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Abstract
Background: Esmolol is a cardioselective β-adrenergic antagonist that is used 
during general anaesthesia to blunt the sympathetic reflex tachycardia and hyper-
tension. The aim of the study was to investigate whether the potential beneficial and 
adverse effects of esmolol differ depending on the patient age.
Methods: A total of 50 ASA I/II patients scheduled for elective upper abdominal sur-
gery were divided in two groups: younger (patients aged up to 35 years) and older 
(patients older than 65). After premedication with diazepam, they were infused with 
esmolol during the first 5 min at a rate of 0.3 mg/kg/min and 0.1 mg/kg/min there-
after. Anaesthesia was induced with thiopental sodium 3-5 mg/kg intravenously (iv) 
and fentanyl 1.5 µg/kg iv. Tracheal intubation was facilitated with suxamethonium 
1-2 mg/kg iv. Long-term neuromuscular blockade was induced with pancuronium 
bromide 0.07 mg/kg iv bolus and maintained with incremental iv boluses of 0.01 mg/
kg. Inhalational anaesthesia was maintained with a mixture of oxygen and nitrous 
oxide (O2/N2O) 2 : 1.
Results: The systolic blood pressure remained constant during the intubation phase 
in the group of older patients, at the same time being around 89 % of the pre-induc-
tion values, while in younger patients it rose up to 100 %. During the same phase of 
anaesthesia, the diastolic blood pressure in older patients remained at about 91 %, 
while in younger patients it rose up to 107 % of the pre-induction values. The con-
sumption of drugs and the speed and quality of the recovery from anaesthesia did not 
differ between the two groups of patients.
Conclusion: Infusion of esmolol contributes to the concept of general balanced an-
aesthesia in elective patients scheduled for upper abdominal surgery equally in 
younger and older patients. 
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Introduction

Esmolol – methyl 3-{4-[2-hydroxy-3-(isopropyl-
amino)propoxy]phenyl}propionate hydrochloride 
- is a selective, hydrosoluble β1-adrenergic recep-
tor blocker described first in 1982 by Zereslinski 
et al.1 It has a unique pharmacokinetics, since it is 
rapidly hydrolysed, which results in elimination 

half-time between 9 and 10 min.2, 3 It was demon-
strated that the esterase responsible for such a 
rapid hydrolysis of esmolol is located in the cyto-
sol of human erythrocytes.4 These properties of 
esmolol make it easily titratable, which enables a 
perfect control of the degree of β-blockade, in con-
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trast to the undesirable effects of the intravenous 
(iv) preparations of propranolol and metoprolol.5

Esmolol has a 34-fold higher affinity for β1- in 
comparison with β2-adrenoceptors.6 For this rea-
son, it was first approved for treatment of supra-
ventricular tachyarrhythmias.7 Later adopted in-
dications include: hypertension and tachycardia 
following tracheal intubation and other critical 
phases of anaesthesia and operation in non-cardi-
ac8, 9, 10 and cardiac surgery,11, 12 but also in non-sur-
gical indications, such as electroconvulsive thera-
py,13 thyrotoxic storm14-17 and treatment of septic 
patients.18-20

It is now well-stablished that esmolol alleviates 
a reflex hypertension and tachycardia that occur 
due to extremely painful stimuli that accompany 
some critical phases of anaesthesia and opera-
tion, contributing thus to the concept of general 
balanced anaesthesia.21, 22 At the same time, blood 
pressure in humans increases in a linear manner 
with age,23, 24 as well as the prevalence of brady-
cardia.25 Given the mechanism of action of esmo-
lol, the question arises whether the efficacy and 
safety of esmolol infusions during the periopera-
tive period can bring different beneficial and ad-
verse effects in older patients, in comparison with 
the younger ones. This was the aim of the present 
study. 

