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EFFECTS ON HEMODYNAMIC PARAMETERS IN 

PATIENTS UNDERGOING ELECTRO 

CONVULSIVE THERAPY (ECT): A BIS GUIDED 

STUDY. 
 

Article History: Abstract: Background: Electroconvulsive therapy (ECT) is widely 

used in the management of severe psychiatric disorders and is 

associated with significant hemodynamic fluctuations. Attenuation of 

this hyperdynamic response is essential to improve patient safety. 

Dexmedetomidine and remifentanil are commonly used adjuncts to 

anaesthesia for this purpose. Aim: To compare the effects of 

intravenous dexmedetomidine and remifentanil as adjuncts to 

anaesthesia on hemodynamic parameters, depth of anaesthesia, 

seizure duration, and recovery characteristics in patients undergoing 

ECT. Materials and Methods: This prospective, randomized, single-

blinded study included 20 patients (ASA I/II) aged 18–70 years 

undergoing ECT. Patients were divided into two groups: Group D 

received dexmedetomidine (1 µg/kg IV over 10 minutes), and Group 

R received remifentanil (1 µg/kg IV prior to induction). Standard 

anaesthesia with propofol and succinylcholine was administered. 

Hemodynamic parameters (HR, SBP, DBP), oxygen saturation, and 

bispectral index (BIS) were recorded at predefined intervals. Sedation 

was assessed using the Ramsay Sedation Scale. Statistical analysis 

was performed using paired t-test and Mann–Whitney U test. Results: 

Dexmedetomidine showed significantly better attenuation of heart 

rate (p = 0.03) and systolic blood pressure (p = 0.04) compared to 

remifentanil. BIS values were more stable in the dexmedetomidine 

group (p = 0.02). Sedation scores were significantly higher in Group 

D during the early recovery period (p = 0.04). There was no significant 

difference in diastolic blood pressure, oxygen saturation, or seizure 

duration between the groups. Conclusion: Dexmedetomidine 

provides superior hemodynamic stability, better sedation, and more 

controlled depth of anaesthesia compared to remifentanil in patients 

undergoing ECT, without affecting seizure duration. It may be 

considered a preferable adjunct in ECT anaesthesia, particularly in 

patients at cardiovascular risk. 
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INTRODUCTION 
 

Electroconvulsive therapy (ECT) is indicated in 

patients with treatment-resistant depression or severe 

major depression that impairs activities of daily living. 

ECT is a psychiatric treatment that causes 

a generalized seizure by passing electrical 

current through the brain.[1] ECT is often used as an 

intervention for mental disorders when other 

treatments are inadequate. Conditions responsive to 

ECT include major depressive disorder, mania, 

and catatonia.[2] The general physical risks of ECT are 

similar to those of brief general anaesthesia.[3] 

Immediately following treatment, the most common 

adverse effects are confusion and transient memory 

loss.[2][4] Among treatments for severely depressed 

pregnant women, ECT is one of the least harmful to 

the fetus.[5] The usual course of ECT involves multiple 

administrations, typically given two or three times per 

week until the patient no longer has symptoms. ECT 

is administered under anaesthesia with a muscle 

relaxant.[6] ECT can differ in its application in three 

ways: electrode placement, treatment frequency, and 

the electrical waveform of the stimulus. Differences in 

these parameters affect symptom remission and 

adverse side effects. Placement can be bilateral, where 

the electric current is passed from one side of the brain 

to the other, or unilateral, in which the current is 

solely passed across one hemisphere of the brain. 

High-dose unilateral ECT has some cognitive 

advantages compared to moderate-dose bilateral ECT 

while showing no difference in antidepressant 

efficacy.[7]In patients with severe depression we can 

see reduced activity and volumetric reductions in the 

dorsal areas of the frontal lobes. Areas of the ventral 

and orbital frontal cortex have altered the processing 

of emotional stimuli.[8] In addition to the frontal lobe, 

functional alterations and volumetric reductions are 

apparent in the hippocampus, parahippocampal gyri, 

and amygdala.[9] The hypothalamic-pituitary-adrenal 

(HPA) axis becomes hypersensitive to stressors and 

exhibits chronically elevated levels of stress hormones 

and impaired feedback regulation.[10]   

