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Introduction 

Laryngeal mask airway (LMA), a non-invasive supraglottic airway 
device was developed in 1981 by Dr. A.I.J Brain in the United 
Kingdom. [1] It has lead to a radical change in the management 

of  general anesthesia(GA) as it obviates the need of  endotracheal 
intubation (ET) in elective settings specially in ambulatory anes-
thesia. It offers advantage over tracheal tube with respect to lesser 
depth of  anesthetic needed, allows avoidance of  usage of  muscle 
relaxants and less stimulation to airway. Following clinical evalu-
ation, LMA supreme showed easy insertion, optimal laryngeal fit 
with less airway morbidity. Oropharyngeal leak pressures were 
comparable to LMA proseal. [2] Hence we used readily available 
LMA supreme (Laryngeal Mask Airway Company Limited) for the 
study. Choice of  anesthetic agents and adjutants in short surgical 
procedures is of  critical importance. Considering high incidence 
of  adverse airway responses following thiopentone, it appears an 
unacceptable induction agent for LMA insertion. Intravenous 
propofol is an agent of  choice because of  its favorable recovery 
profile and lower incidence of  side effects. Propofol is known to 
cause less gagging, coughing, laryngospasm as it obtunds the la-
ryngeal reflexes when compared to thiopentone. However, if  used 
alone relatively larger doses of  propofol are required for success-
ful insertion, which can produce untoward cardio-respiratory de-
pression. [3] Much research has therefore been conducted using a 
variety of  supplementary agents like midazolam, succinylcholine, 
fentanyl, mivacurium for ease of  LMA insertion. [4,5] Ketamine 
in subanaesthetic doses has also gained attention as co-induction 
agent as well as an analgesic. [6] A non-narcotic opioid analgesic 
agent butorphanol is also known to provide rapid analgesia with 
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relatively shorter duration of  action and has limited respiratory 
depression. [7] Therefore, this study is intended to compare LMA 
insertion conditions with ketamine and butorphanol as an adju-
vant to propofol for induction and study its untoward effects.  

Material and Methods

After obtaining institutional ethical committee approval and writ-
ten informed consent a randomized prospective double blind 
study was conducted on 80 patients of  18-60 years of  age and 
either sex belonging to American Society of  Anesthesiologists 
(ASA) grade I/ II undergoing elective short surgical procedures 
lasting less than hour.They were randomly allotted by sealed en-
velope technique to group KP (Ketamine +Propofol (n=40)) and 
group BP (Butorphanol + Propofol (n=40)). Patients with mouth 
opening less than 1.5 cm, chances of  regurgitation and aspiration 
like hiatus hernia, pregnant/ morbidly obese patients or suffering 
from pharyngeal pathology e.g. abscess, hematoma and tissue dis-
ruption, those undergoing oral surgery or patients allergic to study 
drugs were excluded. Those who met the inclusion criteria were 
premedicated with Inj.glycopyrrolate 0.2/mg, Inj.ondansetron 0.1 
mg/kg and Inj.midazolam 0.04 mg/kg intravenously (IV) 15 min 
prior to induction. After pre-oxygenation with 100% oxygen for 3 
minutes, the patient of  Group KP received Inj.ketamine 0.5 mg/ 
kg and Group BP received Inj.butorphanol 20μg/kg IV over 10 
seconds in a double blind fashion. Two minutes later, anesthesia 
was induced with Inj. propofol 2.5 mg/kg IV over 15 seconds 
until loss of  consciousness and eyelash reflex. If  required, further 
increments of  propofol 0.5 mg/ kg were given every 30 seconds. 
An appropriate-sized LMA supreme (Laryngeal Mask Airway 
Company Limited) was inserted by the blinded investigator after 
60 seconds of  injection of  propofol. Patients were given addition-
al bolus dose of  propofol 0.5 mg/kg on first unsuccessful attempt 
until three attempts. Patients were kept on spontaneous ventila-
tion. Anesthesia was maintained with 60% N2O in O2 and isoflu-
rane (0.4-2%) along with propofol bolus as and when required. 
At the completion of  surgery, N2O and isoflurane was stopped 
and the LMA removed. All patients were given post operative 
oxygen by the facemask until thirty minutes or longer if  neces-
sary (SPO2<95%). Heart rate (HR), noninvasive blood pressure 
(NIBP), electrocardiogram (ECG),respiratory rate(RR) and pulse 
oximetry (SpO2),end tidal carbon dioxide concentration (EtCO2) 
were recorded pre-induction and immediately after induction of  
anesthesia and later at 1, 3, 5 and 10 minutes, thereafter at every 
10 minutes intervals till one hour postoperatively. Post operatively 
sedation score was assessed on 4 point scale (1=awake, 2=asleep, 
brisk response to verbal command, 3=asleep, sluggish response 
to verbal command, 4= deeply sedated) at every 30 minutes up 
to two hours.

