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 Electroconvulsive therapy (ECT) is one of the most effective treatments 

for many psychiatric disorders. Despite being a well-established as a safe 

method, ECT has many side effects such as cardiovascular 

complications. This condition may need special intervention or 

management during ECT, especially in patients with known 

cardiovascular disease. Esmolol and Labetalol are two beta blockers that 

could apply to keep patients off these complications. The present study 

aimed to compare the effect of prophylactic administration of Esmolol 

and Labetalol on heart rate (HR) and blood pressure (BP) in ECT. In this 

double-blind clinical trial study, 83 ECT candidate patients were divided 

into three groups randomly. Labetalol, Esmolol, and normal saline (as a 

placebo) were administered to groups first, second and third 

respectively. Collected data from HR and BP that had been recorded 

before, during, and after ECT were analyzed and interpreted. There were 

no significant different between three groups in mean of SBP, DBP and 

MBP. Mean of HR in Labetalol group and mean of SPO2 in Esmolol 

group were the lowest. Patients who were given normal saline had 

shorter recovery time with more tachycardia alternatively hypotension 

was observed in Labetalol and Esmolol groups further. Lower heart rate 

and diastolic blood pressure (DBP) in Esmolol and Labetalol groups 

respectively, suggested taking advantage of these medicines, especially 

in cardiovascular patients who are candidates for ECT. 

 

 
 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Electroconvulsive therapy (ECT) is an effective treatment for many psychiatric diseases, including severe 

and recurrent cases of depression, acute and chronic schizophrenia, acute manic, and psychosomatic 

disorders, in particular with the failure of other treatments [1], [2]. Studies show that 80-90% of patients 

have responded to this method [3]. This method is very safe and will have very few serious side effects and 

mortality if used properly [4]. However, it is associated with effects on the cardiovascular system that may 

be hazardous in patients with a history of cardiovascular disease [1]. The physiological response to the 
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generated electrical stimulation is an initial short, immediate parasympathetic response (within the first 10-

15 sec after electrical stimulation) [2], which can induce transient sinus bradycardia or, in rare cases, 

asystole. For this reason, atropine or glycopyrrolate are used in some centers before the induction of 

anesthesia to reduce vagus nerve activity. The sympathetic response is then mediated by the release of 

catecholamines from the adrenal gland [1]. The results in sinus tachycardia whith more than 130 bpm, a 10-

50 mm Hg increase in diastolic blood pressure (DBP), a 30-70 mm Hg increase in systolic blood pressure 

(SBP) [5], and an increase in cerebral blood flow velocity [6], [7]. 

 

Since cardiovascular complications are the main cause of morbidity and mortality because of electroshock, 

many drugs have been used to reduce these complications [2], [5], [8]. In particular, the use of 

antichronotropic and antihypertensive drugs is recommended in recent studies [6]. On the other hand, it is 

known as a useful drug that reduces the hemodynamic changes and produces the minimal effect on the 

duration of convulsion and the therapeutic effect of ECT [9], [10]. There is evidence of a direct relationship 

between the duration of convulsion and the therapeutic effect of electroshock [11], indicating a minimum 

duration of 25 seconds [9], [10], and its reduction to < 15 sec will not have the expected therapeutic effect 

[2], [11]. 

 

Recently, the effect of beta-blocker drugs with short half-lives has been studied on hemodynamic changes 

and duration of convulsion, though their use leads to problems such as reduced duration of convulsion, 

prolonged decline in the cardiovascular system, and severe hypotension [12], [13]. Additionally, their use is 

limited in bronchospastic patients and those with ventricular dysfunction and cardiac conduction disease 

[1]. 

 

One of these drugs is labetalol, which is an alpha 1 and beta-blocker (alpha- to beta-antagonist blocking 

ratios of 1:7 and 1:3 in intravenous and oral uses, respectively) with a blocking onset of 2-5 min and a peak 

effect of 5-15 min in intravenous injection [2]. It has been shown to cross the blood-brain barrier with 

inhibitory effects on the central nervous system (CNS) in laboratory mice [7]. Labetalol alone has a 

significant effect on the control of changes in heart rate (HR) and blood pressure (BP), particularly after 3-5 

min after electrical stimulation [13], [14], reduction of cardiac arrhythmias, and premature ventricular 

contractions (PVC) [13], and deceleration of blood flow to the brain in patients with a history of stroke or 

cerebral aneurysm [7], with no effect on the duration of convulsion and the therapeutic outcome of ECT [2], 

[12- 14]. 

