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ABSTRACT

Background: Rocuronium, a non-depolarizing neuromuscular blocking agent, has been used for rapid sequence
induction and intubation, as it has rapid onset and acceptable intubating conditions at higher doses. Propofol,
when used as an induction agent reduces cardiac output, thereby may decrease delivery of neuromuscular blocking
agent at neuromuscular junction and thereby time of onset of action of rocuronium can be increased. Ephedrine
has been described to speed up the onset of action of rocuronium and provide better intubating conditions during
induction of anesthesia. We conducted this study to quantify the effect of ephedrine on intubation conditions and
hemodynamic profile during induction of general anesthesia with propofol and rocuronium.

Methodology: Sixty adult patients of ASA Grade 1 and 2, aged between 18-55 years scheduled for various
elective surgeries under general anesthesia, were randomly allocated into two groups with 30 patients in each
group; Group A (n = 30) received inj ephedrine 70 ug/kg followed one minute later by propofol 2.5 mg/kg with
rocuronium 0.6 mg/kg and Group B (n = 30) received normal saline followed one minute later by propofol 2.5 mg/
kg and rocuronium 0.6 mg/kg. Intubating conditions and hemodynamic parameters were assessed in both groups.

Results: The demographic data and baseline hemodynamic parameters were comparable between the two groups,
(P > 0.05). However, there was a significant difference in hemodynamic parameters after induction in both groups,
(P < 0.05) but clinically the difference was insignificant. The intubating conditions were significantly better in
Group A as compared to Group B, (P < 0.05).

Conclusion: The use of low dose ephedrine before induction with propofol and rocuronium (0.6 mg/kg) provided
better intubating conditions as compared to induction with propofol and rocuronium alone at 60 seconds. The
variations in hemodynamic parameters were found to be statistically significant but clinically insignificant from
their baseline values.
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INTRODUCTION

Succinylcholine, a depolarizing muscle relaxant,
has been traditionally used as a drug of choice for
endotracheal intubation during rapid sequence
induction of anesthesia. However, it is associated
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with various adverse effects that warrants the search
for an alternative neuromuscular blocking agent
for rapid sequence induction and intubation.'?
Rocuronium, a nondepolarizing neuromuscular
blocking agent, is currently preferred as an
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alternative to succinylcholine as it has rapid onset
and may provide intubating conditions in 60-90
seconds depending on the dose administered, and
is devoid of side effects including hyperkalemia
and inducing malignant hyperpyrexia. The larger
doses of rocuronium (0.9-1.2 mg/kg) may be
associated with prolonged duration of action
but provides equivalent intubating conditions
as succinylcholine.'® So various methods or
techniques were used to reduce the effective dose
of rocuronium simultaneously not compromising
its rapid onset and intubating conditions. The onset
of action of rocuronium along with intubating
conditions may be enhanced by using certain
vasopressor or inotropic drugs like ephedrine, a
sympathomimetic agent, which acts by increasing
cardiac output and tissue perfusion during
induction of anesthesia.'® So an optimal dose of
ephedrine should be chosen to achieve rapid onset
and better intubating conditions with minimal
adverse hemodynamic effects like hypertension or
tachycardia simultaneously reducing the duration
of action of rocuronium using low dose (0.6 mg/
kg) which is desirable in some surgeries with
short duration.'® The previous studies have shown
the reduction in onset time of rocuronium along
with better intubating conditions when ephedrine
was used at a low dose (70 nug/kg). However, they
studied the comparative effects of different doses
of ephedrine. So we hypothesized that low dose of
ephedrine mayreduce therisk ofincreased heartrate
(HR) and mean arterial pressure (MAP) which can
prove to be beneficial for the patients with limited
cardiac reserve. The higher doses of ephedrine
might be associated with adverse hemodynamic
events, as reported by some studies."*!'%13 So the
present study was undertaken for comparison of
intubating conditions and hemodynamic changes
with and without pretreatment with low dose
ephedrine using propofol and rocuronium (0.6
mg/kg) in patients undergoing general anesthesia.

