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ABSTRACT

Introduction: Laryngoscopy and intubation cause lots of
haemodynamic changes which adversely affects the patient
during the perioperative period. Various methods have been
applied to reduce stress response in high risk patients.
Ivabradine is a unique cardiotonic drug which reduces the
heart rate without compromising blood pressure, specially in
debilitating and severely ill patients.

Aim: To evaluate role of oral ivabradine in attenuating the
haemodynamic stress response to laryngoscopy, intubation
and extubation in patients undergoing surgical procedure under
General Anaesthesia (GA) and to note the side-effects and its
complications, if any.

Materials and Methods: A randomised controlled multicentric study
was conducted in 200 American Society of Anaesthesiologists’
(ASA)-I and Il patients undergoing various surgery under general
anaesthesia. The patients were randomly divided into two groups:
group A (Test group, n=100) received 5 mg oral ivabradine one hour
before intubation, group B (Control group, n=100) received placebo.
The pulse rate, Systolic Blood Pressure (SBP) and Diastolic Blood
Pressure (DBP) and Mean Arterial Pressure (MAP) were recorded at

INTRODUCTION

Stress response during laryngoscopy and endotracheal intubation
leads to increase in heart rate, blood pressure and can cause harmful
systemic effects [1]. In healthy patients compensatory mechanism
is there, however, there are more chances of morbidity and mortality
in pre-existing conditions like hypertension, coronary artery disease,
recent myocardial infarction, raised intracranial pressure, geriatric
population, preeclampsia, aneurismal vascular disorders and
ischaemic heart disease [2].

Various techniques help in prevention of stress responses-using
intravenous lignocaine, deeper plane of anaesthesia with inhalation
agents or opioids, prostaglandins vasodilators, alpha adrenoreceptor
antagonists, calcium antagonists, trinitroglycerin, and minimising
the duration of laryngoscopy to <15 seconds [3].

Ivabradine inhibits the funny current (“If” channels) in sinoatrial nodal
tissue that leads to decrease in the rate of diastolic depolarisation
and consequently decreases heart rate without affecting blood
pressure [4].

The patients with angina, coronary artery disease, cardiac failure,
and obstructive cardiomyopathies are more susceptible to hypoxia.
Oral ivabradine drug reduces the heart rate without reducing blood
pressure [5,6]. Therefore, the oral ivabradine may be the choice of

intubation and 10 minutes postintubation along with at extubation
and postintubation period till 10 minutes. Patients were monitored
for haemodynamic changes as per the protocol. Statistics analysis
was done using Statistical Package of Social Science (SPSS)
software version 21.0.

Results: Demographic findings were comparable in both groups.
Heart rate (84.36+4.11 versus 114.19+12.4), SBP (120+10.5
versus 150+£17.5), DBP (76.08+4.29 versus 113.2+10.6), MAP
(91.3+6.7 versus 124.4+12.8) at 10 minutes postintubation
decreased more in test group as compared to control group
from baseline (p-value <0.005). Similarly, heart rate (84.13+2.06
versus 110.58+8.92), SBP (123.4+10.06 versus 150.8+13.1),
DBP (84.08+£2.02 versus 107+10.2), MAP (97.8+6.47 versus
122.06+9.7) at 10 minutes postintubation decreased significantly
in test group as compared to control group from baseline
(p-value <0.005).

Conclusion: Oral ivabradine is a very useful cardiotonic drug
which facilitates the fluctuation in heart rate during laryngoscopy
and endotracheal intubation.

Keywords: Attenuation, Cardiotonic drug, Diastolic blood pressure,

Heart rate, Mean arterial pressure, Systolic blood pressure

drug during GA due to its multiple benefits on myocardium. Oral
ivabradine can be used in bronchial asthma and diabetic patients
due to its advantages over beta blockers [7].

The aim of the present study was to evaluate the role of oral
ivabradine in patients scheduled for surgery under GA. The primary
outcome measures were the haemodynamic variables (heart rate,
systolic blood pressure, diastolic blood pressure, mean arterial
pressure) while the secondary outcome measures were side-
effects, if any.

