents itself are greater [8].

So there is inverse relation between concentration
of inhalational agents and BIS value. Further the drug
specific BIS value is also strengthened by the fact that
the four volatile anesthetics tested, enhanced
Gabaergic synaptic inhibition between interneurons.
Differential effects on IPSC amplitude and on the
prolongation of these currents were observed for each
agent, similar to effects observed for CA1 pyramidal
neurons [9].

Thus, hippocampal interneuron circuits are
depressed by these anesthetics in an agentspecific
manner, consistent with a multisite agentspecific
theory of anesthetic action [10]. So specific effect
on mechanisms underlying EEG generation
induced by each anesthetic agents may cause the
difference between the BIS value produced by
different inhalational agents [10].

Gupta M et al performed a study to compare the
hypnotic effects of sevoflurane and isoflurane by
analysing  the BIS values produced by the two
agents.  Sixty patients undergoing elective
mastoidectomy were allocated into groups receiving
either isoflurane or sevoflurane. BIS value was
measured at equiMAC during both wash in and
wash out phase. They found that  BIS  was
significantly lower with sevoflurane compared to
isoflurane at almost  all MAC values [11].

 A study conducted by Tirei and wodey et al
found that EEG bispectrum is agent dependent and
sevoflurane and halothane show different patterns
in the EEG bispectrum corresponding to their
respective frequencies of coupling [12].

The  BIS value under 1 MAC halothane
anesthesia to be distinctly higher 62 (4380), than
desflurane, 34 (1864) , and sevoflurane 40 (20–60),
which correlates with our result that at 1 MAC of
end tidal concentration, the BIS value for halothane
was 57.0±3.51, for sevoflurane value was 40.65±
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2.07, and for desflurane BIS value 35.60±4.68. They
concluded that the difference between BIS value
found in sevoflurane and halothane is not
dependent on depth of anesthesia but is attributable
to the different pharmacologic effect on EEG
frequency.

A study was conducted  by HA Samarkandi on
paediatrics population to correlate  the bispectral
index, with  endtidal concentration of inhalation
anesthetics. His results reflected the effect of
different pharmacokinetic properties of the three
anesthetics, with the slowestand therefore most
incompletecerebral uptake for halothane, and the
fastest for desflurane, with isoflurane in between.
As a consequence BIS values for desflurane were
significantly lower than for isoflurane and
halothane, and BIS for isoflurane was lower than
for halothane [26].

He also found that volume concentration of the
MAC value is inversely related to BIS value , that at a
relatively equipotent doses, the mean BIS value for
halothane (60.4±5.6) was significantly higher than
isoflurane (45.5±9.2) and desflurane (38.5±9.2) p<0.001)
which corroborates closely with finding of our result
that at a relatively equipotent doses, the mean BIS value
for halothane (57.0± 3.51) was significantly higher than
isoflurane (48.0±2.29)  and desflurane (35.60±4.68).

In a study  Davidson and colleagues also found
that BIS value obtained under halothane were higher
than those under isoflurane at 1 MAC [13].

Similar study reported by Edwards and colleagues
showed that mean BIS value of halothane was
approximately 15 points higher than  with
sevoflurane [14].

Also Davidson and Czarencki in a study done on
paediatrics population found that at 1 MAC,  BIS
value of halothane is significantly higher than
isoflurane [8].

Result of these study closely corroborates with our
study.  Neerja Bharti et al in 2007 found the BIS value
of halothane and isoflurane at 1 MAC end tidal
anesthetic agents to be 54.2±3.7 and 42.4±5.8
respectively [20]. dwards, J.J. par Soto, R.G. par, found
that BIS values during surgical levels of halothane
anesthesia are significantly higher than those found
at equipotent concentrations of sevoflurane [16].

Umamaheswara Rao GS, Ali Z, Ramamoorthy M,
Patil J. 2007, concluded, BIS values are significantly
lower under isoflurane compared with halothane
anesthesia at similar MAC concentrations [17].

For a given anesthetic agent and a given MAC
concentration, the BIS values are similar during

washin and washout phases of anesthesia.
Hildebrand S chwab, et al. in 2004 studied that at
equal multiples of the minimum alveolar
concentration, sevoflurane produced lower
bispectral index (BIS) values than did halothane [18].

It was found that BIS values in awake patients
did not differ between the sevoflurane and
halothane groups. At 1MAC with neuromuscular
blockade, BIS values for patients anesthetized with
halothane  exceeded those for patients anesthetized
with sevoflurane  (p  0.0001). This finding adds to
other evidence indicating that BIS is drug specific.
The results of all these studies corroborated well
with our findings.

However, BIS has Considerable Limitations [19]

Odri A et al. [20], 2008, reported a case in which
there was falsely elevated BIS value, during general
anaesthesia, neither neuromuscular blockade nor
clinical signs of awareness was present, they
attributed it to highelectromyographic activity and
electric artefacts, such as extracorporealcirculation
machine and tourniquet, and patient did not
complain of recall post operatively. Under some
circumstances a BIS value predicted unawareness
when awareness did exist [23] Avidian et al. [22],
conducted a study and found that patient had
awareness inspite of BIS value remaining within
normal range, and they proposed that protocol based
on  endtidal anesthetic gas (ETAG) measurement is
better than BISbased protocol.

BIS is drug specific,  so no specific value
guarantees adequate depth of anaesthesia with all
anaesthetics [24].

In our study we failed to find an effect of neuro
muscular blockade on BIS value, as muscle activity
was minimised at 1 MAC and was not further
decreased by neuromuscular blocking agents.
Another limitation of BIS is that BIS value does not
predict likelihood of movement [25].

From this study we can say that at one hand
halothane at one MAC is insufficient for prevention
of awareness, on other hand desflurane and
sevoflurane are more than sufficient at 1 MAC
concentration, and infact will delay the recovery
period, increase the incidence of nausea and
vomiting and increase the cost. With the
background knowledge that BIS is specific for each
inhalational agent and correlating the BIS value
with end tidal concentration, we can prevent
awareness and also reduce the recovery time and
cost of inhalational anaesthetic agents.
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Thus we conclude that halothane produces
greater BIS value than isoflurane which is greater
than sevoflurane and which produces greater BIS
value than desflurane. And this result is consistent
with the finding of other studies that BIS value for
inhalational anesthetic agent is drug specific.
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