METHODOLOGY

After obtaining approval from local ethical
committee, this prospective randomized double
blind study was undertaken in the Department of
Anesthesiology, JLN Medical College & Hospital,
Ajmer and included 60 adult patients of either
sex between ages 18-55 years planned for various
elective surgeries under general anesthesia
requiring endotracheal intubation. Patients of ASA
Grade I and II, Mallampati grade I and II and with
thyromental distance > 6 cm were included in the
study.
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Each patient was seen for detailed pre anesthetic
evaluation a day before surgery, and necessary
investigations (hemoglobin, fasting blood sugar,
serum urea, serum creatinine, platelet count,
chest x-ray, electrocardiogram) were checked.
Demographic data were recorded and written
informed consent was taken. Patients were advised
overnight fasting.

Patients with cardiac problems, such as
hypertension, coronary artery disease, heart failure
and heart blocks, metabolic, neuromuscular and
blood coagulation disorders, bronchial asthma,
chronic obstructive pulmonary disease, diabetes
mellitus, thyroid disorders and pregnancy were
excluded. Patients on concurrent drug therapy
with sympathetic active drugs, digitalis etc, or with
history of allergic reaction to any of the drugs used
in this study were also excluded.

All patients were randomly divided into two groups
of 30 patients each using computer generated
random number table and allocation concealment
was done with closed sealed envelope technique.

After shifting patient to operating room intravenous
access was secured. Preoperative baseline values of
HR, blood pressure (NIBP) and oxygen saturation
(SpO,) were recorded and crystalloid infusion was
started. All the patients received inj. glycopyrrolate
0.005 mg/kg as premedication and inj. fentanyl 2
ug/kg. Group A (n = 30) patients were given inj
ephedrine 70 ug/kg, and Group B (n = 30) patients
received equal volume of normal saline. Anesthesia
was induced with inj. propofol 2.5 mg/kg and
inj. rocuronium 0.6 mg/kg. The study drug was
prepared by a resident in anesthesiology who was
not involved in the study.

After spontaneous breathing ceased intermittent
positive pressure ventilation was started. Intubating
conditions were assessed by jaw relaxation, vocal
cord position, diaphragmatic response. The onset
of rocuronium was defined as the time in seconds
from the end of injection of rocuronium to complete
jaw relaxation, absent vocal cord movement and
absent diaphragmatic response.

Endotracheal intubation was done in all patients,
using appropriate sized polyvinyl chloride oral
cuffed tubes by a trained anesthesiologist who had
3 years of experience, was unaware with the study
drug or group and also assessed the intubating
conditions. HR, BP and oxygen saturation were
monitored continuously and recorded at baseline,
1 min after ephedrine dosing, 1 min after induction,
immediately after intubation and at 1, 3, 5, 10, 15
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and 30 min after intubation. Complications if any
were noted.

Tracheal intubating conditions were graded based
on scoring system devised by Helbo-Hansen et
al with Steyn’s modification,” which includes five
criteria graded on a four point scale (Table 1).
Intubating conditions were considered acceptable
when every item had a score less than or equal
to two. The intubation was performed only when
acceptable conditions were present otherwise
intubation was denied and these patients were
graded under poor or unacceptable intubating
conditions.

After intubation anesthesia was maintained with
oxygen and nitrous oxide 40:60 in 0.6-0.8%
halothane. Rocuronium 0.1 mg/kg was given at
intervals of 20 min. Onset time of rocuronium,
intubation time (time taken from insertion of
laryngoscope into oral cavity till removal of
laryngoscope), number of attempts for intubation,
duration of surgery (time from surgical incision of
skin till last skin suture), recovery time (time from
end of anesthesia till eye opening) and extubation
time (time from end of anesthesia till removal of
tube) were recorded. After completion of surgery
and resumption of spontaneous breathing effort,
patients were reversed with neostigmine 0.05 mg/
kg and glycopyrrolate 0.01 mg/kg. Extubation was
done after adequate recovery of muscle power,
reflexes and respiration.

Statistical Analysis: The sample size was calculated
with an 80% power to detect the significant

comparison was done with analysis of variance
(ANOVA) while considering the baseline values as
control. AP < 0.05 was considered to be statistically
significant. The data were reported as mean = SD
and frequency.

RESULTS

The patients in both groups were comparable with
respect to demographic profile like age, sex and
weight (P > 0.05) (Table 2).

The baseline HR was comparable between the two
groups (P = 0.3). However, there was significant
increase in HR before induction i.e. one minute
after administration of ephedrine in Group A as
compared to Group B (111 = 17 per min vs. 96
+ 22 per min) (P = 0.007). The mean HR was
significantly different between the two groups after
induction with propofol (P = 0.0001).