A total of 50 patients scheduled for upper abdom-
inal elective surgery at the Military Medical Acad-
emy was enrolled in this clinical trial. It was ap-
proved by the local Ethics Committee. They had to 
be ≥ 18 of age and without any significant cardio-
vascular and metabolic morbidities (acute coro-
nary disease, past myocardial infarction, transient 
ischaemic attack or stroke, diabetes) and of ASA 
I or II grade. Patients older than 35 but younger 
than 65 were excluded. In this way, two groups 
were formed – the younger (N = 26) and the older 
patient group (N = 24).

All patients received prior to induction of anaes-
thesia an iv infusion of esmolol in glucose solution 
5 %, during the first 5 min at a rate of 0.3 mg/kg/
min and 0.1 mg/kg/min thereafter. This main-
tenance infusion rate was selected based on the 

notion that hypotension rarely occurred when 
the esmolol infusion rate was below 0.15 mg/kg/
min.26

All patients received the same type of anaesthe-
sia. Premedication consisted of diazepam 10 mg 
intramuscularly (im), administered 30-45 min be-
fore anaesthesia. Anaesthesia was induced with 
thiopental sodium 3-5 mg/kg iv and fentanyl 1.5 
µg/kg iv. Tracheal intubation was facilitated with 
suxamethonium 1-2 mg/kg iv. Long-term neuro-
muscular blockade was induced by pancuronium 
bromide 0.07 mg/kg iv bolus, while the desirable 
level of neuromuscular relaxation was maintained 
by its incremental iv boluses of 0.01 mg/kg. Inha-
lational anaesthesia was maintained with a mix-
ture of oxygen and nitrous oxide (O2/N2O) = 2 : 1.

Episodes of increase of systolic and diastolic 
blood pressure and heart rate by more than 20 
% of its pre-induction values were treated with iv 
boluses of fentanyl 1.5 µg/kg alone or in combina-
tion with droperidol 1:50 (Thalamonal®). In case 
of unfavourable response, isoflurane 0.5 % was 
added as an inhalation. Upon completion of the 
operation, atropine 0.5 mg iv was injected and the 
residual neuromuscular block was antagonised 
with neostigmine 1.5 mg iv. The same dose of at-
ropine was used as an iv bolus during the opera-
tion in case of bradycardia, which was defined as 
a decrease of heart rate below 60/min or by more 
than 20 % of the pre-induction values.25

Registration of all major cardiovascular param-
eters – systolic and diastolic blood pressure and 
heart rate was performed in critical phases of 
anaesthesia and intubation: (1) before the induc-
tion (baseline), (2) induction to anaesthesia, (3) 
tracheal intubation, (4) first skin incision, (5) sur-
gical manipulation with organs, (6) suture of the 
surgical wound and (7) tracheal extubation. Be-
sides, total consumption of fentanyl, droperidol, 
atropine, pancuronium and isoflurane was reg-
istered. Quality of the post-anaesthesia recovery 
was based on the registration of times needed to 
regain ability to comply with simple commands 
(eg, eye opening), to open eyes spontaneously and 
until regaining full orientation. Adverse effects 
were registered and scored: 1 – mild, 2 – moderate 
and 3 – strong. Overall assessment of the quality 
of anaesthesia was performed by the experienced 
anaesthesiologist, by using the scale: 1 – poor, 2 – 
good and 3 – excellent.

Statistical analysis was performed by using para-
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Based on Table 1, it is obvious that other the age 
difference – the younger patient group was on 
average 2.36 times younger than the older group 
– there were no demographic criteria that made 
these two groups different from one another. How-
ever, as a direct consequence of this age difference, 
the pre-induction values of all three cardiovascu-
lar parameters differed significantly. Systolic and 
diastolic blood pressure were by 25 % and 19 % 
higher, while the heart rate was by 14 % lower in 
elderly patients.
Table 1: Demographic data and preinduction values of the car-
diovascular parameters in younger and elderly patients sched-
uled to receive esmolol during the operation under the general 
balanced anaesthesia