 

Another drug is esmolol, which is an ultrashort-acting beta-blocker drug used intravenously. Due to its 

ultra-short-acting effect, the drug has been approved by the FDA for acute and temporary control of 

ventricular rate in certain supraventricular arrhythmias, such as sinus tachycardia and flutter, in pre- or 

postoperative or emergency situations. Esmolol is administered intravenously and distributed rapidly 

throughout the body. The onset of its action and the peak effect are respectively 2-10 and 10-30 min in 

intravenous injection. The half-life of esmolol is estimated at 9 min and is mostly excreted by the kidneys; 

the rest of the drug may be excreted in feces. Negative chronotropic effects of esmolol cause antiarrhythmic 

effects, and negative chronotropic and inotropic effects (which reduce cardiac output), decrease in 

sympathetic output from the brain, and suppression of renin release result in antihypertensive effects of this 

drug. Pharmacodynamic consequences of these drugs lead to a decrease in SBP and DBP [15]. 

 

Based on the above and a literature review, the projects conducted on these topics examined the effect of 

esmolol or labetalol alone in the reduction of BP and HR in the ECT process, and no study was found on 

the simultaneous effect of these two drugs. This project, therefore, tried to evaluate and compare the effects 
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of esmolol and labetalol at low doses on changes in BP and HR in ECT. 

 

2. Methods 

The present article is a randomized double-blind clinical trial study with a control group conducted at Al-

Zahra Educational and Medical Center in Isfahan during 2018 and 2019. The target population was patients 

who were candidates for ECT. 

 

Inclusion criteria: 

1. Patients in the age group of 13-19 years 

2. American Society of Anesthesiologists (ASA) degrees I and II candidates for ECT 

3. Patient consent for participation  

 

Non-Inclusion criteria: 

1. Previous use of Beta-blockers 

2. Contraindications to the use of drugs 

3. Sensitivity to trial drugs 

4. Asthma 

5. Patients with a history of severe cardiovascular disease 

6. Kidney disease 

7. Liver disease 

8. Chronic respiratory disease 

 

Exclusion criteria: 

1. Reluctance to continue participation 

2. Patients who developed unstable medical problems after induction of anesthesia and shock. 

3. Individuals who experienced convulsion for > 90 sec and < 20 sec. 

4. Individuals who needed intubation. 

5. Death 

 

Then, the sample size required for the study was obtained using the formula: 

 
 

As a result, at least 25 subjects were assigned to each group. 

After the project approval, permission was obtained from the Medical Ethics Committee at Isfahan 

University of Medical Sciences. Then, 83 candidate patients for ECT who met inclusion criteria with no 

exclusion criteria were selected by the convenience non-probability sampling method. Then, written 

consent forms were obtained from patients to participate in the study and randomly distributed in two 

groups of 28 and one group of 27 subjects using the Random Allocation software. In this double-blind 

study, the patient, the drug injector, and the data collector were unaware of the type of drug injected into the 

patient. 

 

Then, an intravenous (IV) line was implanted for the patients to connect devices, such as ECG, pulse 

oximetry, and noninvasive BP (to measure SBP, DBP, and mean arterial pressure) to the patient, and 

changes in these parameters were recorded before, during, and after ECT. It is noteworthy that noninvasive 

BP and pulse oximetry were recorded in two different hands as they could have a confounding effect on 

each other. 
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ECT electrodes were connected temporally to the patient bilaterally. BP, HR, and SPO2 were measured 

before the injection of study drugs, before anesthesia drug injection, and exactly before the electric shock. 

Drug packages were randomly distributed among patients (for injection before ECT). People responsible for 

injection and monitoring were not aware of the package content, which was determined by marking the 

packages to prevent personal bias in the study. The contents of drug packages consist of A (A1, A2), B (B1, 

B2), and C (C1, C2), with A1, A2, and B1 containing labetalol (0.2 mg/kg), normal saline, and esmolol (0.5 

mg/kg), respectively, and B2, C1, and C2 each containing normal saline. Each code was assigned to A, B, 

and C groups, and 1 and then 2 were respectively injected to the patient before anesthesia. 

