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Abstract

Background: Current evidence on the effect of anesthetic-ECT time interval (AETI) is controversial. This study aimed to investigate
the factors affecting the time interval between propofol injection and electro-convulsion induction and the relationship between
these factors and the duration of convulsion.

Methods: In this study, 102 patients (616 sessions of ECT) were studied. Demographic and clinical data (age, gender, receiving or not
receiving medications that affected the seizure threshold, the total number of ECT sessions, clinical severity of admission scores,
clinical diagnosis, propofol dose, seizure duration, and AETI) were collected in special forms and analyzed by appropriate statistical
methods.

Results: Sessions with long-term AETI had longer seizure time than sessions with short-term AETI (33.47 & 8.46 vs. 28.68 = 9.74, P
value < 0.05). The duration of seizures was significantly longer in the group with long AETI in sessions 1, 2, and 4 than in the other
group (Pvalue < 0.05). There was a significant relationship between the duration of seizures and propofol dose, AETI, and receiving
drugs effective in the seizure threshold (P value < 0.05).

Conclusions: The results showed that increasing AETI and injecting a lower dose of propofol to induce anesthesia would increase
the duration of seizures. Also, taking medications that would affect the seizure threshold reduces the duration of seizures.
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1. Background ment should continue until the patient receives the max-
imum appropriate therapeutic response. The duration of

Electroconvulsive therapy (ECT) is a psychiatric treat- the seizure should be at least 25 seconds (4, 7).

ment in which seizures are induced electrically in patients
to relieve psychiatric disorders (1, 2). It is a simple treat-
ment with limited and transient side effects. It has a rapid
therapeutic response and is used in drug-resistant cases
and for earlier return to normal life (3). In recent years,
ECT has been increasingly used in the treatment of se-
vere and refractory depression, mania, schizophrenia, sui-
cide, and hallucinatory symptoms and has played an im-
portant role in the treatment of these disorders (4, 5). In
this method, treatment is performed under general anes-
thesia, in which small electrical currents pass through the
brain, deliberately causing short-term seizures. It seems
that ECT causes changes in brain chemistry that can im-
mediately reverse the symptoms of mental illness (6). Be- The duration of seizures is considered a success factor
sides, ECT is usually done two to three times a week. Treat- in seizure therapy. General anesthesia can reduce its effec-

A variety of anesthetics are used for electroconvulsive
therapy. Each one has its advantages and disadvantages
that can create unpleasant experiences for patients (8, 9).
The given electrical stimulation in ECT causes seizures un-
der anesthesia. The anesthesia period is short but affects
efficacy and seizure threshold. Anesthesia is performed
intravenously, which can interfere with the induction of
seizures by ECT in addition to exerting anticonvulsant ef-
fects. However, these effects depend on several factors such
as the drugs used, the concentration of anesthetics in the
brain at the time of seizure induction, and their pharma-
cokinetic dose (7,10).
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tiveness. Propofol is widely used in most ECT centers (11).
The hypnotic effect of propofol begins rapidly after a dose
of 2.5 mg[kg and peaks at 90 to 100 seconds. The median ef-
fective dose (ED50) of propofol for reducing consciousness
is 1to 1.5 mg/[kg after bolus administration. The duration
of hypnotics depends on the dose and occurs 5 to 10 min-
utes after the injection of 2 to 2.5 mg/kg. Age affects the in-
duced dose, the highest of which is under two years of age
(2.88 mg/kg). The induced dose decreases with age. Its ini-
tial distribution half-life is two to eight minutes (11). This
has led propofol to become the main drug used in ECT (12,
13). In the case of propofol, the onset of action and awaken-
ing after anesthesia is rapid. However, it may shorten the
duration of the seizure (10, 14, 15).

The current evidence on the effect of AETI is controver-
sial (16, 17). Research has shown that the electrical stim-
ulation of the brain causes seizures without effectiveness
shortly after the anesthetic is injected when the concen-
tration of the anesthetic in the brain is at its maximum
(18). For example, Taylor et al. (17) and Galvez et al. (19)
showed that longer AETI in propofol injection increased
the duration and quality of seizures, while Jorgensen et al.
presented conflicting results (20). This may be due to long-
term ventilation and its effects on end-tidal CO, (ETCO,).
There is evidence suggesting that ventilation may affect
the duration and quality of seizures. Research in this field
has shown that long-term ventilation is related to the du-
ration of seizures (17, 21). Thus, a full understanding of the
factors affecting AETI and the duration of seizures is very
important.

2. Objectives

This study aimed to identify the factors affecting the
time interval between propofol injection and ECT induc-
tion, and the relationship between these factors and the
duration of seizures.