 
Figure: 1- Electro Convulsive Therapy 

 Bispectral index (BIS) is used for assessing the depth 

of anaesthesia remains a persistent challenge for 

clinical anaesthesiologists. Conventional monitoring 

of anaesthetic depth is primarily assessed by the 

patient’s clinical signs and symptoms, such as changes 

in heart rate, blood pressure, and limb 

movements.[11,12] Lacking objective data support, these 

methods also face challenges in continuous 

monitoring due to low specificity and sensitivity.[11] 

Such limitations may lead to inaccurate and untimely 

assessments, potentially resulting in either excessive 

or insufficient anaesthesia, which significantly 

impacts patients’ mental health, disease recovery, and 

long-term survival rates.[11] The Bispectral Index (BIS) 

offers an objective and precise method for monitoring 

the depth of anaesthesia,[13] which is a crucial 
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component of some Enhanced Recovery After 

Surgery (ERAS) guidelines.[14,15] ERAS is an evidence-

based approach to surgical care aimed at improving 

the quality of perioperative care and supporting quick 

recovery.[15, 16] 

 

The BIS monitor processes EEG signals to obtain a 

value reflecting the patient's consciousness level. It 

collects this data through its sensors and uses an 

algorithm to analyse and interpret it. The data 

displays as a number on the BIS view monitor and 

ranges from 0 to 100. A value of 0 represents the 

absence of brain activity, and 100 represents an awake 

state. Values less than 40 represent a deep hypnotic 

state. BIS values between 40 and 60 represent 

adequate general anaesthesia for surgery and prevent 

awareness under anaesthesia. BIS monitoring 

involves the application of 4 electrodes on the 

forehead. The skin on the forehead is first cleaned 

with an alcohol swab, and then 2 to 5 seconds of 

digital pressure is applied over the sensor leads.[17] The 

sensor is comprised of disposable wet gel electrodes. 

EMG activity of the frontalis muscle is measured by 

lead 4, which is the ground electrode as well. The 2-

channel monitor includes a user-configurable display. 

The 4-channel monitor has enhanced bihemispheric 

capabilities. BIS-extended sensors are available for use 

in ICU where patients require long-term monitoring.  

 
Figure:2- Placement of  BIS (Bispectral Index) 

Electrodes on the Patient’s Forehead for                   

Monitoring Depth of Anaesthesia 

The structure of remifentanil, like alfentanil and 

sufentanil, is based on its parent drug fentanyl. The 

crucial difference is the addition of an ester group 

(highlighted) allowing it to be rapidly metabolized by 

non-specific plasma and tissue esterases. This gives 

rise to its characteristic ultra-fast offset and allows for 

rapid titration. Despite being broken down by 

esterases, remifentanil can be used safely in patients 

with pseudocholinesterase deficiency[18] . Its major 

metabolite, remifentanil acid, undergoes renal 

excretion and accumulates in patients with reduced 

renal function.[18,19]Despite this, the dosing of 

remifentanil does not need to be adjusted for renal 

dysfunction as remifentanil acid is almost entirely 

inactive. [18,19] When comparing remifentanil to other 

short acting opioids (fentanyl, alfentanil and 

sufentanil), it is associated with deeper anaesthesia 

and analgesia intra-operatively.[20] This manifests as a 

lower blood pressure and heart rate. Higher doses of 

remifentanil are associated with an increased risk of 

hypotension and bradycardia as well as apnoea.[20] It 

is prudent to have vasopressors and anticholinergics 

to hand when using remifentanil. High intra-operative 

doses of remifentanil have been associated with post-

operative hyperalgesia,[21] although this may be due in-

part to inadequate provision of post op-analgesia. 

