
Effects of Esmolol on the Prevention of Haemodynamic Responses 
to Tracheal Extubation after Craniotomy Operations
Kraniotomi Sonrası Trakeal Ekstübasyona Hemodinamik Yanıtın Önlenmesinde Esmololün Etkisi

Introduction

Extubation of the trachea should be devoid of significant changes in haemodynamic parameters and adverse events, such as straining 
at aspiration, coughing, breath holding, or laryngospasm. The receptors, particularly in the larynx, trachea and bronchi, are stim-
ulated by mechanical and chemical factors during extubation as in laryngoscopy and intubation (1, 2). Stimulation of the respi-

ratory tract at the supraglottic and subglottic levels produces respiratory and cardiovascular reflex responses (3, 4). During laryngoscopy, 
intubation, and extubation, the plasma concentrations of noradrenaline and adrenaline causing a significant increase in blood pressure 
and heart rate, which may result in severe and even life-threatening complications in patients with coronary heart disease, hypertension, 
and increased intracranial pressure (5-10). In order to control haemodynamic changes during tracheal intubation and extubation, local 
anaesthetics, opioids, beta-blocking agents, and calcium channel blockers have been used with varying success rates (11, 12).

Esmolol is a short-acting cardioselective beta-blocker (β1) agent, which is used to prevent or treat hypertension and tachycardia during 
intraoperative and postoperative periods and has been reported to decrease plasma catecholamine levels (13). It seems to be a proper 
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Objective: The aim of this study was to evaluate the effects of esmolol 
infusion on the prevention of haemodynamic responses to tracheal extuba-
tion in patients undergoing elective craniotomy.

Methods: With approval from the Medical School Ethics Committee at 
Marmara University and the patients’ written consent, 30 patients be-
tween 20-65 years of age undergoing elective craniotomy were randomly 
placed in either the Group Esmolol (n=15) or the Group Control (n=15). 
Anaesthesia was induced with 5-7 mg kg-1 thiopental sodium, 1 µg kg-1 
remifentanil, and 0.1 mg kg-1 vecuronium bromide iv, and was maintained 
with 1 MAC sevoflurane in oxygen-air mixture (50:50) and 0.25 μg kg-1 
min-1 remifentanil infusion. At the end of the operation, patients inhaled 
100% oxygen after the discontinuation of the anaesthetic agents. For 
Group Esmolol, 5 min before extubation 2 mg kg-1 esmolol in 50 mL was 
infused over 10 min (0.2 µg kg-1 min-1), while for Group Control, 50 mL 
saline was infused over 10 min. The quality of extubation was evaluated 
with a 5 point scale, recording heat rate, systolic, diastolic, and mean arte-
rial pressures before infusion, 1 min after infusion, during extubation, and 
at 1, 3, 5, and 10 min after extubation.

Results: In the esmolol group, systolic, diastolic, and mean arterial pres-
sures, as well as heart rate, decreased significantly after esmolol infusion 
and were significantly lower than in the control group after extubation 
(p<0.05). The ratio of patients with an extubation score of one was sig-
nificantly higher in the esmolol group than in the control group (p<0.05). 

Conclusion: We concluded that 2 mg kg-1 esmolol infusion before ex-
tubation can prevent hypertension and tachycardia caused by extubation 
in patients undergoing elective craniotomy.
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Amaç: Çalışmanın amacı; elektif kraniotomilerde ekstübasyondan önce 
uygulanan esmolol infüzyonunun hemodinamik yanıt üzerine etkilerinin 
araştırılmasıdır.

Yöntemler: Marmara Üniversitesi Tıp Fakültesi Etik Kurul onayı ve yazılı 
hasta onamları sonrası, elektif kraniyotomi ameliyatı geçirecek, 20-65 yaş 
arası 30 hasta, Esmolol Grubu (n=15) ve Kontrol Grubu (n=15) olmak 
üzere iki gruba ayrıldı. Anestezi indüksiyonu 5-7 mg kg-1 tiyopental sod-
yum, 0,1 mg kg-1 vekuronyum bromid ve 1 µg kg-1 remifentanil i.v. ile 
sağlandı. Endotrakeal entübasyon sonrasında anestezi, 1 MAK sevofluran 
ve %50 02 içinde %50 hava ve 0,25 µg kg-1 dk-1 remifentanil infüzyonu 
ile sürdürüldü. Ameliyat bitiminde anestetik ajan uygulamaları sonlandı-
rılarak, hastalara %100 oksijen solutuldu. Ekstübasyondan 5 dakika önce, 
uygulayıcı dışında bir anestezi doktoru tarafından hazırlanan 50 mL içinde 
2 mg kg-1 esmolol veya 50 mL %0,9 NaCl solüsyonu 10 dakikada uygu-
landı. Ekstübasyon kalitesi 5 puanlı skala ile değerlendirildi. Hastaların 
infüzyon öncesi, infüzyondan 1 dk sonra, ekstübasyon sırasında, ekstü-
basyondan 1, 3, 5, 10 dakika sonra kalp atım hızı, sistolik, diyastolik ve 
ortalama arter basıncı değerleri kaydedildi.