*Younger patients: patients 18-35 years of age, N = 26; Older patients: patients 
older than 65, N = 24; ns - not significant;

Parameter 
(unit)

Younger patients 
(x ± SE)

Older patients 
(x ± SE)

Statistical
significance

Age (years)
Body weight (kg)
Gender: male/female
Systolic blood pressure
Diastolic blood pressure
Heart rate`

29.23 ± 78.46
78.46 ± 3.80

12 vs 1
135.54 ± 6.52
84.08 ± 13.02
107.31 ± 11.55

68.85 ± 1.24
74.69 ± 2.70

9 vs 4
168.85 ± 7.30
100.39 ± 3.32
92.15 ± 4.47

p < 0.01
ns
ns

p < 0.01
p < 0.05
p < 0.01

Figure 1: Systolic blood pressure in various phases of anaesthe-
sia and operation in patients infused with esmolol

Figure 2: Diastolic blood pressure in various phases of anaes-
thesia and operation in patients infused with esmolol

Figure 3: Heart rate in various phases of anaesthesia and oper-
ation in patients infused with esmolol

%: Values are expressed as percentages of pre-induction values; Younger pa-
tients: patients 18-35 years of age, N = 26; Older patients: patients older than 
65, N = 24; *: statistical significance;

%: Values are expressed as percentages of pre-induction values; Younger pa-
tients: patients 18-35 years of age, N = 26; Older patients: patients older than 
65, N = 24; *: statistical significance;

%: Values are expressed as percentages of pre-induction values; Younger pa-
tients: patients 18-35 years of age, N = 26; Older patients: patients older than 
65, N = 24; *: statistical significance;
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metric or non/parametric tests, depending on the 
nature of the parameters observed and the nor-
mality of their distribution. IBM SPSS 18.0 soft-
ware was used for these analyses. 

Figures 1, 2 and 3 show changes in basic cardio-
vascular parameters in all the critical phases of 
anaesthesia and surgery. It is obvious that esmo-
lol in both groups assured good control of cardio-
vascular parameters, but also that there were 
some differences between the groups.

The systolic blood pressure remained constant 
during the intubation phase in the group of old-
er patients, at the same time being around 89 % 
of the pre-induction values, while in younger pa-
tients it rose up to 100 % (Figure 1). During the 
same phase of anaesthesia, the diastolic blood 
pressure in older patients remained at about 91 
%, while in younger patients it rose up to 107 % of 
the pre-induction values. The same phenomenon 
occurred also during the phases of the first skin 
incision and surgical manipulations with organs 
(Figure 2). It is interesting though that among the 
two age groups there were no statistically signif-
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icant differences between the values of heart rate 
during the critical phases of anaesthesia and op-
eration (Figure 3).

At the same time, the consumption of anaesthetic 
drugs fentanyl, droperidol, atropine and isoflu-
rane was similar in both groups (Table 2).

Table 4: Frequency of adverse effects in younger and older pa-
tients scheduled to receive esmolol during the operation under 
the general balanced anaesthesia

Younger patients: patients 18-35 years of age, N = 26; Older patients: patients 
older than 65, N = 24; ns: not significant;

Adverse effect
Younger patients 

Number (%)
Older patients 
Number (%)

Statistical
significance

Ventricular extrasystoles
Tachycardia
Bradycardia
Hypotension
Skin rash
Total

2 (7.69)
1 (3.85)

0
1 (3.85)
1 (3.85)
5 (19.23)

2 (8.33)
0

2 (8.33)
2 (8.33)

0
6 (25)

ns
ns
ns
ns
ns
ns

Table 3: Effect of esmolol on speed and quality of postoperative 
recovery in younger and elderly patients scheduled to receive 
esmolol during the operation under the general balanced an-
aesthesia

Younger patients: patients 18-35 years of age, N = 26; Older patients: patients 
older than 65, N = 24; ns - not significant; Scale: 1 - poor, 2 - good, 3 - excellent;

