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“If you can’t explain it simply, 

You don’t understand it well enough.” 
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Resumo 

 

Introdução: Os fármacos utilizados na anestesia em eletroconvulsivoterapia (ECT) 

possuem efeito anticonvulsivo que pode reduzir a qualidade e a duração da convulsão. O 

intervalo de tempo entre a indução anestésica e o estímulo elétrico tem sido investigado, 

recentemente, devido à possível influência sobre o tratamento, uma vez que determina 

indiretamente a concentração cerebral de anestésico no momento da estimulação elétrica. 

Neste estudo, avaliou-se o impacto do intervalo decorrido entre a indução anestésica e o 

estímulo elétrico sobre os parâmetros no eletroencefalograma (EEG) e a duração motora 

das convulsões, em pacientes submetidos a eletroconvulsivoterapia. 

Métodos: Este é um estudo observacional retrospetivo, em que os indicadores de 

qualidade da convulsão no EEG (duração, estereotipia, regularidade, supressão pós-ictal e 

qualidade global) e a duração de convulsão motora observável foram previamente 

registados e, posteriormente, avaliados por um psiquiatra. A análise estatística foi 

realizada com Modelos Lineares de Efeitos Mistos, avaliando a relação do intervalo de 

tempo anestésico-a-estímulo elétrico com variáveis de resultado, ajustada para potenciais 

fatores confundidores. 

Resultados: Incluíram-se 42 pacientes e um total de 490 sessões de 

eletroconvulsivoterapia. Mostrou-se um impacto positivo de um maior intervalo de tempo 

anestésico-a-estímulo elétrico em todos os parâmetros do EEG (melhor estereotipia, 

regularidade, supressão pós-ictal e qualidade global da convulsão) e na duração de 

convulsão motora. 

Limitações: Além dos possíveis vieses de dados e de operador pela natureza retrospetiva 

do estudo, não foram controladas variáveis como o efeito da ventilação nem das 

medicações habituais dos doentes. 

Conclusão: Demonstrou-se que um maior intervalo de tempo entre a indução anestésica e 

o estímulo elétrico tem um impacto positivo na qualidade da ECT. Desta forma, propõe-se 

a definição e difusão de um procedimento personalizado de determinação dos intervalos 

de tempo entre indução anestésica e o relaxante muscular ou o estímulo elétrico para cada 

doente. 

 

 



Impact of the anesthetic-to-electric stimulus time interval in patients undergoing electroconvulsive therapy 

 

 x 

Palavras-chave 

 

Terapia electroconvulsiva; indução anestésica; estímulo elétrico; qualidade da convulsão; 

reorientação  



Impact of the anesthetic-to-electric stimulus time interval in patients undergoing electroconvulsive therapy 

 

 xi 

Abstract 

 

Introduction: Drugs used for anesthesia in electroconvulsive therapy (ECT) have 

anticonvulsant properties that can affect seizure quality and duration. The anesthetic-to-

electric stimulus time interval has been recently researched due its possible influence on 

treatment efficacy since it indirectly determines the brain concentration of anesthetic at 

the time of electric stimulation. In this study, we assessed the impact of the anesthetic-to-

electric stimulus (ATES) time interval on EEG parameters and motor seizure duration, in 

patients undergoing ECT. 

Methods: This is an observational retrospective study, in which seizure quality parameters 

on EEG (duration, stereotypy, regularity, postictal suppression, and global quality) and 

seizure motor duration were previously recorded and then analyzed by a psychiatrist. 

Statistical analysis was performed with Linear Mixed Effects Models to assess the 

relationship between anesthetic-to-electric stimulus time interval on outcome variables, 

adjusting for potential confounding factors. 

Results: Forty-two patients and 490 ECT sessions were included in this study.  A positive 

impact of a longer anesthetic-to-electric stimulus time interval was found in all EEG 

parameters (increased stereotypy, regularity, postictal suppression, and global seizure 

quality) and in motor seizure duration. 

Limitations: Besides possible data and operator bias inherent to the retrospective design, 

variables such as pretreatment ventilation and the effects of patient medication were not 

controlled. 

Conclusion: We demonstrated that longer anesthetic-to-electric stimulus time interval had 

a positive impact on ECT quality. Therefore, we defend a personalized procedure for 

determination of time intervals between anesthetic induction and muscle relaxant or 

electric stimulus for each patient. 

