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Abstract

Background & Objectives: Endotracheal intubation is one of the most potent stimuli as an integral part of general
anesthesia with several risks such as a sudden increase in blood pressure and pulse rate. One of the drugs that can
be used to prevent hemodynamic spikes in endotracheal intubation is remifentanil. It has rapid onset and peak effect
with short duration of action. Various authors have used different doses of this drug. We compared the effect of two
different doses of remifentanil on hemodynamic response to endotracheal intubation.

Methodology: It was a randomized clinical trial on 35 patients, aged 19-65 y, physical status ASA I-Il, body mass
index (BMI) 18.5-29.99 kg/m?, who underwent elective surgery under general anesthesia. Subjects were randomly
assigned into 2 groups, Group R1, who received remifentanil 0.5 pg/kg intravenously (1V), followed by an infusion @
0.1 pg/kg/min; and Group R2, who received remifentanil 1 pug/kg followed by 0.1 pg/kg/min intravenously. Systolic,
diastolic and mean arterial pressure, and pulse rates were noted on arrival in the operating room To, then
measurements were performed 2 min after induction (T1), 1 min after intubation (T2), and continued at 3 and 5 min
after intubation (T3 and T4). The data was analyzed with SPSS v21.0 for Windows. T-test or Mann-Whitney U test was
performed to analyze the data.

Results: Based on this study, the hemodynamic parameters were significantly lower in systolic blood pressure
(113.35 + 4.66 vs. 107.83 + 6.37, P = 0.008), diastolic blood pressure (68.88 vs. 61.83 @ FRERERRP = 0.004),
mean arterial pressure (83.76 B ERRRERVs. 77.28 + 5.84, P = 0.001) and pulse rate (83.71 + 8.20 vs. 76.11 + 9.70, P =
0.013) after 1 min of endotracheal intubation in the remifentanil 1 pg/kg group compared to the 0.5 pg/kg
remifentanil group.

Conclusion: Administration of remifentanil 1 pg/kg followed by maintenance of 0.1 g/kg/min can cause a statistically
significant decrease in blood pressure and heart rate compared to remifentanil 0.5 pug/kg followed by maintenance
of 0.1 pug/kg/min, when administered for endotracheal intubation.

Abbreviation: BMI: body mass index; IV: intravenously; SBP: Systolic blood pressure; DBP: Diastolic blood pressure;
MBP: Mean arterial blood pressure;
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1. Introduction

Laryngoscopy and endotracheal intubation are one of the
most painful stimuli as an integral part of general
anesthesia."”> The response to laryngoscopy and
intubation is a sympathetic reflex associated with an
acute hemodynamic response that may last for
approximately 10 min,>* with a potential to cause
morbidity and mortality.*” Patients with hypertension
and cardiovascular disease may experience myocardial
ischemia, acute heart failure, pulmonary edema,
arrhythmias, or cerebrovascular hemorrhage. =48

Therefore,  preventive  measures to  reduce
sympathoadrenal response caused by laryngoscopy and
endotracheal intubation are important in general
anesthesia. Opioids are the most widely used drugs to
prevent hemodynamic spikes during intubation with
satisfactory results.!331° Remifentanil has rapid onset of
action, short duration of action, constant context-
sensitive half-life, rapid metabolism, and drug
elimination.!!™!* The recommended dose range of
remifentanil required to blunt cardiovascular response to
intubation is 3—4 pg/kg without muscle relaxants and
0.5-2 ng/kg with muscle relaxants.!® Maintenance use of
remifentanil during general anesthesia requires an effect
cite (Cet) of 3—10 ng/ml or about 0.1-0.3 pg/kg/min.
Maintenance is generally given to maintain the effective
plasma concentration of remifentanil because of the
context sensitive half time, which is around 3 min;
therefore, a single bolus administration of remifentanil is
unable to maintain effective blood concentrations and
achieve hemodynamic stability for some time after
intubation.>!* Higher doses of remifentanil increase the
risk of hypotension and bradycardia by up to 50%.> The
analgesic effect of remifentanil effectively reduces the
hemodynamic  response to laryngoscopy and
endotracheal intubation. Remifentanil is also known to
have an inhibitory effect on stress response by inhibiting
the secretion of norepinephrine and glucocorticoids. !4

Increasing remifentanil dose to more than 1 pg/kg
conferred only minimal additional advantage but was
associated with increased risk of hypotension and
bradycardia.'> Another study showed that a bolus dose
of remifentanil 0.5 pg/kg followed by maintenance dose
of 0.1 pg/kg/min was effective in suppressing the
hemodynamic response to laryngoscopy and intubation
with the incidence of mild hypotensive side effects in
almost 50% of patients.'>!® Subsequent studies showed
that the incidence of hypotension was less in 0.5 pg/kg
compared to higher dose but the pulse rate was higher.!”