Parameter 
(unit)

Younger patients 
(x ± SE)

Older patients 
(x ± 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*

108.54 ± 8.97

2.94 ± 0.44

5.23 ± 0.49

8.44 ± 0.95

96.15

2.70 ± 0.13

120.54 ± 11.34

3.02 ± 0.12

6.20 ± 0.55

9.00 ± 1.20

87.50

2.22 ± 0.11

ns

ns

ns

ns

ns

ns

Table 2: Consumption of medicines in younger and elderly pa-
tients scheduled to receive esmolol during the operation under 
the general balanced anaesthesia

Younger patients: patients 18-35 years of age, N = 26; Older patients: patients 
older than 65, N = 24; ns - not significant;

Drug (unit)
Younger patients 

(x ± SE)
Older patients 

(x ± SE)
Statistical

significance

Fentanyl (mg)
Droperidol (mg)
Atropine (mg)
Pancuronium (mg)
Isoflurane (% of patients)

0.38 ± 0.88
6.11 ± 1.48
1.02 ± 0.09
5.98 ± 0.44

15.39

0.30 ± 0.66
5.15 ± 1.93
0.91 ± 0.07
5.22 ± 0.34

12.50

ns
ns
ns
ns
ns

Moreover, as seen in Table 3, no significant dif-
ference between the younger and older group of 
patients could be found regarding the speed of 
their recovery, possibilities for early extubation 
or in the subjective anaesthesiological assess-
ment of the quality of anaesthesia in general.

Frequency of adverse effects in younger and older 
patients is shown in Table 4. Although there was 
a tendency toward more frequent occurrence of 
bradycardia and hypotension in the group of old-
er patient, neither of these differences were sig-
nificant.

This clinical study has shown that there were no 
major differences in the change of cardiovascular 
parameters, consumption of drugs nor in the qual-
ity of the recovery from the balanced endotracheal 
anaesthesia in elective upper abdominal surgery 
patients infused with esmolol between the groups 
of younger and older patients. Since the baseline 
values of cardiovascular parameters were differ-
ent – higher blood pressure and lower heart rate 
in older than in younger patients – these changes 
were expressed as percentages of the pre-induc-
tion values and not in absolute units.

Stability of cardiovascular function is one of the 
main goals in the concept of general balanced an-
aesthesia.27, 28 This is why esmolol was viewed as 
an additional component within thus concept – a 
so-called ’soft’ β-blocker for administration as an 
iv bolus or iv infusion with a rapid kinetics that 
allows for its titration to the needs of a specific 
patient and the particular phase of anaesthesia 
and operation.29-31 The contribution of esmolol to 
the concept consists in the decrease in the doses 
of or the need for administration of intravenous 
anaesthetics,32 inhalation anaesthetics,32, 33 opioid 
analgesics34 and even neuromuscular relaxants.35

There are no available publications on the differ-
ences in potential beneficial and adverse effects 
of esmolol regarding the age of the patients. What 
could be expected is that esmolol induces a sharp-
er decrease of the already higher values of systolic 
and diastolic blood pressure and especially in the 
heart rate in the group of older patients, as com-
pared to the younger ones. Besides, it was to be 
expected that esmolol is less efficient in coping 
with the increases in blood pressure in the old-
er group, but neither of these happened, nor this 
group required higher doses of fentanyl or atro-
pine to treat the episodes of bradycardia.

There are only two studies that focused on the 
desired and unwanted effects of esmolol in older 
patients, but neither of them included for compar-
ison a group of younger patients. In a randomised 
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Conclusion

Infusion of esmolol contributes to the concept 
of general balanced anaesthesia in elective pa-
tients scheduled for upper abdominal surgery 
equally in younger (aged 18-35) and older pa-
tients (aged 65 or more). In both groups, esmo-
lol assured perioperative cardiovascular sta-
bility, good recovery after anaesthesia and 
favourable profile of adverse effects. 
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