 

 

Keywords 

 

Electroconvulsive therapy; anesthetic induction; electric stimulus; seizure quality; 
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1. Introduction 

 

Electroconvulsive therapy (ECT), which consists of administering electric stimulation 

to induce a seizure under anesthesia, is a medical procedure for the treatment of severe 

psychiatric disorders (1–13). It is considered lifesaving for patients in need of urgent 

therapy (3,12) (like those with feeding refusal, catatonic features and high risk of 

suicide) or presenting refractory conditions (1,7,9,10,13–16). Nonetheless being used 

for a long time, the exact therapeutic mechanism is not completely understood 

(3,11,13), only known to involve multifactorial changes in cerebral blood flow, neuron 

signal transduction and regional metabolism (7). 

Despite decades of progress, ECT remains under social (or medical) stigma (7,13) and is 

less prescribed than it should (10,17). Nowadays, it can significantly improve the 

health-related quality of life in patients of both sexes and at all ages (5). 

Loss of autobiographical memory and short-term impairment in new learning, also 

known as retrograde and anterograde amnesia, were the most relevant adverse effects 

related with ECT (1,8,10,11,18). Acute confusion and postictal disorientation are 

common immediately after the session (10) and could exist a correlation between time 

to orientation post-treatment and loss of autobiographical memory at 2 months after 

the course of ECT (8). 

Based on their negative pretreatment expectations, some patients attribute preexisting 

subjective memory impairment to ECT (19). Although, when assessed before and after 

the session, subjective memory improved more often than worsened (19). 

The effectiveness of ECT correlates with great seizure quality, defined by a higher peak 

slow wave amplitude, increased slow-wave regularity, intense seizure activity and an 

abrupt seizure suppression (14,20). These can be influenced by factors like the 

anesthetic drugs and pretreatment ventilation. Seizure quality also seems to decrease 

throughout the treatment course itself, due to a rise in seizure threshold (4,15,21). 

An ideal induction anesthetic should have short half-life, rapid action, minor 

hemodynamic changes and no interference with seizure threshold or duration 

(2,6,11,22). Almost all anesthetics used in ECT have anticonvulsant properties 

(1,4,14,15,22,23) that can affect seizure spreading in the brain tissue (20,23). 

Advantages like rapid recovery, short-duration confusion, and low incidence of adverse 
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reactions (like hypertension or tachycardia) make propofol and thiopental extensively 

used in this context (1,23). 

Propofol contributes to rapid onset and recovery with less hemodynamic change, 

although simultaneously increases seizure threshold and reduces seizure duration 

(2,6,11).  

Thiopental, a barbiturate drug, has superiority over propofol in respect to lesser 

anticonvulsant effect, longer seizure duration (2,14,23) and possibly lesser cognitive 

impact (6), although it may cause nausea and arrhythmias like sinus bradycardia or 

premature ventricular beats (6). 

Ventilation with 100% oxygen before anesthetic induction until recovery of 

spontaneous breathing is a standard recommendation, given the almost 200% increase 

of oxygen consumption during seizure (22). However, pretreatment hyperventilation is 

also used to induce hypocapnia, which could have a seizure facilitating effect (17). 

The time interval between anesthetic induction and electric stimulation will determine 

anesthetic’s concentration in the brain at the time of the stimulus (15,17,20,21). If this 

concentration is high, anticonvulsant effects may reduce the capacity to induce seizure. 

Following the bolus, anesthetic levels peak in the plasma, rapidly penetrate the blood-

brain barrier (21), and sedate in 15 to 40 seconds (24,25). Recent data suggests that a 

longer time lapse until electric stimulation could improve seizures (14,15,17,20,21). 

Therefore, taking ATES time interval into account could avoid unnecessary increase of 

electric charges (17) or switch of ECT modalities as well as their higher side-effect risks 

(21). However, if ATES time interval is too long, the risk of patient awareness and 

inadequate muscle relaxation increases as well (15,17). Given the simplicity of this 

measure, some studies claimed its clinical monitorization and individual interpretation 

(14,15,20,21). 

Our preliminary hypothesis is that a longer ATES time interval leads to better 

outcomes, superior seizure length and better seizure quality, and it may also affect the 

time needed for reorientation after the ECT session. This study aims to determine the 

influence of ATES time interval on seizure quality, seizure duration and patient 

reorientation time-length, adjusted for potential confounders, such as age, sex, 

anesthetics, stimulus charge, electrode placement and pulse width. 
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2. Material and Methods 

 
2.1 Study design 

This is an observational retrospective study using data from all ECT sessions performed 

between August 2018 and December 2020 at two different ECT units in Portugal. 