Following parameters were noted during insertion of  LMA

1.  Jaw relaxation was assessed according to Young's criteria. [8]

      •   Absolutely relaxed with no muscle tone: 1
      •   Moderately relaxed with some muscle tone: 2
      •   Poorly relaxed with full muscle tone : 3
2.  Top up dose of  propofol required or not, total dose of  propo
     fol required.
3.  Number of  attempts for LMA insertion.
4.  Coughing and Gagging.
5.  Laryngospasm and Movements.

The overall conditions according to modified Scheme of  Lund 
and Stovener. [9]

1.  Excellent: No gagging or coughing, no patient movement or 
laryngospasm.
2.  Good: Mild to moderate gagging, coughing or patient move-
ment with no laryngospasm.
3.  Poor: Moderate to severe gagging, coughing or patient's move-
ment with no laryngospasm.
4.  Unacceptable: Severe gagging, coughing or patient movement 
or laryngospasm.

Any adverse events  during intra and post operative periods like 
pain on injection, lacrimation, apnea, coughing ,gagging ,laryngo-
spasm, patients movement, regurgitation, nausea, vomiting and 
level of  sedation, variability in vital monitoring were noted  at 
certain intervals.

The statistical analysis was done for various parameters and non-
parametric patient's characteristics which were compared using 
Unpaired Student’s‘t’ test and Chi-square test respectively. The 
statistical data was analysed using statcal software- SPSS ver-
sion 17.0. Analysis of  demographic data for gender distribution 
chi-square test was applied along with calculation of  degree of  
freedom (df) whereas for age and weight distribution unpaired 
student’s‘t’ test was applied. Numerical data variables were pre-
sented as mean and standard deviation (SD).  As regards to nu-
merical variables, unpaired student’s‘t’ test were used whenever 
appropriate - (heart rate, blood pressure, respiratory rate etc) for 
comparison in between two groups. Categorical variables were 
presented as frequency and percentage. For categorical variables 
chi -square test was used (lacrimation, coughing, gagging etc). P < 
0.05 was considered as significant (*) and P< = 0.01 (**) as highly 
significant.               

Results

The demographic profile of  the patients in two groups is shown 
in Table-1.The groups KP and BP were comparable in respect 
to age, weight and gender distribution. The requirement of  total 
dose of  propofol for induction and LMA insertion was signifi-
cantly more 157.8 (31.6) mg in group KP than 141.3 (29.4) mg 
in group BP as well as top up doses required more in group KP 
(17/40 patients) than in group BP (6/40 patients) (P=0.008 & 

Table 1. Demographic profile
Group KP(n=40) Group BP(n=40) P Value

Age (years)+SD 31.9(9) 33.7(11) 0.20 (NS)
Weight (Kg) 55.8(7.8) 54.4(9) 0.45(NS)
Male/Female 19/21 18/22 0.82(NS)

Age & Weight – Student’s Unpaired “t” test. 
Male/Female Chi Square test Value +0.050, df  =1

 (S) –Significant, (HS) – Highly Significant, (NS) –Not Significant.
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P=0.006 respectively).

Figure 1a depicts the significantly absolute jaw relaxation condi-
tion in 35/40 patients in group BP as compared to 18/40 patients 
in group KP (P=0.0001). Moderate jaw relaxation was seen in 
19/40 and 5/40 patients in group KP and group BP respectively 
(P=0.001) where as incidence of  poor jaw relaxation was observed 
in 3/40 patients in group KP. Overall incidence of  significantly 
excellent and good insertion condition was observed in 32/40 
and 8/40 patients in group BP as compared to 18/40 and 19/40 
patients in group KP (P=0.011 and 0.081 respectively), Figure 1b. 
Number of  LMA insertion attempts were more in group KP (2 
attempts in 7/40) than in group BP (2 attempts in 2/40 patients) 
however the difference was statistically insignificant (P=0.137).
No patient require more than two attempts.

In our study, we noted rise in pulse rate in both the groups, but 
it was relatively greater in propofol-ketamine group after LMA 
insertion and thereafter it remained on a higher side in ketamine 
group throughout which was statistically significant. Figure 2a 
shows that in propofol-ketamine group there was wide pulse 
variation, and propofol- butorphanol group had less pulse vari-
ation, which had statistical significance proving that the group 
of  propofol-butorphanol was better than the propofol-ketamine 
group. We noted post induction, group KP showed significantly 
lesser fall in SBP as compared to group BP. Group KP showed 

statistically significant rise in systolic blood pressure after LMA 
insertion as compared to group BP, Figure 2b. Comparison of  
diastolic blood pressure between the two groups with baseline as 
well as during post induction period was found to be insignificant 
statistically, but data shows statistically significant rise in diastolic 
blood pressure post LMA insertion, at 1st   and 3rd minute in 
group KP, Figure 2c.