Bulgular: Esmolol grubunda sistolik, diyastolik, ortalama arter basıncı ve 
kalp atım hızı değerleri açısından ilaç enjeksiyonu öncesi ve sonrası ölçüm 
zamanları arasında belirgin azalma saptandı (p<0,05). İki grup verileri-
nin karşılaştırılmasında ise, sistolik, diyastolik, ortalama arter basıncı ve 
kalp atım hızı değerleri ekstübasyon sonrası ölçümlerde esmolol grubunda 
belirgin olarak düşük bulundu (p<0,05). Ekstübasyon skoru 1 olan has-
taların oranı esmolol grubunda belirgin olarak yüksek bulundu (p<0,05).

Sonuç: Kraniyotomi geçiren hastalarda ekstübasyon sırasında oluşabilecek 
hipertansiyon ve taşikardinin önlenmesinde, ekstübasyon öncesinde 2 mg 
kg-1 iv esmolol uygulamasının etkili olduğu kanısına varıldı.

Anahtar Kelimeler: Kraniyotomi, esmolol, ekstübasyon
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agent in preventing haemodynamic responses during intubation and 
extubation. In this study, our goal was to determine the effects of 
esmolol infusion on haemodynamic responses during endotracheal 
extubation in patients undergoing craniotomy operations.

Methods

Thirty patients, between 20-65 years of age and of American Society 
of Anesthesiologists (ASA) physical status class 1-2, scheduled for 
elective craniotomy were included in this prospective, randomised, 
and double-blind study after Institutional Ethics Committee ap-
proval (No: 09.2011.0033, Date: 03.03.2011) and written consent 
from the patients. The patients who had significant cardiac, pulmo-
nary, renal, hepatic, and neuropsychiatric disease, chronic alcohol 
or drug use, a family history of allergy to the drugs used, a heart 
rate below 50 beats min-1 or over 100 beats min-1, arterial blood 
pressure below 90/60 mmHg or over 180/100 mmHg, or were us-
ing β-blockers, sympathomimetic agents, calcium channel blockers, 
or monoamine oxidase inhibitors were excluded from the study. 
Patients were randomly divided into two groups, Group Esmolol 
(n=15) and Group Control (n=15).

For all patients, heart rate (HR), invasive systolic arterial pressure 
(SAP), diastolic arterial pressure (DAP), mean arterial pressure 
(MAP), peripheral oxygen saturation (SpO2), and end-tidal CO2 

pressure (ETCO2) were monitored. Anaesthesia was induced with 
5-7 mg kg-1 thiopental sodium, 1 μg kg-1 remifentanil, and 0.1 mg 
kg-1 vecuronium bromide iv, and after endotracheal intubation, 
it was maintained with 50% air in O2, 1 MAC sevoflurane, and 
remifentanil infusion at a rate of 0.25 μg kg-1 min-1. Controlled 
mechanical ventilation was adjusted to maintain ETCO2 pressure 
between 27-30 mmHg.

At the end of surgery, all anaesthetic agents were discontinued and 
the patients were ventilated with 100% oxygen. Neuromuscular block 
was antagonised with iv 0.03 mg kg-1 neostigmine and 0.01 mg kg-1 
atropine sulphate. As previously determined, the patients received 
either esmolol (Brevibloc premixed, 10 mg mL-1, Baxter Healthcare 
Corporation, USA) or saline infusions. The solutions were prepared 
and administered in a double-blind manner. For the patients in 
Group Esmolol, 5 min before extubation, 2 mg kg-1 esmolol diluted 
in 50 mL was infused over 10 min (0.2 µg kg-1 mi-1), and for those in 
Group Control, 50 mL 0.9% saline infused over 10 min. When spon-
taneous breathing began, the patients were extubated after aspiration 
of oropharyngeal secretions. The quality of extubation was assessed 
with a 5-point rating scale, where 1: no cough and normal breathing, 
2: mild cough, 3: moderate cough, 4: severe cough and difficulty in 
breathing, 5: laryngospasm with severe cough and forced breathing 
(14). After extubation, the patients inhaled 100% oxygen with an ox-
ygen mask for 5 min. Heart rate, SAP, DAP, and MAP were recorded 
1 min before infusion, at first min of infusion, during extubation, and 
at 1, 3, 5, and 10 min after extubation.