2.2 Population 

We included data from patients older than 18 years and a suitable diagnosis for 

treatment with acute or maintenance ECT (Major Depressive Disorder with or without 

psychotic features, Bipolar disorder, Obsessive-Compulsive disorder, Schizophrenia 

and other, according to DSM-5 classification).  

We excluded cases in which anesthetics other than thiopental or propofol were used. 

Titration sessions were also excluded, as the parameters are considerably different than 

subsequent sessions. 

2.3 ECT and anesthetic procedures 

Before the first ECT session, patient medication is reviewed and stopped as much as 

possible. Only antidepressant medication and benzodiazepines are sometimes 

maintained in a minimal acceptable dose. Other anticonvulsant medications are 

completely stopped. 

Following practice guidelines (1), patients begin with empirical seizure threshold 

estimation in the first session (titration). Optimal charge following treatment is 

calculated as six-fold for RUL modality and 2.5-fold for BT modality. This charge is 

subsequently adjusted according to psychopathological improvement and EEG trace 

parameters. Modality choice and pulse duration is made favoring brief pulse (0.5 ms 

and 1.0 ms) and BT placement for efficacy and ultra-brief pulse and RUL placement for 

side effects prevention. By default, RUL and ultra-brief pulses were preferred. The 

course of ECT treatment was considered complete based on clinical judgement and 

clinical results. 

Anesthesia with thiopental (3-5mg/kg) or propofol (1-2mg/kg) is, optionally, preceded 

by atropine, to prevent post-ECT bradyarrhythmia, and followed by muscle relaxation 

with succinylcholine (0.5mg/kg). Pretreatment oxygenation and hyperventilation are 

performed, mostly the first option. Electric stimulus was administered using a MECTA 

spectrum 5000Q device with three control channels: 2 for EEG and 1 for ECG. 
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Time lapse between anesthetic bolus administration and electric stimulus delivery, as 

well as stimulus-to-spontaneous breathing time lapse and stimulus-to-reorientation 

time lapse are recorded with a stopwatch. Recovery of awareness is monitored in the 

observation room by the nurse. Reorientation is considered as the ability of the patient 

to correctly answer to protocol questions after procedure – name, age, month, year, and 

location.  

We collected data comprising thiopental, propofol and succinylcholine’s doses (mg); 

stimulus charge (mC); electrode placement (RUL or BT); pulse width (0.3, 0.5 or 1.0 

ms); ATES time interval (min); stimulus-to-spontaneous breathing time interval (min); 

stimulus-to-reorientation time interval (min); and motor seizure duration (sec). 

2.4 EEG procedure and analysis 

After alcohol cleansing, electrodes are placed on frontal and mastoid regions bilaterally 

and monitoring starts. ECG and EEG traces are automatically registered by the MECTA 

EMR© software. 

A psychiatrist experienced in ECT blindly assessed the EEG and classified the 

parameters according to a scale previously used in other studies (14,15,20). The indices 

considered were stereotypy (0-3), regularity (0-6), postictal suppression (0-3), global 

seizure quality (1-5), seizure duration on EEG trace (sec) and observable motor seizure 

duration (sec). 

2.6 Statistical analysis 

Statistical analysis was performed using SPSS version 26 (IBM).  ATES and stimulus-

to-reorientation time intervals were converted in seconds for the analysis. 

First, a logarithm base 10 transformation of the data was performed to get a normal 

distribution and deem the data suitable for analysis. Separate mixed models were run 

for the seven dependent variables to estimate the independent variable behavior both 

as a random or fixed factor. The ATES time interval was introduced in the model as a 

random factor for all the further analysis. Subject was included as a random effect for 

each dependent variable and each one of the covariates. 

The influence of ATES time interval on EEG stereotypy, postictal suppression, trace 

regularity, global seizure quality, motor and EEG duration, and reorientation time was 

analyzed with Linear Mixed Effects Models controlling for factors that could potentially 
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affect seizure expression: age (years), sex (female=0), anesthetic (thiopentone/propofol 

mg), pulse width (ms), charge (mC), and electrode placement (RUL=1/BT=2). 

Statistical tests were two-tailed, and significance was set at p<0.05. 

2.7 Ethical considerations 

This study was reviewed and approved by the Local Ethics Committee of both study 

sites. Patients signed an informed consent form before the procedures. The need for a 

new consent form for this anonymized retrospective study was dismissed. 
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3. Results 

 

A total of 545 ECT sessions from 43 patients were initially retrieved. Forty-six titration 

sessions were excluded and nine sessions with no seizure occurrence were rejected, 

rendering 490 ECT sessions for thorough analysis. 