MATERIALS AND METHODS

This randomised controlled multicentric study was conducted from
December 2021 to June 2022 at the GCS Medical College, Hospital
and Research Centre, Ahmedabad and Indira Gandhi Medical
College, Research Institute, Puducherry. The ethical approval
were obtained from the respective Institutional Ethics Committees,
with the following reference numbers- GCSMC/EC/RESEARCH
PROJECT/APPROVE/2021/327 (GCS Medical College, Hospital
and Research Centre, Ahmedabad), and No386/IEC-33/IGMC&RI/
PP-20/2022 (Indira Gandhi Medical College, Research Institute,
Puducherry). This Clinical Trial Registry of India registration number
is CTRI/2022/04/042188.
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Patients written informed consents were obtained. A convenient
sampling technigque was used. Total 200 patients were enrolled and
grouped into two, with 100 in each group [Table/Fig-1]. Patients were
randomised into group A and group B with the help of computer-
generated randomisation in opaque sealed envelopes, prepared by
an independent paramedical nursing staff.

e Group-A (Test Group): 100 patients received oral ivabradine
(6 mg) one tablet was given an one hour before laryngoscopy
and intubation.

e Group-B (Control group): 100 patients received sugar coated
tablet (placebo), administered one hour before laryngoscopy
and intubation.

Total number of patients assessed
for eligibility n=210

Enrollment

Excluded (n=10)

Did not meet inclusion criteria (n-=4)

Did not consent ( n=4)

Developed bradycardia (n=2)

Randomised and included in study
(n=200)

l Allocation l

Group B (n=100)

Group A (n=100)

Placebo

: l
‘ Follow-Up

Ivabradine

Lost to follow-up( n=0)

Lost to follow-up( n=0) |
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the surgery, patients were reversed with i.v. neostigmine (0.05 mg/kg)
and i.v. glycopyrrolate (0.04 mg/kg) followed by extubation.

Haemodynamic parameters (heart rate, systolic blood pressure,
diastolic blood pressure, mean arterial pressure, Oxygen saturation
(S5p0,) and End-Tidal Carbon Dioxide (ETCO,) were recorded at
specific intervals as follows:

1. Preoperatively i.e. after premedication (for baseline values).

2. At the time of induction/intubation, 1 minute after, 3, 5, 8, and
10 minutes after intubation.

3. Atthetime of extubation, 1 minute after, 3, 5, 8, and 10 minutes
after extubation.

All the patients were followed in postoperative period for four hours
to check for any adverse effects of oral ivabradine.

STATISTICAL ANALYSIS

Statistics analysis was done using SPSS software version 21.0.
Comparison of means between two groups was done using Student
t-test or Modified t-test. Else, non parametric data was analysed by
Mann Whitney test and categorical data was analysed by Chi-square
test. Descriptive statistics was presented in form of numbers and
percentages. The p-value <0.05 was taken as statistically significant.

RESULTS

The test and control groups were comparable regarding age, gender,
weight, ASA grading, duration of surgery and time of medication,
and intubation [Table/Fig-2]. SpO, and EtCO, were comparable in
both groups. There were two patients in test group who developed
bradycardia and were excluded from the studly.

l l Parameters Group A Group B p-value
Age (in years) 47.23+16.6 44.08+17.35 0.20
Analysed( n=100) - Analysed ( n=100)

Analysis Gender (Male/Female) 73:27 69:31 0.53
[Table/Fig-1]: CONSORT diagram. Weight (kg) 65.71+7.7 64.97+5.87 0.65
. o ) . ASA grading (I:1l) 70:30 65:35 0.45

Inclusion criteria: Patients in the age group of 20-50 years, -
Duration of surgery 101.90+48.5 99.7+40.1 0.80

undergoing surgeries in GA, ASA grade | and grade Il, comprising
both sexes were included.

Exclusion criteria: Patients who refused to give consent for this
study, with baseline heart rate <60 beats per minute and SBP
<100 mmHg, with abnormal electrocardiogram finding, with history
of angina, chest pain, palpitations or syncope, with history of any
visual disturbances, with liver and kidney dysfunction. Patients
who already taking calcium channel blockers, azole antifungals,
antiretroviral drugs and macrolide antibiotics and also pregnant
and lactating mother were also excluded. Patients with difficult
intubation that took more than 20 seconds were also excluded from
this study.