 

All three groups were administered 2 mg/kg of sodium thiopental and 0.5 mg/kg of succinylcholine. Guedel 

airways were also installed for the patient to prevent biting the tongue. The patient then received electrical 

stimulation to start convulsion. 

 

At the end of the shock, HR, BP, and SPO2 were measured at 1, 3, 5, 10, and 20 min after the shock. Data 

of hypotension, hypertension, tachycardia, and bradycardia were recorded for each patient. 

 

After the end of the convulsion, the patient entered the recovery room (RR), and apnea after ECT was 

measured during recovery. Moreover, the presence or absence of complications, such as headache, nausea, 

vomiting, and laryngospasm, was evaluated during recovery. Finally, collected data were analyzed using 

SPSS software (version 23) and one-way analysis of variance (ANOVA), Chi2, Mauchly, Chi-square, and 

Bonferroni tests. 

 

3. Results 

All In this study, all participants were divided into three groups of A (0.2 mg/kg of labetalol), B (0.5 mg/kg 

of esmolol), and C (normal saline with the same volume) and were evaluated in different aspects according 

to goals of the proposal. 

 

According to the analysis of data, no significant differences were observed between the mean values of 

SBP, DBP, and mean BP between the three groups. 

 

The mean HR was significantly different between the three groups, with lower rates in groups A and B than 

in group C. The three groups were also significantly different in the mean SPO2, with a lower value in 

group C than in groups A and B. 

 

The results of the intragroup analysis to examine changes in the means of indices at different times of 

measurement revealed a decreasing trend of DBP during the studies times, which was more pronounced in 

group A than the other two groups. The average HR decreased initially, but it increased with rising the time 

at 10 and 20 min, with a higher reduction in group B than in the other groups. SaO2 also showed an 

increasing trend over time, with the sale level in both A and B groups higher than group C. 

 

Table 1. Average systolic blood pressure, diastolic blood pressure, mean arterial pressure, heart rate, and 

SaO2 at different times in three groups 

  Group A Group B Group C   

Variable Time Mean ± SD Mean ± SD Mean ± SD P-value P-value 

 After induction 128.11±5.1 140.94±5.2 146.99±6   

Systolic 1 min later 130.98±4.7 130.75±4.8 142.84±6.5   
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The duration of anesthesia was shorter in groups A and B than in group C, and the duration of convulsion in 

group B was less than the other two groups. Group C showed a shorter length of stay in the Recovery than 

in the other groups. 

 

Table 2. Results of one-way ANOVA for the comparison of three groups based on the variables of 

anesthesia duration, duration of convulsion duration, and recovery time 

Variable Drug group Mean ± SD P-value 

 

Duration of anesthesia (sec) 

Drug A  78.71±17.2 
0.001> 

 
Drug B 75.21±13 

Drug C 116.92±44.9 

 

Duration of convulsion (sec) 

Drug A  41.64±7.4  

  0.001> Drug B 28.68±6.8 

Drug C 37.85±6.1 

 

Stay in the recovery (sec) 

Drug A  43.64±6.6  

0.001> Drug B 42.53±7.5 

Drug C 30.78±6.4 

 

Group C experienced significantly more tachycardia during recovery than the other groups. The frequency 

of hypotension in groups A and B was higher than in group C. 

 