The reduction in HR was statistically more
significant in Group B as compared to Group A (83
+ 16 vs. 103 = 15 per min), but it remained above
the baseline values in Group A after induction
with propofol. The mean HR remained above the
baseline values in Group A at 1, 3, 5 and 10 min after
induction. A significant rise in HR was observed in
both groups after intubation, (111 * 14 vs. 99 = 21
per min) in Group A and B respectively (p = 0.01).
The mean HR returned to baseline values after 15
min in Group A whereas after 3 min in Group B
which was statistically significant but clinically not
significant (considering limits of 20% change from
their baseline values) (Figure 1).

difference in intubating

conditions between Table 1: Grading of intubating conditions according to Helbo-Hansen scoring system( Steyn’s
ephedrine and  control ~ Modification)

groups and also based on Score

previous studies. Statistical S.No. Items 1 9 3 4
analysis of our study was

performed using SPSS 20.0 1 Jaw Relaxation Complete Slight Stiff Rigid
(SPSS Inc, Chicago, IL, 2 Laryngoscopy Easy Fair Difficult Impossible
g:f:)' inglll;(;tinfgleg;%%;?;riz 3 Vocal Cords Open Moving Closing Closed
and’clinical significance of 4 Coughing None Slight Moderate Severe
hemodynamic changes were 5 Limb Movement None Slight Moderate Severe

analysed using student’s
t-test and chi square test

Table 2: Comparison of demographic data between two groups

or Fischer’s exact test,

whichever appropriate. Parameter Group A (n = 30) Group B (n = 30)

The comparison between Age (years) Mean = SD 38.8 £ 13.34 38.23 + 17.12

htwo groups  regarding T Mean = 5D 52.3 + 9.20 54.07 + 15.07 >0.05
emodynamic  parameters

was done using student’s Sex (M/F) (n) 12/18 13/17

t-test and intragroup
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Table 3: Comparison of intubating conditions between two groups (Helbo-Hansen scoring
system with Steyn’s modification)

Intubating Conditions

Acceptable Not acceptable P value
Good (6-10) Poor (11-15)
A 25 (84%) 5 (16%)
<0.05
B 12 (40%) 18 (60%)
P < 0.05 statistically significant
120
~ 110
£
£
5 100
2
2
g 90
&
£ 80
c
3
2 70
——Group A =#—Group B
60
Baseline | Before After 1 min 3 min 5min | 10 min | 15 min | 30 min

Induction/Induction| after AI | after AI | after Al | after AI | after Al | after AL

Time Intervals

Figure 1: Comparison of Mean heart rate at different time interval between two groups
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Figure 2: Comparison of mean systolic blood pressure (mmHg) at different time interval
between two groups
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The baseline mean SBP was
120.3 = 8.5vs 119.3 = 13.3
in Group A and Group B
respectively, the difference
was statistically insignificant
between the two groups (P
= 0.73) A significant rise
in mean SBP was observed
in both groups from their
baseline values but more
significant in Group A as
compared to Group B (138.1
+ 9.2 vs. 126.7 = 13.7) (P
= 0.0003). However, there
was significant reduction in
mean SBP in both groups
from their pre-induction
values after induction but
comparable to the baseline
values in Group A; whereas,
there was significant
reduction in SBP in Group B
both from their baseline and
pre-induction values. The
mean SBP remained near to
baseline values after 1 min
in both groups except slight
increase in SBP in Group A
after intubation which was
not statistically significant (P
> 0.05) (Figure 2).

The baseline mean DBP was
also comparable between
the two groups, 86.4 * 7.7
vs 84.0 £ 14.9 in Group
A and B respectively (P
= 0.053). The mean DBP
was statistically different
between two groups before
induction, after induction
and up to 30 min (P < 0.05)
but clinically not significant
(Figure 3).

The baseline MAP was
statistically insignificant
between the two groups
(P = 0.441), but the rise in
MAP was observed in both
groups before induction
which  was  statistically
significant between the two
groups, 98.6 = 8.05 vs 86.2
* 14.4 in Group A and B
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Figure 3: Comparison of mean diastolic blood pressure (mmHg)

110.00

Baseline| Before After 1 min 3 min 5 min

InductionInduction after AI | after Al | after AL | after Al | after AI | after AI

Time Intervals

e=p==Group A === Group B

Figure 4: Comparison of mean arterial pressure (mmHg)

respectively,(P<0.001). The increase in MAP was
significantly more in Group A from their baseline
values as compared to Group B. However, MAP
returned to their baseline values in Group A and
Group B after induction but significantly less from
their preinduction values and remained stable
throughout the study period i.e. up to 30 minutes
but statistically significant difference was observed
between two groups up to 5 min after induction
(P < 0.05) (Figure 4). The mean SpO, remained
comparable and stable throughout the study period
in both groups (P > 0.05).