We aimed to compare the effect of two different doses of
remifentanil on hemodynamic response to endotracheal
intubation.
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2. Methodology

The study was conducted at the Central Operating
Theater of Hasan Sadikin General Hospital during
March—July 2021, after obtaining approval from the
Health Research Ethics Committee of Hasan Sadikin
General Hospital (Number LB.02.01/X.6.5/006/2021). It
was a double blind randomized controlled trial
comparing the hemodynamic effects with two different
doses of remifentanil associated with endotracheal
intubation.

The inclusion criteria for this study were patients with
American Society of Anesthesiologists (ASA) physical
status categories I-1I, aged 19—65 y, and had a body
mass index (BMI) between 18.5 and 29.99 kg/m?. The
exclusion criteria for this study were pregnant ladies,
patients suffering from cardiovascular disorders, those
taking drugs that affect blood pressure and pulse rate,
patients who received sedatives, opioids, and analgesics
in the last 24 h, and patients with difficult airway
assessed using the Mallampati score. The drop-out
criteria for the study were patients requiring more than 1
attempt at laryngoscopy and endotracheal intubation,
patients requiring more than 45 sec for successful
laryngoscopy and intubation, and patients who showed
symptoms of allergic reaction to drugs used during
intubation.

The sample size was calculated to test the difference
between the two means of blood pressure and pulse rates
by selecting the 95% confidence level (o = 0.05) and the
80% power of the test; considered significant if the P <
0.05. The minimum sample size calculated was 17
subjects per group with a total of at least 34 subjects for
two groups. The selection of research subjects was based
on convenient sampling. The patients were allocated to
the groups based on randomization table.

Informed consent was obtained from every patient. The
study subjects were divided into 2 groups, namely the
group receiving a bolus dose of remifentanil 0.5 pg/kg
followed by remifentanil 0.1 pg/kg/min (Group R1), and
the group receiving a bolus dose of remifentanil 1 pg/kg
followed by 0.1 pg/kg/min maintenance (Group R2).
The demographic characteristics of the patients were
collected including age, body mass index and ASA
physical status.

Drug preparation was carried out in the pharmacy section
of the Center Operating Theater. Each drug was divided
into 2 preparations, namely bolus and maintenance in 50
ml syringes. The bolus preparation of remifentanil 0.5
pg/kg was diluted in a 50 ml syringe into a 2.5 pg/ml
concentration and administered at a dose of 0.2 ml/kg in
1 min using a syringe pump. The bolus preparation of
remifentanil 1 ng/kg was diluted in a 50 ml syringe into
a 5 ug/ml preparation and administered at a dose of 0.2
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ml/kg in 1 min using a syringe pump. The
maintenance preparation of remifentanil
0.1 pg/kg/min was diluted in a 50 ml
syringe into a 5 pg/ml preparation and
administered at a dose of 0.02 ml/kg/min
using a syringe pump.

Variable

All patients were fasted for at least 6 h prior

to surgery, had an IV line installed and  Age
recelyed maintenance fluids be?fore Weight (kg)
entering the operating room. The patients .
were infused with fasting fluid replacement ~ Height (cm)
and brought to the operating room. Routine ~ BMI (kg/m?)

noninvasive hemodynamic monitoring,
e.g., non-invasive blood pressure, ECG, 1
and oximeter were installed and systolic

blood pressure (SBP), diastolic blood 2

pressure (DBP), mean arterial pressure =~ ASA

(MAP), and pulse rate were recorded as 1

baseline data (T). 5

The patiept was preoxygenated wit'h aface  Time for
mask, using 100% oxygen for 5 min. Then  |aryngoscopy

the study drugs were injected. The loading

dose of remifentanil in both groups were (sec)

and intubation

Table 1: Comparison of the subjects’ characteristics between
two groups

Mallampati score

Group R1 Group R2

Remifentanil 0.5 Remifentanil 1

ng’kg ug’kg

(n=17) (n=18)

35.82 +10.99 36.11 £9.41 0.934
57.47 +6.59 54.28 + 7.63 0.284
157.35+6.15 155.50 + 9.01 0.284
23.22 +2.33 2240212 0.219
4 (23.5) 6 (33.3) 0.711
13 (76.5) 12 (66.7)

9 (52.9) 11 (61.1) 0.625
8 (47.1) 7 (38.9)

29.59 + 8.993 28.06 + 8.815 0.614

injected in 60 sec, followed by a
maintenance dose using a syringe pump. It
was followed by a bolus of propofol 2
mg/kg body weight in 30 sec. After the
patient lost consciousness and we managed
to control the airway, atracurium 0.5 mg/kg
body weight was given I'V.