Blood 3 min later 122.61±4.3 124.91±4.3 139.84±5.4 0.927 0.05 

Pressure 5 min later 117.69±4.2 120.12±4.3 135.37±5.4   

 10 min later 112.19±4.3 123.25±4.4 128.59±5.5   

 20 min later 111.06±4.3 120.71±4.3 126.11±5.4   

 After induction 88.30±4.6 91.55±4.5 92.56±6   

Diastolic 1 min later 84.43±3.5 80.45±3.5 86.99±4.6   

blood 3 min later 80.04±3.3 78.82±3.3 87.092±4.3 0.003 0.269 

pressure 5 min later 75.62±3.7 75.95±3.7 83.76±4.9   

 10 min later 69.63±3.3 77.70±3.3 84.23±4.3   

 20 min later 69.79±3.2 77.44±3.2 82.74±4.2   

 After induction 69.79±3.2 77.44±3.2 111.52±5.7   
Mean 1 min later 101.65±4.4 107.58±4.4 107.23±5   

arterial 3 min later 100.67±3.9 97.32±3.9 105.10±4.5 0.611 0.118 

pressure 5 min later 94.06±3.4 94.25±3.4 102.15±4.7   

 10 min later 91.571±2.5 92.86±3.6 99.22±4.8   

 20 min later 90.57±2.6 92.73±3.6 96.57±4.5   

 After induction 87.46±2.3 85.46±2.5 92±2.5   

 1 min later 82.43±2.2 86.82±2.6 106.26±2.6   

 3 min later 83.21±2.3 84±2.4 101.93±2.7   

Heart Rate 5 min later 82.29±2.1 81.32±2.3 102.89±2.3 <0.001 <0.001 

 10 min later 80.10±1.7 83.18±2.3 100.52±2.3   

 20 min later 97.71±0.27 80.68±2.1 90.59±2.1   

 After induction 98.75±0.37 79.07±1.7 87.48±1.7   

 1 min later 98.89±0.18 97.93±0.27 98.33±0.27   

 3 min later 98.82±0.13 98.71±0.37 95.15±0.38   

SpO2 5 min later 98.79±0.16 98.86±0.18 97.89±0.18 <0.001 <0.001 

 10 min later 98.79±0.28 98.96±0.13 98.33±0.13   

 20 min later 98.54±0.13 98.93±0.16 98.56±0.17   
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Table 3. Comparison of three groups based on variables of nausea, vomiting, and pruritus 

 

Variable 

 

Classes 

Drug group 
Chi-square 

statistic 
P-value A 

Frequency (%) 

B 

Frequency (%) 
C 

Frequency (%) 

Nausea 
Yes 3 (10.7) 5 (17.9) 0 

5.089 0.089 
No 25(89.3) 23 (82.1) 27 (100) 

Vomiting 
Yes 2 (7.1) 1 (3.6) 0 

2.013 0.770 
No 26 (92.9) 27 (96.4) 27 (100) 

Headache 
Yes 1 (3.6) 1 (3.6) 0 

1.219 0.999 
No 27 (96.4) 27 (96.4) 27 (100) 

Laryngospasm 

 

Yes 0 0 0 
- - 

No 28 (100) 28 (100) 27 (100) 

Tachycardia 

 

Yes 6 (21.4) 1 (3.6) 17 (31) 
24.741 0.001> 

No 22 (78.6) 27 (96.4) 10 (37) 

Bradycardia 

 

Yes 0 0 0 
- - 

No 28 (100) 28 (100) 27 (100) 

Hypertension 

 

Yes 7 (25) 6 (21.4) 3 (11.1) 
1.830 0.469 

No 21 (75) 22 (78.6) 24 (88.9) 

Hypotension Yes 6 (21.4) 3 (10.7) 0 
6.529 0.036 

No 22 (78.6) 25 (89.3) 27 (100) 

 

4. Discussion 

ECT is known as a therapeutic option in patients with schizophrenia, major depression, and those who 

refuse to take oral medication. In this method, electric waves are used to cause convulsion [16]. In addition, 

this treatment is also used for catatonia and bipolar disorders [17], [18]. In this method, convulsion lasts for 

a few seconds to one minute and stimulates the convulsion. 

 

The choice of anesthetic drugs used in ECT anesthesia is affected by hemodynamic changes, the impact of 

sympathetic and parasympathetic systems, and the duration of convulsion (as a key to the treatment 

usefulness) [19], [20]. A variety of drugs, such as propofol, etomidate, benzodiazepine, and ketamine, are 

used to induce anesthesia for ECT. As with other operations, the appropriate anesthesia for ECT is when it 

is associated with the least hemodynamic changes, fastest recovery time, fewer complications, and the 

lowest effect in treatment prognosis [13], [21], [22]. 

