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Abstract
Background / Aim: In surgery, and especially in the neurosurgical operations, 
maintenance of cardiovascular stability during and in the phase of the immedi-
ate postoperative recovery is of vital importance. The aim of this study was to 
investigate the effects of continuous esmolol infusion on the values of cardiovas-
cular parameters and quality of the emergence from anaesthesia in neurosurgi-
cal patients.
Methods: A total of 40 patients of both sexes scheduled for elective supratento-
rial surgery were randomly assigned to two groups. Esmolol group received in-
travenous (iv) infusion of esmolol dissolved in 5 % glucose solution (during the 
first 5 min at a rate of 0.3 mg/kg/min and thereafter at a rate of 0.1 mg/kg/min), 
while the ones from the control group received a 5 % glucose solution without 
esmolol at the same volume and rate. Cardiovascular parameters were regis-
tered at critical phases of anaesthesia and operation (induction, intubation, 
placement of Mayfield frame, craniotomy, skull closure, extubation). Recovery 
after anaesthesia was assessed based on times of eye opening on command, 
spontaneous eye opening and regaining of full orientation.
Results: Values of systolic blood pressure and heart rate were significantly low-
er in the esmolol than in the control group of patients. Although the durations of 
anaesthesia did not differ, patients from the esmolol group required significant-
ly less opioids and isoflurane and recovered after the anaesthesia significantly 
faster than the patients in the control group.
Conclusion: Ultrashort-acting beta-adrenergic receptor antagonist esmolol, ad-
ministered as a continuous iv infusion, assures better cardiovascular stability 
and smoother emergence from the balanced inhalation general anaesthesia than 
the control glucose infusion in elective neurosurgical patients. 
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Introduction

Surgical trauma activates numerous neurohumor-
al mechanisms, including increased secretion of 
catecholamines, followed by hypertension and 
tachycardia.1 Modern anaesthetic techniques tend 
to use a combination of various drugs with the 
aim to prevent or at least alleviate such reflexes. 
Usually, this combination includes premedication 

with benzodiazepines, intubation under the use of 
short-acting neuromuscular relaxants, induction 
to anaesthesia with barbiturates, maintenance 
inhalation and/or intravenous anaesthetics, opi-
oid analgesics, use of competitive neuromuscular 
blockers and, at the end, of atropine and neostig-
mine for the decurarisation purposes.2
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Methods

A total of 40 American Society of Anesthesiologists 
(ASA) I or II category patients aged 18-80 years 
and scheduled for elective supratentorial surgery 
were enrolled in this clinical study, after signing 
an informed consent. The study had previously 
been approved by the local ethics committee. Pa-
tients were randomly assigned to two groups by 
using the block randomisation.

All of them were subjected to standard premed-
ication and general anaesthesia technique. The 
only difference was in the fact that the patients 
from the esmolol group received intravenous (iv) 
infusion of esmolol dissolved in 5 % glucose solu-
tion (during the first 5 min at a rate of 0.3 mg/kg/
min and thereafter at a rate of 0.1 mg/kg/min), 
while the ones from the control group received a 
5 % glucose solution without esmolol at the same 
volume and rate.

Esmolol, as a rapid-acting and titratable beta-ad-
renergic receptor antagonist, turned out to be 
an important addition to this concept of general 
balanced anaesthesia.3 Its was used to treat the 
episodes of hypertension and tachycardia, first in 
cardiac surgery4, 5 and thereafter in all other sim-
ilar indications,6, 7 including the electroconvulsive 
therapy.8

There are some critical phases of anaesthesia and 
operation where a proper cardiovascular con-
trol is needed. In neurosurgery specifically, these 
moments include induction, tracheal intubation, 
placement of the Mayfield frame, craniotomy, 
skull closure, skin suture and extubation.9, 10 Fast-
track emergence from neuro-anaesthesia in order 
to early detect the possible neurological sequelae 
is usually accompanied by the increased sympa-
thetic activity, hypertension, tachycardia and in-
creased cerebral perfusion pressure, which all put 
patients at risk for the development of the postop-
erative haemorrhage and cerebral haematoma.11

For these reasons, the aim of this study was to as-
certain the effects of the continuous esmolol infu-
sion on the cardiovascular parameters and other 
indicators of the quality of anaesthesia in patients 
scheduled for elective supratentorial surgery.