3. Methods

This study was performed in the Psychiatric Ward of
22th Bahman Hospital in Qazvin. Demographic and clin-
ical data of patients treated with the standard protocol
of anesthesia (propofol and succinylcholine) in ECT ses-
sions were used in the study. These clinical records were
reviewed from October 2016 to September 2020. This study
was conducted based on the research priorities of Qazvin
University of Medical Sciences; it had no ethical issues,
and was approved by the Ethics Committee of the Univer-
sity. Inclusion criteria included written consent, age over
18 years, no use of benzodiazepines at least 12 hours before

any ECT treatment session, a clinical indication of ECT, bi-
lateral electrode placement, and performing the newly de-
veloped ECT technique with the titration of electric current
dose. Exclusion criteria included patients treated for out-
patient ECT and patients who were not anesthetized with
the initial dose of propofol and needed to receive an ad-
ditional dose to induce anesthesia. In addition, sessions
during which patients did not have seizures with their first
electrical induction and needed to increase the voltage and
re-induce seizures were excluded from the study.

During the study period, due to the use of different
methods of anesthesia, it was observed that the time inter-
val between propofol and ECT was different, and this dif-
ference would significantly affect the duration of seizures.
For example, in the short time between anesthesia and ECT,
anesthesiologists and psychiatrists intended to stimulate
ECT for a relatively short time. For sessions that required
along interval between anesthesia and ECT, the specialists
sought to ensure that ECT stimulation continued for a long
time after the anesthetic was administered. This led to the
analysis of patients based on AETI. To do this, patients’ AETI
data were divided into two groups: Short-term (< 2 min)
and long-term (> 2 min). The short-term group consisted
of 43 patients and the long-term group consisted of 59 pa-
tients.

Demographic and clinical data (patient code, age, gen-
der, receiving or not receiving medication that would af-
fect the seizure threshold, the total number of ECT ses-
sions, clinical severity scores at admission, clinical diag-
nosis, propofol dose, seizure duration, and AETI) were col-
lected and registered by special forms. It should be noted
that clinical severity scores at admission were calculated
by the Clinical Global Impression-Severity (CGI-S) scale. The
items of this questionnaire are scored on a seven-point Lik-
ert scale. In this test, the doctor needs to assess the severity
of the disease at the time of evaluation, using his/her expe-
rience. Possible ratings on this scale range from 1 (normal,
not sick at all) to 7 (among very severe patients) (22).

Before ECT, all patients underwent pre-anesthesia eval-
uation and fasted for at least eight hours. They under-
went various monitors such as the usual barometer, ECG,
and pulse oximetry. After injection of anesthesia, elec-
troshock was performed using a device with bilateral elec-
trodes. The duration of seizures was recorded at each ses-
sion. These times were recorded by a trained and experi-
enced ECT assessor. In natural ventilation, the anesthesi-
ologist ventilated the patient at approximately 10 breaths
per minute. For sessions that required more ventilation,
the anesthesiologist ventilated the patient at a rate of 25
breaths per minute. Then, ETCO, was measured through
a nasal catheter as a practical and relatively non-invasive
method. The ETCO, data (in mmHg) of all patients were an-
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alyzed. As accepted, ETCO, is the amount of carbon dioxide
released at the end of expiratory respiration. The ETCO, lev-
elsindicate the adequate transport of carbon dioxide from
the blood to the lungs and exhalation (23). It should be
noted that the ETCO, levels were measured in all sessions
before ECT administration by an anesthesiologist.

After collecting data, the results were analyzed using
SPSS software version 22. The Kolmogorov-Smirnov test
was used to check the normality of the data. Data were
presented using frequency and percentage for stratified
variables and mean and standard deviation for continu-
ous variables. The independent t test was used to compare
the continuous variables, and the chi-square test was used
to compare the stratified variables. The linear regression
analysis was used to evaluate the relationship between
each of the variables affecting the duration of seizures. The
p value < 0.05 was considered as the significance level.

4. Results

In this study, 102 patients (628 sessions of ECT) includ-
ing 67 men (65.7%) and 35 women (34.3%) were studied. Be-
sides, 43 patients under study had short-term AETI sessions
and 59 patients had long-term AETI sessions. Table 1 shows
the characteristics of patients based on different clinical
and demographic factors. As can be seen, sessions with
long AETI were different from sessions with short AETI con-
cerning the seizure time (33.47 £ 8.46 vs. 28.68 + 9.74, P
value < 0.05). No significant relationship was observed in
other variables (P value > 0.05, Table 1).

Table 2 shows data on the duration of seizures in vari-
ous ECT sessions. There was a statistically significant differ-
ence in the duration of seizures between the two groups so
thatthe duration of seizures was significantly longer in the
group withlong AETlin sessions1,2,and 4 than in the other
group (P value < 0.05, Table 2).

The relationship between the duration of seizures and
AETI during different electroconvulsive therapy sessions is
shown in more detail in Figure 1. As shown in the figure,
the increase in seizure duration was greater in the group
with long AETI than in the other group (Figure 1).

Table 3 shows the relationships between the indepen-
dent variables and the duration of seizures. The analysis
was done both non-adjusted and adjusted for variables of
age, sex, and the number of ECT sessions. Among the vari-
ables analyzed (anesthesia-ECT interval, receiving drugs af-
fecting seizure threshold, propofol dose, ETCO,, diagnosis,
and succinylcholine), only the variables of AETI, receiving
drugs affecting seizure threshold, and propofol dose were
associated with the duration of seizures (P value < 0.05).
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5. Discussion

Evidence suggests that anesthetics can have a signifi-
cant effect on seizure duration (24, 25). However, the effect
of AETI on the induction of electrical seizures and its rela-
tionship with seizure duration and other factors affecting
seizure duration (including propofol dose and ETCO, ) is in-
distinct during ECT stimulation and it is in a haze of ambi-
guity. This study tried to resolve some of the ambiguities
by examining the mentioned relationships.