 

Various drugs, including remifentanil, labetalol, dexmedetomidine, and esmolol, are used to prevent 

hemodynamic changes in these anesthesia procedures. Labetalol is a combined alpha-beta-adrenoceptor 

antagonist as well as a non-selective beta-adrenoceptor antagonist and a competitive post-synaptic alpha-

adrenoceptor antagonist, which is used to treat high BP. Its mechanism of action is to block adrenergic 

receptors on the heart and blood vessels. It is also used as the first line of treatment for hypertension, as well 

as in angina, and to improve blood supply to coronary arteries [23]. Esmolol is a selective beta-1 

adrenoceptor antagonist used to establish hemodynamic stability in various surgeries such as laryngoscopy 

and patient intubation. This drug prevents an increase in HR during surgeries. The effect of these two drugs 

in the prevention of hemodynamic changes was demonstrated previously [24]. The effect of different drugs 

on the prevention of hemodynamic changes during ECT has been investigated in various studies. Moreover, 

the effect of labetalol on HR and BP during surgical procedures has been examined in different studies, 

some of which were in favor of and some were against this drug. 

 

A study compared the effects of remifentanil, labetalol, and dexmedetomidine before ECT on the 

prevention of hemodynamic changes and duration of convulsion in 144 psychotic patients [25]. The authors 
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found greater satisfaction, lower energy for ECT, and shorter convulsion time in patients receiving 

dexmedetomidine than those treated with labetalol and remifentanil, but they had a longer recovery period 

due to decreased HR and BP [25]. 

 

Another study compared labetalol and dexmedetomidine in the reduction of hemodynamic changes during 

laryngoscopy and intubation of 90 patients [26]. They reported that dexmedetomidine was more effective in 

the reduction of hemodynamic changes during laryngoscopy and intubation, and reduced the dose of 

propofol for induction of anesthesia. 

 

[27] compared dexmedetomidine and labetalol in the prevention of hemodynamic changes in laparoscopic 

cholecystectomy in patients with borderline hypertension. They concluded that dexmedetomidine could 

better prevent hemodynamic changes with fewer side effects during laparoscopic cholecystectomy. 

 

In an investigation on 90 patients by [2], esmolol was more effective in the prevention of hemodynamic 

changes at the first 3 min of ECT than that of 5-10 min recorded for labetalol. 

 

Other studies also evaluated the effect of esmolol on hemodynamic changes. [28] studied two doses of 

esmolol to prevent hemodynamic changes during ECT. They concluded that a dose of 1 mg/kg was more 

appropriate to prevent hemodynamic changes in the first 9 min. Moreover, they observed a better effect by 

using a lower drug dose of < 500 µg/kg in the first 6 min of ECT, but the effects of the two doses used in 

their project were not significantly different on the convulsion time. 

 

Ashutosh et al. (2016) compared five different drug combinations to evaluate hemodynamic changes during 

ECT and found that 1 and 0.5 mg/kg of dexmedetomidine and esmolol were more effective than other drugs 

in the prevention of hemodynamics changes, with no effect on the convulsion time [10]. 

 

[29] examined 60 patients and found that dexmedetomidine was more effective than esmolol in the 

prevention of hemodynamic changes during intubation. 

 

This study aimed to evaluate the effect of low doses of esmolol and labetalol on changes in HR and BP in 

Esmolol was effective in the reduction of both HR during ECT and convulsion time, and labetalol could 

effectively reduce SBP. However, the two drugs were not significantly different in the prevention of 

changes in SBP and average BP. The length of stay in the RR was longer in the esmolol and labetalol 

groups than in the normal saline group, which could be due to the reduction of their HR and BP their stay in 

the RR to manage their hypotension. However, the importance of controlling changes in BP and HR and 

reducing the recovery and convulsion time necessitates further studies in this field to prevent the 

consequences of these changes. 

 

5. Conclusion 

During and after ECT, the mean HRs in the esmolol group and DBP in the labetalol group were lower than 

those of the other groups, but SBP, average BP, and duration of anesthesia were not significantly different 

between the two groups. However, labetalol may be preferable to esmolol in terms of drug availability, 

cost-effectiveness, and less hypotension in the elderly. 
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