Remifentanil is an excellent choice for TIVA; it is safe 

in malignant hyperthermia and reduces the need for 

higher doses of propofol due to a synergistic 

interaction between the two drugs.[22] 

 
Figure:3- Remifentanil vial 

Dexmedetomidine, a potent sedative, alleviates 

anxiety and stress by suppressing central nervous 

system activity and modulating neurotransmitters.[23] 

During the preoperative anaesthesia induction phase, 

dexmedetomidine can facilitate a smooth and rapid 

transition to anaesthesia in conjunction with other 

anaesthetic agents, minimizing patient 

discomfort.[24]Prior studies demonstrate that 

dexmedetomidine pretreatment effectively attenuates 

acute hyperdynamic responses during MECT.[25,26] 

However, dose-dependent prolongation of recovery 

times has been reported, which may compromise 

therapeutic efficacy and elevate adverse event 

risks.[27,28] Drugs such as alpha-2 agonists and beta-

blockers have been used to attenuate this 

response.[29,30,31] Alpha-2 agonistic activity results in 

augmentation of cardiovagal activity in brain leading 

to bradycardia and hypotension. Clonidine is the 

prototypical alpha-2 agonist that has been reported to 

have a beneficial effect on the hyperdynamic response 

to ECT.[32] Dexmedetomidine, the newer alpha-2 

agonist, is being studied for many procedural 

sedations.[33,34,35,36,37,38] Dexmedetomidine decreases 

the stress-induced sympathoadrenal responses to 

painful stimuli, improves intraprocedural 

hemodynamics, and reduces the anaesthetic 

requirements. 

https://www.ncbi.nlm.nih.gov/books/NBK539809/
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Figure: 4 – Dexmedetomidine Ampoule 

 

MATERIAL AND METHODS: 
 
A total of 20 patients undergoing ECT were randomly 

selected into two groups using computer generated 

randomization list and included in the study. The 

inclusion criteria were patients scheduled to undergo 

ECT, with ASA physical status I or II, of either sex 

and aged between 18 to 70 years. The exclusion 

criteria were patients unwilling to provide written 

informed consent. Known allergy or contraindication 

to Dexmedetomidine or Remifentanil, Severe cardiac 

disease (e.g., recent MI, heart block, unstable angina), 

Pheochromocytoma or severe hypertension, 

Pregnancy or lactation, Neuromuscular disorders 

contraindicating succinylcholine use, Raised 

intracranial pressure with mass effect and patients 

younger than 18 or older than 70 years. 

 

This study was a prospective, randomized, 

comparative single-blinded observation study. 

Patients in group D (Dexmedetomidine) received 

Dexmedetomidine 1 µg/kg diluted in 10 mL saline, 

administered IV over 10 minutes prior to induction, 

those in group R (Remifentanil) received Remifentanil 

1 µg/kg diluted in 10 mL saline, administered IV 1 

minute prior to induction. 

 

  Pre anaesthetic checkup was done for all patients a 

day before procedure and patients will be kept nil per 

oral (NPO) for at least 6 hours prior to ECT. Routine 

laboratory investigations like haemoglobin 

concentration, platelet count, leucocyte count, blood 

sugar, electrocardiogram, urea, creatine, bleeding 

time, clotting time, blood grouping, chest Xray, serum 

electrolytes and liver function tests were checked.  

 

Once shifted to the operation theatre an intravenous 

line (20G) will be secured, all non-invasive Standard 

monitoring like ECG, pulse, blood pressure, 

saturation, respiratory rate, temperature and BIS were 

attached. 

 

 Pre anaesthetic procedure was standardized in both 

the groups, both groups received glycopyrrolate 0.2 

mg IV and ondansetron 0.1 mg/kg was given as 

premedication. Group D patients received 

dexmedetomidine at 1 µg/kg and group R patients 

received remifentanil at 1 µg/kg. Preoxygenation with 
100% O₂ for 3 minutes will be performed. 

 

Anaesthesia Protocol: 

● Induction: propofol 1-2 mg/kg IV will be 

administered slowly until loss of eyelid reflex. 

● Muscle Relaxation: Succinylcholine 0.5–1 mg/kg 

IV will be given to facilitate seizure and prevent 

injury. 

● Bite block will be inserted to prevent tongue 

injury. 

 

ECT Procedure: 

● Electrical stimulus (60–90 Hz, pulse width 1 ms, 

duration 1–3 seconds) will be delivered via 

bitemporal electrodes. 

● EEG seizure duration will be recorded using the 

ECT machine monitor. 

● After seizure termination, ventilation will be 

assisted with 100% oxygen until spontaneous 

breathing resumes. 