Study Procedure

The premedication, induction agent and muscle relaxant were given
as per the hospital protocols and following standard fasting guideline.
A 18G intravenous cannula taken and intravenous crystalloid 10 mL/
kg was started. All ASA basic standard monitoring were applied.
Premedication with glycopyrrolate 0.2 mg, inj. midazolam 1 mg i.v.
and ondansetron 4 mg were given slowly intravenously before
induction. Inj. fentanyl 2 mcg/kg was given for analgesia. All patients
were preoxygenated with 100% oxygen for 3 minutes. The patient
was induced by injection propofol (2 mg/kg body weight). Intubation
was done by using intravenous succinylcholine chloride 2 mg/kg
after 60 minutes in ivabradine group-A and placebo in group-B.
Trachea was intubated with portex endotracheal cuffed tube and the
time taken for intubation did not exceed 20 seconds. Anaesthesia
was maintained with atracurium besaylate 0.5 mg/kg top-up doses;
with combination of O,+N,O and inhalational agent. At the end of
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[Table/Fig-2]: Demographic data.

The mean heart rate in both groups were comparable at baseline,
while during intubation and extubation it was significantly less in
group A [Table/Fig-3].

Heart rate Group A (Mean+SD) Group B (MeanxSD) p-value
Baseline 88.44+3.37 90.86+13.7 0.07
During intubation 91.08+5.43 104.46+10.2 <0.05
1 min 96.32+3.67 102.88+9.19 <0.05
3 min 93.45+3.05 107.17+9.26 <0.05
5min 89.78+3.68 109.12+9.56 <0.05
8 min 84.91+4.06 111.16+9.49 <0.05
10 min 84.36+4.11 114.19+12.4 <0.05
At extubation 95.65+5.09 127.37+11.7 <0.05
1 min 94.08+4.18 117.39+11.8 <0.05
3 min 91.96+3.17 111.81+12.0 <0.05
5 min 89.26+2.75 110.91+£10.8 <0.05
8 min 85.30+2.80 115.24+9.45 <0.05
10 min 84.13+2.06 110.568+8.92 <0.05

[Table/Fig-3]: Comparison of mean changes in heart rate between the two groups

during the procedure.
The p-value <0.05 was taken as statistically significant

Mean SBP in both groups were comparable at baseline. At
intubation, postintubation period till 10 minutes, at extubation and
postintubation till 10 minutes, mean SBP was significantly less in
group A as compared to B [Table/Fig-4].
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[Table/Fig-4]: During intubation comparison of mean changes in systolic blood

pressure between the two groups during the procedure.

Mean DBP in test and control group were comparable at baseline.
At intubation, postintubation period till 10 minutes, at extubation
and postintubation till 10 minutes, mean DBP was significantly less
in group A as compared to B [Table/Fig-5].
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[Table/Fig-5]: Comparison of mean changes in diastolic blood pressure between

the two groups during the procedure.

Mean arterial pressure in test and control group were comparable at
baseline, while during intubation and extubation it was significantly
less in group A [Table/Fig-6].

Mean arterial pressure | Group A (Mean+SD) | Group B (Mean+SD) | p-value
Baseline 97.12+6.38 98.98+18.1 0.34
During intubation 93.26+6.53 106.65+13.5 <0.05
1 min 93.56+6.49 115.58+11.3 <0.05
3 min 94.70+6.51 118.81+12.8 <0.05
5 min 91.82+6.48 121.26+12.2 <0.05
8 min 91.05+6.57 122.82+12.1 <0.05
10 min 91.32+6.71 124.40+12.8 <0.05
At extubation 110.51+6.74 142.47+12.4 <0.05
1 min 110.05+6.47 136.32+12.7 <0.05
3 min 106.98+6.49 132.58+14.3 <0.05
5 min 106.81+6.42 127.31+12.7 <0.05
8 min 101.77+6.53 125.47+11.2 <0.05
10 min 97.88+6.47 122.06+9.77 <0.05

[Table/Fig-6]: Comparison of mean arterial blood pressure (MAP) between the

two groups during the procedure.

There were no major side-effects of oral ivabradine but two patients
had developed bradycardia and were managed adequately.