The distribution of intubating conditions showed
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10 min
after AL

statistically significant
difference  between the
two groups (P < 0.05). In
Group A and B, none of
the patients had ‘excellent’
intubating conditions but
25 patients had ‘good’
intubating conditions in
Group A as compared to
12 patients in Group B. Six
patients in Group A showed
‘poor’ intubating conditions
as compared to 18 patients
in Group B. None of the
patients in both groups
showed ‘bad’ intubating
conditions assessed on the
basis of scoring by various

30 min
after AL

15 min
after Al

parameters. So 25 (84%)
patients had acceptable
intubating conditions in

Group A as compared to
12(40%) of patients in Group
B which was statistically
significant between the two

® 100.00

t groups (P < 0.05) (Table 3).
£

2 50.00 DISCUSSION

ﬁ Various techniques have
= . .

< -/.\./.\-\I——H_. been described to improve
g 80.00 the intubating conditions
£ and time of onset of
£ rocuronium during rapid
£ 70.00 sequence induction and

10 min | 15 min | 30 min

intubation during general
anesthesia. The onset time
of a neuromuscular blocking
agent depends on the
cardiac output and muscle
blood flow.* Rocuronium,
when used in a lower dose (0.6 mg/kg) for rapid
sequence induction and intubation might not
provide optimal intubating conditions due to
slower onset of action caused by reduction in
cardiac output and tissue perfusion with induction
agents like propofol at laryngeal and diaphragmatic
muscles.! However, ephedrine at a low dose (70 ug/
kg), because of its sympathomimetic action at alpha
and beta adrenergic receptors, might shorten the
time of onset with acceptable intubating conditions
of rocuronium simultaneously providing better
hemodynamic profile avoiding any adverse
events.>!!
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Our rationale to conduct this study was to find
out whether 70 ug/kg of ephedrine can shorten
the onset time of rocuronium (particularly at low
dose) with acceptable intubating conditions with
maintenance of hemodynamic status and to know
whether it is effective in improving the intubating
conditions using propofol as induction agent
and rocuronium (0.6 mg/kg) as neuromuscular
blocking agent. This low dose might reduce the
beta adrenergic adverse effects associated with
higher doses of ephedrine like hypertension and
tachycardia. In our study, ephedrine improved the
intubating conditions without significant effects
on hemodynamic parameters. However, previous
studies compared the different doses of ephedrine
with different induction agents and they didn’t
find ephedrine effective at higher doses (>100 ug/
kg) and found it detrimental for patients with low
cardiac reserve as far as hemodynamic parameters
are concerned.1218 So with above hypothesis we
only studied to find out the optimal low dose of
ephedrine along with low dose of rocuronium
which might be desirable in some situations.

In our study, we compared the intubating
conditions between the ephedrine and control
groups. Intubating condition is the principal
qualitative measure for rapid sequence induction
and intubation as it indicates whether the patient’s
airway can be safely secured or not. The intubating
conditions were significantly better in ephedrine
group (Group A) as compared to saline group
(Group B) P < 0.05. The ephedrine group had
acceptable intubating conditions in 84% of patients
as compared to 40% of patients in saline group
which concurs with the study done by Tan CH
et al® who found that intubating conditions were
excellent (acceptable) in 84% of patients in propofol-
ephedrine group as compared to 32% in propofol
alone group. The improved intubating conditions
were achieved at lower doses of rocuronium
(0.6 mg/kg) at 60 seconds which is generally
achieved using higher doses of rocuronium (0.9
mg/kg) in 60-90 seconds showed that ephedrine
pretreatment reduced the onset time even at lower
doses of rocuronium with acceptable intubating
conditions. Our findings were also similar to the
studies done by earlier researchers’*'2'4 who
observed that intubating conditions were better
in patients pretreated with ephedrine before
induction and rapid tracheal intubation as they
had used the similar doses of ephedrine and
rocuronium and achieved acceptable intubating
conditions in 60 seconds.”’>'” However some
authors had used different doses of ephedrine (70
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ng/kg — 210 ug/kg) in their studies and they found
more better intubating conditions at higher doses
of ephedrine even in 30 seconds but at the cost of
significant hemodynamic variations which might be
detrimental for patients with low cardiac reserve.*18