● HR, SBP, DBP, SpO₂, and BIS will be recorded 

at: 

1. Baseline (before study drug) 

2. After study drug administration 

3. After induction 

4. Immediately post-ECT stimulus 

5. 1, 2, 3,5,10 and 20 minutes post-stimulus 

6. Sedation score after every 10 mins for 1 

hour in recovery room. 

● Recovery times will be noted (time to eye-

opening, following verbal command, and 

orientation). 

 

Data Collection: 

● Primary outcome: Changes in HR and BP during 

the peri-ECT period. 

● Secondary outcomes: BIS trends, seizure 

durations (EEG), recovery time, and incidence of 

side effects  

● Ramsay sedation score was used for monitoring 

sedation levels in the patients post procedure. 

● Data will be entered into structured case record 

forms and later analysed statistically. 

                

   RAMSAY SEDATION SCALE 

Score Level of Sedation 

1 Patient is anxious and agitated or restless 

2 Patient is cooperative, oriented and 

tranquil 

3 Patient responds to commands only 

4 Patient exhibits brisk response to light 

tactile or loud auditory stimulus 

5 Patient exhibits sluggish response to light 

tactile stimuli or loud auditory stimulus 
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6 Patient exhibits no response 

 

Exclusion Criteria: 

● Known allergy or contraindication to 

Dexmedetomidine or Remifentanil 

● Severe cardiac disease (e.g., recent MI, heart 

block, unstable angina) 

● Pheochromocytoma or severe hypertension 

● Pregnancy or lactation 

● Neuromuscular disorders contraindicating 

succinylcholine use 

● Raised intracranial pressure with mass effect 

● History of allergy to opioids 

 

       SAMPLE SIZE / STATISTICAL ANALYSIS :  

                                 𝐍 =(Zα/2+Z1−β )2 2σ2 

                                                  d2 

● Sample size estimation was performed using the 

formula for comparing two independent means. 

For calculation, the standard deviation (σ) was 

assumed to be 5.0, and the minimum clinically 

significant difference (Δ) between the two groups 

was taken as 7.0. The level of significance (α) was 

set at 0.05 (two-tailed), with a desired statistical 

power (1–β) of 80%. 

● Based on these assumptions, the required sample 

size was determined to be 9 participants per 

group. To account for an anticipated 10% drop-

out rate, the final sample size was adjusted to 10 

participants per group. 

● Sample size: 20 (10/group) 

 
 

 

RESULTS: 
A total of 20 patients were randomly divided into 2 groups. Males were 14 and females were 6. The demographic 

profile was comparable between the 2 groups and found no statistically significant difference (P  0.05) as shown in 

table 1. 

Table 1: Demographic profile of the patients 

Characterteristics Group D Group R P-Value 

Age in years 30.2 + 5 30.4 + 4 P  0.05 

Sex (M/F) 7/3 7/3 P  0.05 

ASA Grade I/II 8/2 9/1 P  0.05 

Weight 50.4 + 10 52.2 + 8 P  0.05 

Heart rate 80.6 + 8 80.1 + 8.4 P  0.05 

SBP 125.3 + 5 124.9 + 6 P  0.05 

DBP 81.2 + 7.1 80.8 + 8.2 P  0.05 

 

The mean demographic data of vitals in both the groups is mentioned in table 2 and table 3. The graphical data of 

vitals in both the groups is shown in graph 1. The mean sedation score is mentioned in table 4. The graphical 

representation of sedation score is mentioned in graph 2. The sedation score is calculated for every 10 mins post 

shifting the patient to the recovery room for a period of 1 hour. 

Table 2: Mean demographic data of patients in group D 

Time HR SBP DBP SpO2 BIS 

Pre- procedure 78 124 82 100 98 

1 min 94 138 88 100 58 

2 mins 88 134 86 96 48 

3 mins 84 132 86 98 55 

5 mins 82 128 84 100 56 

10 mins 78 126 84 100 86 

20 mins 76 126 80 100 94 

30 mins 76 112 76 100 98 

 

Table 3: Mean demographic data of patients in group R 

Time HR SBP DBP SpO2 BIS 

Pre-procedure 82 120 78 100 100 

1 min 110 146 90 100 60 

2 mins 104 140 86 96 50 

3 mins 98 138 84 98 58 

5 mins 92 136 80 100 70 
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10 mins 88 130 82 100 98 

20 mins 84 124 80 100 100 

30 mins 80 122 80 100 100 

 
From table 2 and table 3 which are group D ( dexmedetomidine) and group R (remifentanil) respectively, the data 

was compared between both the groups at various time intervals using the formula paired t- test and the results can 

be seen in table 4. 