Figure 3a depicts respiratory rate where in post induction group 
KP showed significantly lesser fall in RR as compared to group 
BP. Group KP showed statistically significant rise in RR after 
LMA insertion as well as during 1st, 40th, 50th and 60th minute of  
intra operative period as compared to group BP. Whereas the dif-
ference in mean SpO2 in the two groups throughout operative 
period was statistically insignificant, Figure 3b. EtCO2 values were 
within normal limits in both the groups and statistically insignifi-
cant, Figure 3c.

Table-2 depicts intra and post operative adverse events in two 
groups. There was significant incidence of  gagging, coughing, 
head and limb movement observed in patients receiving ketamine 
as co-induction with propofol. Incidence of  apnea was statisti-
cally insignificant and there was no incidence of  laryngospasm, 
regurgitation, nausea-vomiting in both the groups. The patients 
who received butorphanol were clinically more sedated but the se-
dation scores were <3 at the end of  two hours in both the groups 

Figure 1a. Distribution of  groups according to Jaw Relaxation. 
Figure 1b. Distribution of  groups according to LMA Insertion Conditions and number of  patients requiring >1 attempt at 

insertion of  LMA supreme.
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Figure 2a. Comparison of  pulse rate (PR) between the two groups.

Figure 3a. Comparison of  Respiratory Rate (RR) between the two groups.
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Figure 2b. Comparison of  Systolic Blood Pressure (SBP) between two groups.
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Figure 2c. Comparison of  diastolic blood pressure (DBP) between the two groups.
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and it was statistically insignificant (P=0.078). 

Discussion

During general anesthesia hemodynamic changes with LMA 
insertion are lesser than facemask (FM) and endotracheal tube 
(ETT). [10] Studies found that insertion of  LMA following induc-
tion with thiopentone results in a greater incidence of  gagging as 
compared to propofol. [3,11,12]  LMA insertion has been revolu-
tionized since introduction of  propofol which depresses pharyn-
geal and laryngeal reflexes and improves airway tolerance to LMA 
insertion. But to reduce pharyngo- laryngeal reflexes higher doses 
of  propofol are required which further causes apnea and cardiac 
depression. Hence to reduce adverse cardio-respiratory depres-
sant effects, many co-induction drugs were introduced amongst 
which we compared butorphanol and ketamine with propofol for 
induction and LMA insertion.Butorphanol is a synthetic nonnar-
cotic (k)agonist-(μ)  antagonist analgesic from 14-hydroxymorph-

inan series. Butorphanol in a dose of  20μg/kg is found to be 
safer than 40μg/kg and  is similar to 2μg/kg of  fentanyl for the 
suitability to reach discharge criteria in outpatient surgeries. [7] 
Ketamine in sub anesthetic doses is widely used as an adjuvant 
for induction of  anesthesia. [6,13] Co-induction with ketamine 
in a dose of  0.5mg/kg has been found to be useful in respect 
of  hemodynamic stability and less adverse events. [13] Based on 
above studies we intended to compare the effects of  20μg/kg of  
butorphanol and 0.5mg/kg of  ketamine as an adjuvant to propo-
fol.

In our study,17(42.5%) patients from KP group and 7(15%) pa-
tients from BP group required top up doses of  propofol and 
mean dose of  propofol requirement was significantly less in bu-
torphanol group (141.25 ± 29.36 mg) as compared to ketamine 
group (157.75 ± 31.62 mg). Similarly in  a study conducted by  
Gupta A et al. [14] found significantly less propofol requirement 
with butorphanol as compared to ketamine when given as an 

Figure 3b. Comparison of  Oxygen saturation (SPO2) between the two groups.

Ketamine Butorphanol

RR with respect to time

SPO2 with respect to time

Sp
o 2 

%
90
91
92
93
94
95
96
97
98
99

100

SPO 2 - B
ASE

SPO 2 - I
ND

SPO 2 - I
NFER

SPO 2 - T
1

SPO 2 - T
3

SPO 2 - T
5

SPO 2 - T
10

SPO 2 - T
20

SPO 2 - T
30

SPO 2 - T
40

SPO 2 - T
50

SPO 2 - T
60

't' 'P'

Figure 3c. Comparison of  End tidal carbon dioxide concentration (Et CO2)

25
30
35
40
45

EtCO2 with respect to time

EtCO 2 -T  - B
SES

EtCO 2 -T  - I
ND

EtCO 2 -T  - I
NFER

EtCOT1
EtCO 2

T3

EtCO 2 -T
5

EtCO 2
T10

EtCO 2
T20

EtCO 2
T30

EtCO 2
T40

EtCO 2 -T
50

EtCO 2 T
60

Ketamine

Butorphanol

't'