Demographic, clinical and ECT session variables are described in Table 1. As depicted, 

patients were mostly female (79%) and with an average 58 years of age. Major 

depressive disorder was the most frequent diagnosis, with nonpsychotic features in 

55% and with psychotic features in 24%. Thiopental was the most used anesthetic (92% 

of sessions) and RUL ultra-brief pulses were the most used ECT technique (66% of 

sessions). Motor seizure mean duration was 22 seconds and EEG seizure mean 

duration was 35 seconds. ATES time interval was on average 3 minutes and 20 

seconds; time to spontaneous breathing was 2 minutes and 28 seconds; and time to 

reorientation was approximately 25 minutes.  

Table 2 presents a bivariate statistical analysis, with one-by-one comparison between 

the main predictor (ATES time interval)/confounders and the dependent variables. A 

significant association between ATES time interval and all outcomes, such as EEG 

parameters (duration, stereotypy, regularity, postictal suppression, and global quality), 

motor seizure duration and time to reorientation was observed. 

Table 1 - Sample’s characteristics 

Patient variables (n=42) 

Age (years), mean (SD) 58 (12) 

Sex, n (%)   

 

 

Female 33 (79) 

Male 9 (21) 

Diagnosis, n (%)   

 Major depressive disorder 23 (55) 

Major depressive disorder psychotic 10 (24) 

Bipolar disorder 4 (10) 

Obsessive compulsive disorder 2 (5) 

Schizophrenia  1 (2) 

Other 2 (5) 
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Table 1 - Sample’s characteristics (continuation) 

ECT session variables (n=490) 

Anesthetic dose (mg), n (%)   

 Thiopental 453 (92) 

Propofol 37 (8) 

Delivered charge (mC), mean (SD) 213 (135) 

Pulse width (msec), n (%)   

 0.3ms 323 (66) 

 0.5ms 16 (3) 

 1.0ms 151 (31) 

Type of treatment, n (%)   

 Acute 442 (90) 

Maintenance 48 (10) 

Electrode placement, n (%)   

 RUL 324 (66) 

BT 166 (34) 

Anesthetic-to-electric stimulus time interval (sec), mean (SD) 202 (66) 

Electric stimulus – Spontaneous Breathing (sec), mean (SD) 148 (74) 

Electric stimulus – Reorientation (sec), mean (SD) 1514 (898) 

Motor seizure duration (sec), mean (SD) 22 (11) 

EEG seizure duration (sec), mean (SD) 35 (16) 

Stereotypy (0-3), mean (SD) 2.0 (0.9) 

Regularity (0-6), mean (SD) 4.4 (1.3) 

Postictal suppression (0-3), mean (SD) 2.0 (0.8) 

Global seizure quality (1-5), mean (SD) 3.4 (1.2) 

 

Using a linear mixed-effects approach, the best fitting model was performed for each 

dependent variable (Table 3). As shown, even after adjustment for potential 

confounders (age, sex, anesthetic drug, total electric charge, pulse width and electrode 

placement), ATES time interval had a positive impact on all the outcome variables: a 

longer ATES time interval related to higher stereotypy, stronger postictal suppression, 

enhanced regularity as well as improvement in global seizure quality. It was also 
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associated with longer EEG trace seizure duration, motor seizure duration and time to 

reorientation. 

Table 2 - Bivariate analysis between the dependent variables, covariates, and the independent variable 

(ATES time interval) 
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Table 2 - Bivariate analysis between the dependent variables, covariates, and the independent variable 

(ATES time interval) (continuation) 
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Table 3 - Impact of the ATES time interval on seizure parameters and reorientation - Linear Mixed Effects 

Models 
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Table 3 - Impact of the ATES time interval on seizure parameters and reorientation - Linear Mixed Effects 

Models (continuation) 
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4. Discussion 

 
As hypothesized, we found that a longer ATES time interval has a significant impact on 

seizure quality. All EEG parameters and motor seizure duration improved with longer 

intervals between anesthetic induction and electric stimulus, both in bivariate analysis 

and multivariate linear mixed models controlling for several potential confounders. 

This shows a highly consistent association of ATES time interval with seizure 

quantitative and qualitative parameters, pointing to a probable causal effect. 

Additionally, we verified that with longer ATES time interval, time to reorientation also 

increased. 