DISCUSSION

Cardiac and haemodynamic changes were first reported by Reid
and Brace in 1940 during laryngoscopy and endotracheal intubation
with conventionally used anaesthetic techniques. The sympathetic
reflex including increase in heart rate and blood pressure in
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anaesthetised patients were usually peak after 30-45 seconds of
laryngoscope and intubation. These transient changes may be
serious and life threatening in patients with cardiovascular and
cerebral disorder [2].

lvabradine was approved by the European Medicines Agency
in 2005 and by the United States Food and Drug Administration
in 2005 [8]. However, ivabradine is indicated for symptomatic
treatment of chronic stable angina pectoris with normal sinus rhythm
in patients who can not take beta blocker and also it’s being used
off label in the treatment of inappropriate sinus tachycardia [9]. Initial
oral ivabradine doses of 2.5 mg twice a day started and maximum
up to 7.5 mg daily is acceptable. However, in several randomised
controlled trials, ivabradine can administered 5-10 mg twice daily
[10]. lvabradine reduce heart rate in patients who have HR >70 bpm
and also incidence of coronary artery disease [11].

Surgery was not allowed to start till period of 10 minutes after
intubation for the recording of baseline haemodynamic parameters.
In the present study, after intubation all haemodynamic parameters
of mean heart rate, SBP, DBP and MAP till period of 10 minutes
were significantly less in oral ivabradine group as compared to
the placebo group. Also, theses changes in haemodynamic
parameters after extubation till period of 10 minutes were found
to be significantly less in oral ivabradine group as compared to
control group (p-value <0.005).

lbrahim AN and Atallah RY observed that the haemodynamic
parameters (heart rate, SBP, DBP and MAP) had mild changes
after intubation and extubation compared to propranol group, in
microlaryngoscopic surgeries [12]. A similar study by Mohamed
MAL et al., concluded that both premedication with oral propranol
(10 mg) and oral ivabradine (5 mg) in the evening before the day of
surgery another 5 mg tablet one hour before anaesthesia induction
was safe and effective in reducing reflex tachycardia that occurs
during controlled nitroglycerine induced hypotensive anaesthesia in
Functional Endoscopic Sinus Surgery (FESS). However, ivabradine
compared to propranol was more effective with high safety margin
in patients [13].

Kunwer R et al., also found that haemodynamic parameters during
intubation and after 10 minutes of intubation were significantly lower
in oral ivabradine group as compared to placebo group [14]. Similar
to this study, haemodynamic parameters at extubation till period of
10 minutes also were stable compared to placebo group.

Similarly, Raghuram CG et al., found that oral ivabradine have
reduced reflex tachycardia and haemodynamic parameters [15].
The authors compared the efficacy of oral ivabradine 5 mg at
6 p.m. on evening before the day of surgery and another 5 mg
tablet one hour before intubation versus a placebo group. It was
concluded that ivabradine is an excellent drug for preventing both
increase in heart rate and, to a lesser extent blood pressure. Similar
to this study, haemodynamic parameters at extubation till period of
10 minutes also were stable compared to placebo group. The fact
of oral ivabradine have larger safety margin in view of reduced the
heart rate without affecting haemodynamic instability [16].

The study concluded that ivabradine is simple, safe, cheap (Rs. 21.1
per tablet) and easy to use drug that gives adequate and satisfactory
haemodynamic stability during induction, laryngoscopy, intubation
and perioperative period. It also minimises the extent of high blood
pressure seen during laryngoscopy and endotracheal intubation
and help in return of blood pressure to the baseline values within a
shorter period (around 3 min after endotracheal intubation) [17].

Limitation(s)

Compromised myocardium condition, clinically significant hypotension
and bradycardia, uncontrolled diabetic mellitus, sick sinus syndrome,
severe hepatic impairment, pacemaker dependency patients were
not taken in this study.
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CONCLUSION(S) 71
It is concluded that ivabradine is an useful drug to prevent abnormal
rise in heart rate during laryngoscopy and intubation. It's stabilising
effect of haemodynamic also extends up to extubation and immediate
postoperative period. This study has shown no serious side-effects.

(8]
[9]

[10]
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