In our study, the baseline HR were comparable
between the two groups. The significant difference
in mean HR was observed before induction (1 min
after ephedrine pretreatment), after induction
and after intubation (P < 0.05), but clinically it
was not significant (within 20% change from their
baseline values). In Group A, the increase in HR
before induction was associated with ephedrine
action, however, in Group B glycopyrrolate used as
premedication may increase the HR but it was more
significant in ephedrine group due to synergistic
effect of ephedrine and glycopyrrolate.'®® A
significant reduction in HR was observed after
induction in both groups,(P<0.05) but more in
saline group which can be due to induction with
propofol alone. The HR again increased after
intubation in both groups and persisted at higher
values from their baseline values up to 10 min after
induction in ephedrine group and up to 3 min in
saline group. Again the action of ephedrine and
intubation response might cause increase in HR
significantly in ephedrine group but clinically not
significant. Our findings were similar to the study
done by Gopalkrishna et al' who compared the
effect of ephedrine on hemodynamic conditions
in rapid induction of anesthesia with propofol and
rocuronium and found favorable hemodynamic
conditions during intubation and no significant
difference among the ephedrine group; however,
results were different and significant at higher doses
of ephedrine. Our results also concurred with the
findings of Karampal singh et al'> and Madhusudan
et al.>>v

A significant rise in SBP before induction could be
explained by pretreatment with ephedrine which
increases cardiac output and after intubation, and
due to stress response induced by laryngoscopy and
intubation. However, after induction both groups
showed significant decrease in SBP (P < 0.05) but
more in saline group. This may be due to counter
effect of ephedrine on propofol which leads to less
reduction in SBP in ephedrine group as compared
to saline group. The laryngoscopy and intubation
induced increase in SBP was at its peak after 1 min
in ephedrine group and remained stable thereafter
and statistically insignificant between two groups
throughout the study period.'? Our results were
supported by the study done by Michelson et al’
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who concluded that prophylactic injection of
ephedrine significantly attenuated but did not
completely abolish the decrease in blood pressure
associated with induction of anesthesia with
propofol and fentanyl. Similarly Gopalkrishna et
al' also found that pretreatment with ephedrine is
effective in preventing hypotension after induction
of anesthesia .However Masjedi et al*® reported
that high dose of ephedrine (0.15 mg/kg) may
have significant effect in preventing hypotension
and bradycardia after induction with propofol and
remifentanil which may be due to higher dose of
ephedrine used in their study.

The MAP showed significant increase before
induction (after ephedrine pretreatment) in
ephedrine group from their baseline values (P <
0.05), which was statistically significant but clinically
in acceptable range. The MAP remained near to
baseline values after intubation in both groups
and but statistically significant between two groups
up to 5 min after intubation. The increase in MAP
was on account of pretreatment with ephedrine
as it was more pronounced in ephedrine group as
compared to saline group but clinically insignificant
(considering limits of 20% change from their
baseline values). The MAP showed similar trends as
SBP and found to be similar to the study done by
Michelson et al, Gopalkrishna et al and Madhusudan
et al found similar results in their study as they have
used similar dose of ephedrine as we have used.
The mean SpO, remained comparable between two
groups at all time intervals (P > 0.05).1>7?

Limitations: Neuromuscular monitoring and
cardiac output monitoring would make strong

326

evidence to support our results while assessing
intubating conditions, but we didn’t had these
facilities at our institute.

CONCLUSION

The low dose ephedrine (70 ug/kg) and propofol
combination before induction provides significantly
better intubating conditions as compared to
propofol alone, used with rocuronium. This
combination allows rapid onset with acceptable
intubating conditions even in one minute at low
dose of rocuronium as higher doses (0.9-1.2 mg/
kg) may be associated with prolonged duration
of action which may be undesirable in various
surgeries. The hemodynamic parameters were
statistically different between two groups but
clinically they were in acceptable range considering
the limits of 20% change from their baseline values.
No significant hypertension or tachycardia were
observed but ephedrine prevents hypotension and
bradycardia associated with propofol induction.
However, precautions should always be taken in
patients with limited cardiac reserve.
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