Thus, the administration of electric stimulus when the anesthetic brain concentration is 

higher might produce seizures with inferior quality than if it is administered after peak 

levels have passed (20,21). As reorientation time is related with seizure duration, and 

longer ATES time interval with an increase in seizure duration, this might explain the 

observed increase in that time. 

Despite ECT’s long history and large body of research, the discussion on the importance 

of ATES time interval is recent. This time interval only been actively studied in latest 

years, with findings that it has a significant impact in several seizure parameters 

(14,15,17,21). Gálvez et al. (2016) found that longer ATES time interval lead to higher 

scores in amplitude, regularity, stereotypy and postictal suppression as well as longer 

seizure duration (20). Also, Taylor et al. (2019), in a study with thiopentone, found a 

significant impact of ATES time interval on ictal EEG quality indices with longer 

intervals resulting in increased amplitude, enhanced postictal suppression and superior 

general seizure quality (14), without a significant influence in regularity, seizure 

duration or orientation scores after ECT (14). More recently, in 2020, a study described 

higher amplitude, postictal suppression, regularity, general seizure quality and seizure 

duration associated with longer ATES time interval (15). 

Nonetheless, despite quite homogenous results across previous studies and our study 

with data from almost 500 ECT sessions, to our knowledge, there are no guidelines 

addressing the importance and use of the ATES time interval. 

Regularity, postictal suppression and stereotypy are features of the EEG that might be 

used to assess how the seizure initiates, spreads into the brain and finishes (20). In the 

literature, more intense seizure activity and more abrupt postictal suppression are 

indicators of better efficacy outcomes (9), namely greater antidepressant response (20). 
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Also, there is an important relationship between the maintenance of  symptomatic 

improvement and seizure quality (16). The American Psychiatric Association stated the 

absence of postictal suppression or a low EEG seizure amplitude can be an evidence for 

the need to increase stimulus dosage to reach adequate responses to ECT (9,26). 

ECT seizure duration, either motor or on EEG trace, can be a moderate predictor of the 

treatment success (2,11,22,23), and consequently a good marker to assess. While some 

studies indicate that seizures less than 15 seconds may not be clinically effective (7), 

others affirm there is no set time related to effectiveness (9). 

A study assessing the time to reorientation as a predictor of short-term treatment 

outcome found that patients with longer times to reorientation met the remission 

criteria after fewer treatments (26). Otherwise, a prolonged reorientation time has been 

reported as a predictor of subsequent retrograde amnesia (14,27,28). Martin et al. 

(2015) demonstrate that reorientation time during ECT course was the strongest 

predictor of retrograde autobiographical memory changes at post ECT (1,18). 

As secondary findings we found seizure quality was also influenced by age, sex, 

anesthetic, charge, and electrode placement. However, we should, again, point to the 

fact that the ATES time interval showed, apparently, a much more consistent impact on 

seizure parameters than other well-established factors (age, charge, pulse width and 

electrode placement). 

Certain disagreement exists about what is the most appropriate anesthetic to be used in 

ECT, and few literatures focus on these drugs pharmacokinetics despite its possible 

influence. It is referred that the effects of thiopental and propofol on seizure threshold 

and duration seem to be dose-dependent (4,29), with propofol having stronger 

anticonvulsant properties than thiopental (14,20). In several studies, thiopental was 

associated with longer seizure duration (2,23) and propofol associated with shorter 

times to reorientation (18,23). ECT units included in this study use thiopental as the 

standard anesthetic, with propofol being used only as an alternative in a period of 

thiopental shortage. Due to significant differences in brain kinetics among anesthetic 

used in ECT, the best predicted ATES time interval will also be different. 

Our results are in line with the recommendation given by Gálvez et al. (2016) that to 

reduce the anticonvulsant anesthetics effects on seizure expression, the ATES time 

interval should be extended to as long as possible (20,22), avoiding deep anesthesia 

during ECT treatments, but simultaneously pondering the risks of awareness 
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(12,14,17,20) and postictal agitation (29). A recent study set a ATES time interval of 2 

minutes and 30 seconds and obtained good results, without excessive need of second 

anesthetic administration (15). 

In the present study, thiopental was the most frequently anesthetic used. This 

anesthetic is a highly lipophilic molecule and easily crosses the blood-brain barrier 

(24). According to studies in animals, following intravenous administration, this drug 

reaches its peak brain concentration in about 1 minute (24). The rate of penetration 

into the brain is limited only by the rate of cerebral blood flow with concentrations 

slightly lower than in plasma (24). In distribution phase, it equilibrates rapidly in 

highly perfused organs like the central nervous system and, subsequently, between 

these organs and adipose tissue (24). It is thought that recovery from clinical 

anesthesia is due mainly to redistribution of the drug than its metabolism (30). Thus, 

we can infer that if electric stimulus is administered following the peak time and some 

time after the start of distribution phase, less anticonvulsant effect is expected, and 

better seizure parameters can be seen. 