Esmolol 5 g was dissolved in a bottle containing 
500 mL of 5 % glucose solution, yielding the fi-
nal concentration of 10 mg/mL. The speed of the 
iv infusion in both groups was 0.03 mL/kg/min 
during the first 5 min and 0.01 mL/kg/min there-
after. The speed of the maintenance iv infusion of 
esmolol was set at 0.1 mg/kg/min, since it had 
been earlier revealed that hypertension rarely oc-
curs at the infusion rates below 0.15 mg/kg/min12 
and because it had been ascertained in a sepa-
rate dose-finding clinical study that the esmolol 
infusion rate that did not affect the baseline car-
diovascular parameters by more than 10 % was 
0.118 mg/kg/min.13

Premedication technique in all the patients con-
sisted of diazepam 10 mg intramuscularly (im) 
30-45 min before induction into anaesthesia with 
thiopentone 3-5 mg/kg iv and fentanyl 1.5 µg/kg. 
Tracheal intubation was facilitated with suxame-
thonium 1-2 mg/kg iv. Long-lasting neuromuscu-
lar blockade was maintained with pancuronium 
bromide 0.07 mg/kg iv. In case of need, incremen-
tal iv boluses of pancuronium bromide 0.01 mg/
kg were administered. Nitrous oxide and oxygen 
(2:1) were used by inhalation for anaesthesia 
maintenance. At the end of operation, atropine 
0.5 mg and neostigmine 1.5 mg were used for the 
neutralisation of the neuromuscular block.

An increase in systolic blood pressure or heart 
rate by more than 20 % of the pre-induction val-
ues was treated with an iv bolus of fentanyl 1.5 
µg/kg alone, or with droperidol at the ratio 1:50 
(in a form of Thalamonal®). In case that a bolus of 
fentanyl or Thalamonal® would not be sufficient 
to treat an episode of hypertension or tachycar-
dia, isoflurane 0.5 % was added into the inhala-
tion mixture. An iv bolus of atropine 0.5 mg was 
injected to treat episodes of bradycardia, defined 
as decrease in heart rate by more than 20 % of the 
pre-induction values.

Quality of anaesthesia was estimated by the at-
tending anaesthesiologist by using the following 
scale: 1 – bad, 2 – good and 3 – excellent.

Parametric tests – Student t test and ANOVA – and 
non-parametric test Chi-square were used for sta-
tistical analysis. For these purposes the Statistical 
Package for Social Sciences (SPSS) version 18.0 
was utilised.
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Results

The two studied groups of patients were equal 
(20 patients each) and not significantly different 
from each other regarding their demographic 
characteristics and mean pre-induction values of 
cardiovascular parameters (Table 1).n a form of 
Thalamonal).

Table 1: Demographic data and preinduction values of the car-
diovascular parameters in control patients (n = 20) and pa-
tients infused with esmolol (n = 20) during the neurosurgical 
operations under the general balanced anaesthesia

Parameter (unit) Control
(mean ± SE)

Esmolol
(mean ± SE)

Statistical
significance

Age (years)

Body mass (kg)

Gender: Male/Female

Systolic blood pressure

Diastolic blood pressure

Heart rate

49.58 ± 3.62

81.17 ± 3.55

12 vs 8

142.08 ± 5.42

92.50 ± 1.90

85.50 ± 2.55

46.75 ± 5.12

76.83 ± 3.20

12 vs 8

153.92 ± 9.12

89.42 ± 3.00

92.15 ± 4.47

ns

ns

ns

ns

ns

ns

SE - standard error of the mean; ns - not significant
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Figure 1: Systolic blood pressure in various phases of anaesthe-
sia and operation in control patients (n = 20) and patients in-
fused with esmolol (n = 20) during the neurosurgical operations 
under the general balanced anaesthesia*
*Values are expressed as percentages of pre-induction values 
(mean ± standard error of the mean)
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Figure 2: Diastolic blood pressure in various phases of anaes-
thesia and operation in control patients (n = 20) and patients in-
fused with esmolol (n = 20) during the neurosurgical operations 
under the general balanced anaesthesia*
*Values are expressed as percentages of pre-induction values (mean ± stan-
dard error of the mean)
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Figure 3: Heart rate in various phases of anaesthesia and op-
eration in control patients (n = 20) and patients infused with 
esmolol (n = 20) during the neurosurgical operations under the 
general balanced anaesthesia*
*Values are expressed as percentages of pre-induction values (mean ± stan-
dard error of the mean)

Values of cardiovascular parameters - systol-
ic blood pressure, diastolic blood pressure and 
heart rate – in critical phases of anaesthesia and 
operation are shown in Figures 1, 2 and 3, respec-
tively.

It is obvious from the Figure 1 that in all the criti-
cal phases of anaesthesia and operation, with the 
exception of the intubation phase, esmolol group 
of patients had significantly lower values than 
the patients from the control group.

There were no significant differences between 
the values of the diastolic pressure between the 
control and esmolol group of patients (Figure 2).

Regarding the heart rate, it was obvious that pa-
tients from the esmolol group had not only sig-
nificantly lower values than the control patients 
throughout the anaesthesia and operation, but 
also had very stable heart rate values in all the 
critical phases (Figure 3).