Data presented as Mean + SD or n (%) For numerical data, the P-
value was obtained from unpaired T-test because the data were
normally distributed. While for categorical data, P-value was
calculated based on the Chi-Square test with Kolmogorov Smirnov
test and Fisher's Exact alternatively if the requirements for Chi-
Square were not met. The data was considered significant if P <
0.05. * sign indicates P < 0.05, which means statistically significant.

Direct laryngoscopy and endotracheal
intubation were performed by an experienced
anesthesiologist using a Macintosh laryngoscope blade
and an appropriately sized endotracheal tube in one
attempt. If the pulse rate fell to < 40 beats/min, atropine
sulfate 0.5 mg IV was given. If blood pressure fell for
more than 30%, a vasopressor (ephedrine 5—10 mg) was
given. Anesthesia was maintained using isoflurane and
50% oxygen in air at a flow rate of 3 L/min.

Hemodynamic measurements were performed 2 min
after induction (T;), 1 min after intubation (T,), and
continued at 3 and 5 min after intubation (T3 and T4).
Then the surgery was initiated.

Statistical analysis

An independent T test was performed on numerical data
to compare the mean difference of two treatment groups
if the data were normally distributed. Otherwise Chi-
square test was performed on categorical data. Mann-
Whitney U test was performed if these conditions were
not met. The Kolmogorov-Smirnov test was performed
by comparing the distribution of normally distributed
data. Calculations and statistical analyses were carried
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out with the help of Statistical Product and Service
Solution (SPSS) version 20.0 for Windows with a
significance level of 5% and was considered significant
if P <0.05.

3. Results

The study was conducted on 35 patients who underwent
elective surgery. General characteristics of the study
subjects between group R1 and R2 did not show
significant differences (Table 1). Therefore, the study
subjects were homogeneous and comparable.

There was no difference in the mean SBP between two
groups initially. Then in both groups a decrease in SBP
was observed after induction (T1), with a significant
difference between Group R1 and R2 (P < 0.05; Table
2). Significant differences between the two groups were
found at the time points T1 and T3.

There was not a significant difference of DBP between
two groups initially. Then both groups experienced a
decrease in DBP after induction (T1), with a significant
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Table 2: Comparative hemodynamic parameters between
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induction  (T1), with
differences between Group R1 and R2 at

significant

the groups
Variables Group R1 Group R2 p-value T1'and T3 (P < 0.05; Table 2).
Remifentanil 0.5 Remifentanil 1 . .
Hg/kg Ha/kg 4. DISCUSSIOI’\
(n=17) (n=18) This study was conducted on 35 patients
SBP (mmHg) 2)1vh0d u(lilderwent general aneﬁthesis, and
ivided into two groups. The subjects’
0 132.71+4.28 133.89£3.74 0.386 general characterig;ticsp includingJ age,
™ 113.35 + 4.66 107.83 £ 6.37 0.008* weight, height, BMI, Mallampati score,
T2 127.88 + 5.84 127.56 + 3.96 0.847 ASA, and time for laryngoscopy and
3 118.18 £ 5.88 11211£10.08  0.038* intubation did not have significant
T4 111.35 + 7.70 108.17 + 8.79 0.263 differences between the groups initially.
Laryngoscopy and endotracheal
DBP (mmHg) intubation are one of the most painful
T0 79,76 +4.83 81.33+7.31 0.462 stimuli as an integral part of general
T1 68.88 + 5.80 61.83+7.66 0.004* anesthesia."> ~ The  response  to
T2 77.59 £ 5.92 76.56 +7.71 0.661 laryngoscopy and intubation is a
sympathetic reflex associated with an
T3 70.47 +8.32 68.78 + 10.13 0.369 acute hemodynamic response that may
T4 69.41+£7.64 65.06 £ 9.63 0.149 last for approximately 10 min.23
MAP (mmHg) Laryngoscopy and intubation can also
cause undesirable pathophysiological
T0 97.41£3.52 98.83 +5.37 0.364 effects such as increased intraocular
T 83.76 £4.29 77.28+5.84 0.001* pressure, intracranial pressure, cardiac
T2 94.29 +5.29 93.72 £ 6.06 0.768 rhythm disturbances and
T3 86.35 + 6.86 83.17 + 9.50 0.266 bronchoconstriction.'™® At the time of
intubation, several measures can be
T4 8341+7.32 7944 +8.79 0.157 undertaken to blunt the intubation related
Heart rate (Beats/min) hemodynamic response. Opioids are the
TO 89.71 £7.07 88.67 +7.97 0.987 most widely used drugs in general
T 83.71 + 8.20 76.11 + 970 0.013* anesthesia in preventing hemodynamic
spikes during intubation with satisfactory
T2 87.71 £6.91 85.72+9.48 0.660 results.>>*1% The ideal anesthetic drug
T3 87.06 + 13.92 7717 £12.45 0.034* for obtunding the pressor response should
T4 80.76 + 13.93 73.06 + 12.68 0.096 have a rapid onset of action, be safe and