The following treatments were provided: 0.5 mg atropine sul-
phate was administered for bradycardia (HR <50 beat min-1), 5 mg 
ephedrine was administered for hypotension (systolic arterial pres-
sure <100 mmHg), and 0.02 mg nitroglycerine iv was given for hy-
pertension (systolic arterial pressure >180 mmHg).

Statistical analysis
Statistical analysis of the data was performed using Predictive Ana-
lytics SoftWare/Statistical Package for the Social Sciences (PASW/

SPSS) 19.0 package program. The categorical measurements were 
summarised as the number and percentage, continuous measure-
ments as the mean and standard deviation (if necessary as the me-
dian of the minimum-maximum). The distribution of the data was 
analysed by the Kologrov-Smirnov test. The T-test was used for the 
analysis of discrete data, and two-way ANOVA for the analysis of 
repeated measures. The chi-square and Fisher tests were used for 
proportional analysis. A p value <0.05 was considered statistically 
significant.

Results

No statistically significant differences were found between the con-
trol and esmolol groups in demographic data, duration of anaesthe-
sia, and surgery (Table 1).

The SAP was significantly lower in the esmolol group as compared 
to the control group during extubation and at 1, 3, and 5 min after 
extubation (Figure 1).

The DAP was significantly lower in the esmolol group when com-
pared to the control group at extubation, and 3 and 5 min after 
extubation (Figure 2).

The MAP in the esmolol group was found to be significantly lower 
than those of the control group during extubation and at 3 and 5 
min after extubation (Figure 3).

The HR in the esmolol group was significantly lower than in the 
control group at extubation and 1, 3, 5, and 10 min after extubation 
(Figure 4).

The ratio of patients with an extubation score 1 was significantly 
higher in the esmolol group than in the control group (Figure 5).

Table 1. Demographic data, duration of anaesthesia and 
surgery.

	 Control Group	 Esmolol Group

Age (years)	 45.07±13.27	 39.40±10.76

Sex (F/M)	 5/10	 6/9

Anaesthesia duration (min)	 220.93±101.82	 213.47±78.16

Duration of surgery (min)	 211.13±102.42	 203.67±78.52

Values are expressed as mean±SD, F/M: female/male

Figure 1. Systolic arterial blood pressure (mmHg)
T1: Preoperative, T2: Before medication, T3: 1 min after medication, T4: Du-
ring extubation, T5: 1 min after extubation, T6: 3 min after extubation, T7: 5 
min after extubation, T8: 10 min after extubation. *: p<0.05 Group I:Esmolol 
Group, Group II: Control Group.
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The incidence of hypertension and hypotension did not differ be-
tween the groups. No significant difference was noted between the 
groups with respect to the need for atropine.

Discussion

Tracheal intubation and extubation are associated with marked 
elevations in heart rate and arterial pressure. Tachycardia and hy-
pertension occurring during tracheal extubation may result in 
complications such as cardiac failure, pulmonary oedema, and cer-
ebrovascular haemorrhage (15, 16). Although the mechanism of 
changes occurring in the cardiovascular system during extubation 
remains to be elucidated, it is associated with increased release of 
catecholamines as a result of the stress response (5).

Our goal was to investigate the effect of 2 mg kg-1 10 min-1 esmolol 
infusion on the control of the haemodynamic response due to ex-
tubation. Different pharmacological agents were used in several 
studies to control haemodynamic changes during tracheal intuba-
tion and extubation. In a study involving hypertensive patients, it 
was reported that 1 mg kg-1 lidocaine and 0.2 mg kg-1 diltiazem did 
not prevent the increase in heart rate and mean arterial pressure at 
extubation (17).

Used together, PGE1 (0.1 μg kg-1 min-1) and lidocaine (1 mg kg-1) 
were reported to be more effective for treatment of increased blood 
pressure as compared to when used individually (18). Although in-
creased heart rate could be controlled in the lidocaine group and in 

the PGE1+lidocaine group, it could not be achieved in the group 
using PGE1 alone. In a study comparing lidocaine to verapamil, it 
was concluded that lidocaine infusion during intubation suppressed 
tachycardia and hypertension, but it was insufficient to suppress the 
overall sympathetic response and to eliminate the effects of increased 
plasma catecholamine concentrations at extubation (19).

Keskin et al. (20) found that both esmolol and lidocaine suppressed 
haemodynamic responses at intubation, but not during extubation. 
Wang et al. (21) studied five groups of patients to determine the 
effects of different doses of esmolol on the haemodynamic response 
due to extubation. They reported that, when compared to values 
before premedication, 1.5 mg kg-1 and 2.0 mg kg-1 doses of esmolol 
decreased the heart rate and systolic blood pressure after extubation.