'P'

Table 2. Distributions of  Intra and Postoperative adverse events in two groups

Group KP(n=40) Group BP(n=40) Chi Square test value,(df=1) P Value
Pain on injection 0 0 0 ----
Lacrimation 16 3 11.67 0.0006(HS)
Apnea 4 5 5 0.72(NS)
Coughing 12 4 4 0.025(S)
Gagging 10 3 3 0.033(S)
Laryngospasm 0 0 0 -----
Patient movement 14 5 5.6 0.018(S)
Regurgitation 0 0 0 -----
Nausea /Vomiting 0 0 0 ------
Sedation score of  < 3 
at 2 hours

4 5 5 0.72(NS)
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adjuvant to propofol (140.08± 18.97 mg & 160.37 ± 15.75 mg 
respectively). The incidence of  absolute jaw relaxation was high-
est in butorphanol group BP (87.50%) than in ketamine group 
KP (45%). In group BP significantly excellent insertion condi-
tions were seen in 80% patients where as in group KP 45% of  
patients  had excellent insertion conditions (P=0.0018), proving 
that propofol-butorphanol provided better LMA insertion condi-
tions then  propofol-ketamine. Our results are consistent with the 
study conducted by  Gupta A et al. [14] who also observed high-
est incidence of  absolute jaw relaxation in patients of  butorpha-
nol group (93.33%), as compared to ketamine group (36.66%) or 
fentanyl propofol (53.33%), so also excellent insertion conditions 
in 86.67%, 43.33% and 40% patients in butorphanol, fentanyl 
and ketamine group respectively with propofol as an induction 
agent. Similarly Chari P et al. [15] noted full jaw relaxation on first 
attempt and excellent insertion conditions in significantly more 
number of  patients with butorphanol as compared to fentanyl 
when used as co induction agent with thiopentone anaesthesia for 
LMA insertion. Also we observed significantly lower number of  
attempts required because of  better jaw relaxation in the butor-
phanol group.

Post induction and post LMA insertion group KP showed sig-
nificantly more rise in mean HR, lesser fall in systolic (SBP) and 
diastolic blood pressure (DBP) as compared to group BP which 
explains the indirect action via sympathomimetic effect of  keta-
mine. Goyal R et al. [13] compared ketamine (0.5mg/kg) and fen-
tanyl (1.5μg/kg) and reported significant rise in pulse and blood 
pressure with ketamine than fentanyl with hemodynamic stability 
in both the groups. Sujit K et al. [16] compared fentanyl (2μg/
kg) and butorphanol(40μg/kg) for outpatient anaesthesia with 
thiopentone and succinylcholine. He observed post intubation 
significant increase in HR and SBP in fentanyl group and more 
hemodynamic stability, less requirement of  inhalational supple-
mentation throughout the period in butorphanol group, conclud-
ing that butorphanol gave better protection against autonomic 
stimulation. Mishra LD et al. [17] noted significant fall in heart 
rate following midazolam and butorphanol. The authors sug-
gested that butorphanol was a better choice than morphine for 
use in balanced anesthesia techniques because of  its comparable 
analgesic efficacy and amnesia along with lesser postoperative res-
piratory depression and a shorter recovery room stay. We did not 
observe bradycardia in our patients probably because we had used 
anticholinergic in premedication which was not used in that study.

Lower incidence of  coughing and gagging was observed in bu-
torphanol group as compared to ketamine group as observed by 
others. [14,15] This may be because of  the analgesic, antitussive 
and low gastrointestinal activity of  butorphanol where as keta-
mine’s property of  muscarinic effects with increased airway reac-
tivity ketamine appears inappropriate for LMA insertion inspite 
of  good analgesic property.  There is also clinical disadvantage 
of  ketamine that it increases the incidence of  excessive patient 
movement as observed in group KP however there was no signifi-
cant difference in incidence of  apnea and laryngospasm in both 
the groups. Both ketamine and butorphanol are analgesics and 
are often used to reduce pain on injection with propofol. Recent 
study based on entropy by Kaur et al. [18] supports the dose spar-
ing effect of  20-40 μg/kg butophanol with propofol anesthesia. 
Butorphanol in a dose of  20 μg/kg is similar to 2 μg/kg of  fenta-

nyl as co induction agent and did not produce excessive sedation 
as seen in our patients who were well arousable at 2 hours.

Thus we conclude from our study that 20 μg/kg butorphanol is 
a better choice than 0.5mg/kg of  ketamine as co induction agent 
for LMA insertion under propofol anaesthesia for short duration. 
It causes limited cardio-respiratory depression, skeletal muscle 
action, thus significantly reduces the total dose requirement of  
anaesthetic agent with better LMA insertion conditions and lesser 
airway complications.
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