Table 2: Consumption of medicines in control patients (n = 20) 
and patients infused with esmolol (n = 20) during the neurosur-
gical operations under the general balanced anaesthesia

Drug (unit) Control
(mean ± SE)

Esmolol
(mean ± SE)

Statistical
significance

Fentanyl (mg)

Droperidol (mg)

Atropine (mg)

Pancuronium (mg)

Isoflurane
(% of patients)

1.30 ± 0.14

23.13 ± 2.99

1.08 ± 0.08

16.50 ± 1.67

50.00

0.49 ± 0.09

7.08 ± 1.34

0.92 ± 0.08

11.00 ± 1.18

10.00

p < 0.01

p < 0.01

ns

p < 0.05

p < 0.05

SE - standard error of the mean; ns - not significant

All the medicaments, including fentanyl and iso-
flurane, were used in significantly larger quanti-
ties in patients from the control group, in com-
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Discussion

The results of this study show that the continuous 
esmolol infusion assured cardiovascular stabili-
ty enabling a decreased use of additional opioids 
and anaesthetics, which in turn resulted in better 
post-anaesthesia recovery.

These results are in general agreement with the 
results of other clinical trials. Indeed, injection 
and/or iv infusion of esmolol alleviated increases 
in blood pressure and heart rate induced by tra-
cheal intubation9 and extubation in neurosurgical 
patients.10-17 Especially this effect at the end of the 
neurosurgical operation, after the extubation of 
trachea and in the immediate post-anaesthesia 
recovery period seems to be vitally important in 
neurosurgery, since esmolol blocks the beta1-ad-
renergic receptors and prevents the sympathetic 
overdrive-induced cerebral hyperaemia.11, 18-20

Table 3:  Effect of esmolol on speed and quality of postopera-
tive recovery in control patients (n = 20) and patients infused 
with esmolol (n = 20) during the neurosurgical operations un-
der the general balanced anaesthesia

Parameter (unit) Control
(mean ± SE)

Esmolol
(mean ± SE)

Statistical
significance

Duration of
anaesthesia (min)
Opening of eyes on 
command (min)
Spontaneous opening 
of eyes (min)
Full orientation (min)
Extubation possible
(% of patients)
Evaluation of quality
of anaesthesia

174.17 ± 16.62

16.33 ± 1.94

25.20 ± 3.09

29.83 ± 3.34

50.00

1.50 ± 0.15

170.00 + 18.64

4.40 ± 1.21

10.70 ± 2.70

16.00 ± 3.85

90.00

2.17 ± 0.17

ns

p < 0.01

p < 0.01

p < 0.05

p < 0.05

p < 0.01

SE - standard error of the mean; ns - not significant

parison with the patients treated with esmolol 
(Table 2). The only exception was use of atropine 
that did not differ between the groups.

Patients in the esmolol group had a tendency to 
recover from anaesthesia quicker than the pa-
tients from the control group (Table 3).

At the same time, the mean duration of operation 
in both groups was similar and yet extubation in 
the operation theatre was possible in almost all 
patients in the esmolol group, while this was the 
case in only half of the control patients.

Since opioid analgesics control painful stimuli 
and thus blunt the sympathetic nervous system 
reflexes, use of a beta-blocker like esmolol assures 
the similar outcome, however without additional 
doses of opioids or inhalation anaesthetics. The 
present study showed a significant opioid-spar-
ing effect of esmolol and so did some other clini-
cal trials.21-23 Various publications even report on 
the decreased need for the administration of in-
travenous and inhalation anaesthetics as a result 
of esmolol iv bolus or infusion.24, 25 In the present 
study similar result was obtained, since there was 
a significantly lower need for isoflurane addition 
in the esmolol group, as compared to the control 
group of patients.

Although similar effects of esmolol were obtained 
as regards to the systolic blood pressure and heart 
rate, its effect on the values of heart rate were 
more accentuated than the ones on the blood 
pressure, which is in accordance with the findings 
of Ornstein et al, who found that the half-time for 
the 14 %-decrease in heart rate was only 1.2 min, 
as compared to the half time of 17.8 min for the 
25 %-decrease in mean arterial blood pressure.26

Besides esmolol, some other agents were tried 
with the same aim to control reflex sympatho-
mimetic reactions resulting from laryngoscopy 
and intubation27 or from tracheal extubation.28 
It seems that esmolol should be preferred over 
nitroglycerin29 or lidocaine,30 while dexmedot-
imidine27 or nicardipine28 could be more efficient 
than esmolol.

Conclusion

Ultrashort-acting beta-adrenergic receptor an-
tagonist esmolol, administered as a continuous 
iv infusion, assures better cardiovascular sta-
bility and smoother emergence from the bal-
anced inhalation general anaesthesia than the 
control glucose infusion in elective neurosur-
gical patients. 
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