Esmolol 1.0 mg kg-1, 1.5 mg kg-1, and 2.0 mg kg-1 were also used 
in patients before extubation in a study by Dyson et al. (22), which 
showed that the increase in systolic blood pressure could be pre-
vented with 1.5 mg kg-1 and 2.0 mg kg-1 esmolol, but 1 mg kg-1 
esmolol was found to be ineffective. Since distinct hypotension 
was observed with 2.0 mg kg-1 esmolol, 1.5 mg kg-1 esmolol was 
reported as the optimal dose for the prevention of haemodynamic 
response due to tracheal extubation. Fuhrman et al. (23) compared 
the effects of esmolol with alfentanil on heart rate and systolic blood 
pressure after extubation. The heart rate and systolic blood pressure 
during extubation did not change significantly in the esmolol group. 
However, extubation time in this group was significantly prolonged. 
Therefore, they recommended esmolol to control the haemody-
namic responses associated with extubation. We compared 2 mg kg-1 
esmolol to the saline group, without the use of any other drug, and 

Figure 3. Mean arterial blood pressure (mmHg)
T1: Preoperative, T2: Before medication, T3: 1 min after medication, T4: Du-
ring extubation, T5: 1 min after extubation, T6: 3 min after extubation, T7: 5 
min after extubation, T8: 10 min after extubation. Group I:Esmolol Group, 
Group II: Control Group

120.00
110.00
100.00
90.00
80.00
70.00

T1	 T2	 T3	 T4	 T5	 T6	 T7	 T8

Group I Group II

Mean Arterial Blood Pressure

Figure 5. Extubation quality scale
Group I: Esmolol Group, Group II: Control Group
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Figure 2. Diastolic arterial blood pressure (mmHg)
T1: Preoperative, T2: Before medication, T3: 1 min after medication, T4: Du-
ring extubation, T5: 1 min after extubation, T6: 3 min after extubation, T7: 5 
min after extubation, T8: 10 min after extubation. *: p<0.05 Group I:Esmolol 
Group, Group II: Control Group
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Figure 4. Heart rate (beat/min)
T1: Preoperative, T2: Before medication, T3: 1 min after medication, T4: Du-
ring extubation, T5: 1 min after extubation, T6: 3 min after extubation, T7: 5 
min after extubation, T8: 10 min after extubation. Group I: Esmolol Group, 
Group II: Control Group
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found that the haemodynamic changes, particularly in heart rate 
occurring at extubation, could be prevented with esmolol. Grillo et 
al. (7) concluded that cerebral hyperaemia following brain surgery 
was associated with sympathetic hyperactivity, and that the activity 
could be suppressed by using esmolol.

Lim et al. (24) sought to find the optimal prophylactic esmolol dose 
for controlling hemodynamic responses in patients undergoing in-
tracranial surgery. Systolic blood pressure and heart rate increased 
in all groups after extubation. There was no statistically significant 
difference between infusion doses and, although 0.2 mg kg-1 min-1 
was observed to be more effective, 100 mg kg-1 min-1 was considered 
to be safe. In our study, 2 mg kg-1 10 min-1 esmolol attenuated the 
heart rate and blood pressure responses during extubation.

The above mentioned and other similar studies had some differences, 
such as the type of the selected pharmaceutical agent, the doses, and 
administration times for esmolol. At the planning stage of this study, 
we assumed that it would be convenient to block sympathetic stim-
ulation using esmolol, a β-blocker agent, in order to prevent exag-
gerated haemodynamic stimulation during extubation. In previous 
studies comparing the effectiveness of esmolol with other agents, it 
was concluded that the prolonged sedative effect of an opioid agent, 
even if short-acting, may cause delayed extubation (23, 24). Also, as 
the intracranial pathology and trauma caused by the operation may 
affect central nervous system functions, we did not want to use an 
opioid agent to prevent the haemodynamic response at extubation af-
ter craniotomy. The reason we did not prefer the method of infusion 
used in various studies or did not use bolus esmolol after the extuba-
tion, was that we wanted to ensure the overlap of the onset of action 
of esmolol with the time of extubation. We started esmolol infusion 
5 min before the predicted extubation time and continued it for 10 
min, including the period during, before, and after extubation. Thus, 
we concluded that the effect of esmolol was achieved when sympa-
thetic impulses were at their highest level. For this reason, no patient 
had bradycardia or hypotension requiring treatment.

Conclusion

Our findings suggest that, in patients undergoing craniotomy, 2 mg 
kg-1 10 min-1 esmolol infusion beginning 5 min before extubation pro-
vides haemodynamic stability by preventing hypertension and tachy-
cardia without any serious side effects during and after extubation.
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