                              t =
d

Sd/√n
    

d = mean of the differences between paired observations 

Sd = standard deviation of the differences 

n = number of pairs 

t = t-statistic  

Table 4: Comparison of P-Value between both the groups 

PARAMETERS P-Value Significance 

HR 0.03 Significant 

SBP 0.04 Significant 

DBP 0.09 Not significant 

SpO2 0.60 Not significant 

BIS 0.02 Significant 

From the results (table 4) of comparison of both the groups using paired t-test we can clearly see that there is 

significant difference between both the groups in 3 parameters. 

 

Table 5: Mean Sedation score in both the groups 

TIME Group D Group R 

10 mins 5 4 

20 mins 4 3 

30 mins 2 2 

40 mins 2 2 

50 mins 1 1 

1 hour 1 1 

            
From table 5 the Ramsey’s sedation score is calculated between groups that is group D (dexmedetomidine) and group 

R (remifentanil) using Mann Whitney U test.  The formula is                                        

U = n1n2 +
n1(n1 + 1)

2
− R1 

n1 = sample size of group D 

n2 = sample size of group R 

R1 = sum of ranks of group 1 

The result of this test between the groups is 0.04, which shows that there is significant difference between the groups. 

The sedation is more in group D than in group R for first 20 mins and this can be even seen by the difference between 

the groups. 
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Graph 1: Graphical comparison between the two groups. 

 
 

Graph 2: Graphical comparison of sedation scores between the groups 

 
There was no significant change in seizure duration in both the groups. The average seizure duration in remifentanil 

group (R) was 30.33 + 6.18 and in dexmedetomidine group (D) was 29.55 + 6.22. The comparative p value was  

0.05 between both groups after using paired t test which means that there is no significant change. 

 

 

DISCUSSION  
 

Electroconvulsive therapy (ECT) is well known to 

produce a biphasic autonomic response characterized 

by an initial parasympathetic surge followed by a 

pronounced sympathetic discharge, resulting in 

transient tachycardia and hypertension. Attenuation 

of this hyperdynamic response remains a key 

anaesthetic goal, particularly in patients with  

 

 

 

 

cardiovascular vulnerability. In the present study, 

both dexmedetomidine and remifentanil were 

evaluated as adjuncts to propofol-based anaesthesia 

for their effects on hemodynamic parameters, depth of 

anaesthesia (BIS), seizure duration, and recovery 

characteristics. 
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   The findings of this study demonstrate that 

dexmedetomidine provided superior attenuation of 

heart rate and systolic blood pressure responses 

compared to remifentanil, with statistically significant 

differences observed in HR (p = 0.03) and SBP (p = 

0.04). This is consistent with the pharmacological 

profile of dexmedetomidine as a selective α2-

adrenergic agonist, which reduces sympathetic 

outflow and norepinephrine release, thereby 

stabilizing cardiovascular responses. Similar 

observations were reported in a study by Li et al., 

where dexmedetomidine significantly blunted the 

hyperdynamic response to ECT without 

compromising seizure quality.[39]Furthermore, a 

randomized controlled trial comparing remifentanil, 

dexmedetomidine, and metoprolol also concluded 

that dexmedetomidine was more effective in 

maintaining hemodynamic stability during ECT, 

particularly in controlling post-stimulus tachycardia  

 

 

 

 

and hypertension.[40] 

    

 Remifentanil, owing to its ultra-short-acting opioid 

profile, also attenuated hemodynamic responses but 

to a lesser extent compared to dexmedetomidine. The 

transient rise in HR and BP observed immediately 

after ECT stimulus in the remifentanil group aligns 

with findings from previous studies, where 

remifentanil reduced but did not completely abolish 

the sympathetic surge. A double-blinded study 

comparing dexmedetomidine, remifentanil, and 

labetalol reported that while remifentanil was effective 

in moderating hemodynamic changes, 

dexmedetomidine provided more consistent control 

across all time intervals.[41] This suggests that although 

remifentanil is beneficial, its short duration of action 

may limit sustained sympatholytic effects during the 

peri-ECT period. 