Note: The data analyzed using Mann-Whitney U test if it was not
normally distributed and T-test if it was normally distributed. The data
was considered significant if P < 0.05. The * sign indicates P < 0.05,
which means statistically significant. TO: initial data; T1: data after
induction; T2: 1 min after intubation; T3: 3 min after intubation; T4: 5

min after intubation.

easily administered, and have a relatively
short duration of action.” Remifentanil is
a fast-acting opioid with favorable
pharmacokinetic and pharmacodynamic
profiles for attenuating pain stimuli and
transient and brief hemodynamic
responses during laryngoscopy and

difference between Group R1 and R2 (P < 0.05; Table
2).

MAP of Group R1 and R2 did not show any significant
difference initially. Then a decrease in MAP occurred in

both groups after induction (T1), with a significant
difference between group R1 and R2 (P <0.05; Table 2).

Mean heart rates did not show any significant difference
between two groups initially. Then it decreased after
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intubation. Its pharmacokinetic
properties may allow a greater margin of safety given the
large individual variability in the amount of drug
required to suppress the response to a given stimulus. '

Based on the results of the analysis in this study, there
was a greater decrease in SBP in remifentanil 1 ug/kg
group compared to the 0.5 pg/kg group. These results are
consistent with previous study by Park et al. which
reported a greater reduction in SBP in administration of
remifentanil 1 pg/kg compared to remifentanil 0.5
ug/kg.'®
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This study is also in accordance with another study
comparing loading doses of remifentanil of 0.5 pg/kg, 1
pg/kg and 2 pg/kg on hemodynamic response during
laryngoscopy and intubation, which reported that
remifentanil 0.5 pg/kg effectively attenuated the
hemodynamic response with lower rates of hypotension
compared to remifentanil 1 and 2 pg/kg."”

In this study, we reported a greater decrease in systolic,
diastolic, and MAP in the remifentanil 1 pg/kg group
compared to remifentanil 0.5 pg/kg group. This result is
similar with previous study comparing placebo and
different doses of remifentanil (0.5, 1, and 1.25 ng/kg)
which stated that there was a greater decrease in blood
pressure at higher remifentanil dose.!* Another study
also reported that the use of remifentanil 1 pgkg
followed by 0.5 pg/kg/min can attenuate hemodynamic
response during endotracheal intubation, but with a
significant incidence of hypotension. '

This study showed a greater decrease in heart rate in the
remifentanil 1 pg/kg group compared to remifentanil 0.5
ng/kg group. Previous studies stated that administration
of a loading dose of remifentanil 1 pg/kg followed by
maintenance of 0.5 pg/kg/min  could reduce
hemodynamic response during endotracheal intubation,
but with significant incidence of bradycardia compared
to a loading dose of 0.5 pg/kg, followed by maintenance
of 0.25 pg/kg/min."”

Another study that compared control group with
remifentanil bolus of 0.5, 1, and 1.25 pg/kg towards
hemodynamic response during laryngoscopy and
intubation reported that remifentanil bolus of 0.5 pg/kg
was effective in attenuating cardiovascular response
during laryngoscopy and intubation with lower
incidence of bradycardia compared to remifentanil bolus
of 1 and 2 pg/kg.!” This study is also in agreement to
another study which showed that bolus of remifentanil at
1 and 1.25 pg/kg can reduce heart rate greater than 0.5
pug/kg at the time of induction and endotracheal
intubation. '3

5. Conclusion

Administration of remifentanil 1 pg/kg followed by
maintenance of 0.1 g/kg/min can cause a statistically
significant decrease in blood pressure and heart rate
compared to remifentanil 0.5 pg/kg followed by
maintenance of 0.1 pg/kg/min. Remifentanil 0.5 pg/kg
followed by maintenance of 0.1 pg/kg/min can be a good
choice during induction to attenuate the sympathetic
response during laryngoscopy and intubation because it
provides hemodynamic stability without causing an
excessive drop in blood pressure and pulse rate.
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