Actual guidelines recommend decisions regarding dosing adjustment during ECT to be 

based mostly on serial monitoring of seizure duration and quality in the EEG, 

highlighting the importance of optimizing all factors with possible influence in seizure 

parameters (15). As mentioned above, although not part of current best practice 

recommendations, ATES time interval should be included as an essential variable to 

consider. The best interval might not be the same for every individual as factors such as 

age, weight, sex and others are known to interfere with the pharmacokinetics of 

anesthetic and, consequently, seizure parameters. 

Taken together, our results show the importance of implementing a rigorous timetable 

protocol for each patient to maximize seizure quality (14,15,17,20), improve ECT 

efficacy, increase treatment predictability, avoid inefficient ECT treatment sessions and 

prevent adverse effects of random ATES time intervals. Recent findings even suggest 

that genetic variation might modulate interindividual variation of the ECT response 

(13), so taking all the individual factors in consideration will certainly lead to better 

outcomes. 

Although monitoring the ATES time interval is easy to implement, setting that time 

might not be so easy in practice. If one is to adopt a fixed ATES time interval, this must 

imply that muscle relaxation is complete and the patient ready for stimulus delivery, 

which might not happen due to unexpected factors, leading to the necessity of 
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anticipating or delaying stimulus delivery. An option would be to set a fixed time 

interval between anesthetic induction and muscle relaxant administration, which most 

probably remains unchanged across sessions. This is the current strategy used in one of 

the ECT units included in this study. A hybrid alternative may also be possible: if 

seizure quality and duration in the preceding session were good enough, we would 

follow the set time between anesthetic and muscle relaxant and, if possible, deliver the 

electric stimulus at the same exact time as previously. 

Setting the time between anesthetic induction and muscle relaxant administration or 

electric stimulus delivery, as referred above, can have a major relevance on the 

predictability of seizure parameters. Once achieved, a timing that led to good or 

optimal seizure duration and quality, should be set for that patient during the whole 

ECT cycle, until degradation of seizure quality or unwanted changes occur, such as 

awareness. Thus, using a fixed time interval simultaneously flexible according to the 

patient´s needs, may be an important and feasible procedure to implement in the near 

future. 

We can point out a few strengths of our study. First, a large dataset was used, including 

all sessions performed during a specific time interval. Second, two different ECT units 

were included, with significant differences, such as personnel, hospital type, context 

and geographical area. Additionally, statistical analysis was remarkably homogeneous 

using bivariate analysis and after controlling for confounders using linear mixed 

methods modelling. 

Limitations include its retrospective design, with possible data retrieval. Patients 

regular medications were maintained during ECT, however anticonvulsants were 

stopped and benzodiazepines were reduced in patients having higher dosages, as 

detailed in the Methods section. Although the possible effect of the drug interactions on 

seizure generation and parameters cannot be overlooked (1,16,31), there is no formal 

indication to suppress regular medication given the relatively rare interaction of the 

ECT with commonly prescribed psychotropic drugs (31). Moreover, the titration session 

might compensate for this effect if medication is kept stable along the treatment course 

(32). Pretreatment ventilation parameters was not collected. Studies suggest longer 

hyperventilation can enhance seizure production, increase neuromuscular excitability 

(1), improve seizure duration, reduce charge and decrease time to reorientation 

(15,17,21,22), possibly due to the lower levels of carbon dioxide (which has 

anticonvulsant properties) achieved at the time of stimulus administration (14). 

Nonetheless, no significant effects on ictal seizure quality were found (15). Also, 
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hyperventilation use is controversial as it produces change in cerebral blood flow (33). 

Ictal amplitude and time to slow wave onset, previously reported in literature, was not 

assessed as seizure quality indicators in our study (14–17). 
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5. Conclusion 

 
ATES time interval had a consistent and remarkable impact on seizure quality and 

duration. As these are related to clinical outcomes, our study demonstrates the 

importance of standardizing and lengthening the time interval between anesthetic 

induction and electric stimulus (or muscle relaxant) during the ECT procedure.  

Controlling for longer ATES time intervals could allow more effective and predictable 

ECT sessions. 

Determining the best ATES time interval and strategies for implementation in clinical 

practice could be next steps to explore in future studies. 
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