 

  In terms of depth of anaesthesia, BIS values showed 

a statistically significant difference between the two 

groups (p = 0.02), with dexmedetomidine 

demonstrating a smoother and more controlled 

decline and recovery pattern. This reflects its sedative 

and hypnotic properties, which complement propofol 

anaesthesia. The ability of dexmedetomidine to 

reduce anaesthetic requirements and maintain stable 

BIS levels has been supported in earlier studies, 

indicating improved intraoperative control and 

reduced anaesthetic fluctuations.[39] 

     Sedation scores assessed using the Ramsay Sedation 

Scale revealed significantly higher sedation levels in 

the dexmedetomidine group during the initial 20 

minutes post-procedure (p = 0.04). This finding is in 

agreement with previous literature demonstrating that 

dexmedetomidine produces a dose-dependent 

sedation resembling natural sleep, which may prolong 

early recovery but enhances patient comfort. Similar 

results were observed in studies where 

dexmedetomidine premedication led to deeper 

sedation without respiratory 

compromise.[41]However, this prolonged sedation 

should be interpreted cautiously, as excessive sedation 

may delay recovery room discharge in certain clinical 

settings. 

 

Importantly, seizure duration—a critical determinant 

of ECT efficacy—was not significantly different 

between the two groups (p > 0.05). This indicates that 

neither dexmedetomidine nor remifentanil adversely 

affected seizure quality. Preservation of adequate 

seizure duration while achieving hemodynamic 

stability is essential, and our findings are consistent 

with prior studies demonstrating that 

dexmedetomidine does not significantly shorten 

seizure duration at clinically used doses.[39,40] This 

supports its safety profile as an adjunct in ECT 

anaesthesia. 

 

The absence of significant differences in oxygen 

saturation between groups suggests that both drugs are 

safe from a respiratory standpoint when used in 

controlled settings. This is particularly relevant given 

the known respiratory depressant effects of opioids 

like remifentanil, although its rapid metabolism 

minimizes prolonged effects. 

 

  Overall, the results of this study suggest that 

dexmedetomidine is more effective than remifentanil 

in attenuating the hemodynamic response to ECT, 

providing better sedation and more stable BIS profiles 

without compromising seizure duration. These 

findings are in concordance with existing literature 

and reinforce the role of dexmedetomidine as a 

valuable adjunct in ECT anaesthesia. However, the 

relatively small sample size and single-centre design of 

this study may limit the generalizability of the 

findings. Larger, multicentric trials are warranted to 

further validate these results and determine optimal 

dosing strategies. 

 

 In conclusion, dexmedetomidine appears to offer 

superior hemodynamic stability and sedation 

compared to remifentanil, making it a preferable 

adjunct in patients undergoing ECT, particularly 

those at risk of cardiovascular complications. 

 

CONCLUSION  
 

Both dexmedetomidine and remifentanil are effective 

adjuncts to propofol anaesthesia in patients 

undergoing electroconvulsive therapy. However, 

dexmedetomidine demonstrated superior control of 
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hemodynamic responses, with better attenuation of 

heart rate and blood pressure fluctuations. It also 

provided more consistent sedation and stable BIS 

values, without compromising seizure duration, 

which is essential for the therapeutic efficacy of ECT. 

 

Although remifentanil was effective in reducing the 

sympathetic response, its effects were comparatively 

less sustained. Overall, dexmedetomidine appears to 

be a more reliable and advantageous agent for 

achieving hemodynamic stability and adequate 

sedation during ECT, particularly in patients with 

increased cardiovascular risk. Further studies with 

larger sample sizes are recommended to validate these 

findings. 

 

LIMITATIONS OF THE STUDY: 
The study’s sample size was limited, and follow-up 

duration was short, which restricts the ability to 

generalise the findings to a larger population. 

Additionally the study relied on subjective score 

values reported by the patients, making it susceptible 

to participant bias that could not be fully controlled. 
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