The results showed that increasing AETI and injecting
a lower dose of propofol to induce anesthesia would in-
crease the duration of seizures. Perhaps the reason for
this is the plasma concentration of the anesthetic (propo-
fol) due to its absorption by peripheral tissues, which, in
turn, reduces its amount and causes more propofol to re-
turn from the brain to the plasma. Due to the property of
propofol in raising the seizure threshold, the electrical in-
duction of the brain causes seizures to be more effective
when the concentration of this substance in the brain is
low. These results are in line with the studies by Galvez et
al. and contradict the study by Jorgensen et al. (19, 20). Per-
haps the reason for this discrepancy is the limited sample
size in the study by Jorgensen etal. In a larger sample of pa-
tients receiving thiopentone anesthesia, it was also found
that an increase in AETI was associated with longer seizure
duration and seizure quality (17). The optimal or preferred
time interval for AETI probably varies from person to per-
son and is also determined by the anesthetic used and the
dose of absolute anesthesia (7). This caused patients to be
divided into two groups based on this time interval. Demo-
graphic and clinical characteristics of patients were stud-
ied in both groups. The results showed that the duration
of seizures was longer in people with prolonged AETIL. In
a more detailed study, the duration of seizures in differ-
ent ECT sessions was compared, and the results showed
that the duration of seizures was significantly longerin the
group with long AETI than in the other group in sessions
1,2, and 4. These results are in line with the study by Aytu-
luk et al. whose research supported the importance of AETI
when used propofol as an anesthetic (26). Besides, alterna-
tive agents with different drug profiles may have different
results. However, a study by Taylor et al. supports in part
the importance of AETI (16).

Many studies assessed the factors that determine the
seizure threshold and the change in seizure duration in
ECT. It has been shown that changes in seizure threshold
or duration of seizures can occur during the ECT period (7,
27). The AETIis very important in determining the duration
of seizures; therefore, the monitoring and control of both
variables will be importantin clinical practice (28, 29). This
led to the study of this relationship through regression
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Table 1. Demographic and Clinical Characteristics of Patients *

AETI, Secs
Variable PValue
Short Time Interval (n =43) Long Time Interval (n=59)

Gender 0.11

Male 32(74.4) 35(59.3)

Female 11(25.6) 24(40.7)
Age,y 36.971+6.96 35.1247.55 0.21
Duration of seizures, s 28.681+9.74 33.4718.46 0.001
Dosage of succinylcholine, mg/kg 0.5+.08 0.54+.09 0.15
End-tidal CO, mmHg 28.831£7.64 29.6717.28 0.57
Total Sessions, No. 6.1210.68 6.0240.64 0.44
Propofol, mg/kg 1114-0.66 1124+0.62 0.95
Diagnosis 0.28

Schizophrenia 4(93) 11(18.6)

Bipolar disorder 25(58.1) 33(55.9)

Schizoaffective 1(23) 1(1.7)

Major Depression 12(27.9) 9(15.3)

Other disorders 1(23) 5(8.5)
Using drugs that affected the 0.68
seizure threshold

Yes 26(60.5) 38(64.4)

No 17(39.5) 21(35.6)
Clinical severity on admission 5.86 & 0.70 6.08 £ 0.72 0.12

Values are expressed as No. (%) and mean = SD.

Table 2. Analysis of Seizure Duration in Different Electroconvulsive Therapy Sessions *

Duration of Seizures

Variable P Value
Number Short Time Interval Number Long Time Interval
First session 43 24.14 +14.86 59 34.42 £12.32 0.001
Second session 41 25.95 +12.68 56 30.45 £ 9.15 0.04
Third session 38 28.80 £+ 13.48 53 30.23 £ 7.88 0.52
Fourth session 35 26.40 = 7.06 49 30.65 +10.77 0.04
Fifth session 31 28.63 £13.17 44 31.77 £ 9.40 0.23
Sixth session 26 27.03 & 8.27 37 30.46 +11.73 0.2
Seventh session 20 28.48 +10.35 29 33.07 &+ 9.40 0.1
Eighth session 15 28.44 £10.43 20 32.85 £ 7.61 0.15
Ninth session 9 28.34 +12.66 10 35.80 + 5.41 0.1
10th session 4 33.00 £ 14.00 3 30.00 - 1.00 0.73
11th session 2 34.00 £ 0.00 1 40.00 £ 0.00 N
12th session 2 31.00 &£ 0.00 1 42.00 £ 0.00 N

Values are expressed as mean =+ SD.

4 Anesth Pain Med. 2021; 11(4):e117442.
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Figure 1. Relationship between seizure duration and anesthesia-electroconvulsive therapy interval

analysis. The results of this analysis showed a direct re-
lationship between AETI and the duration of seizures and
an inverse relationship between the dose of propofol and
the duration of seizures. Evidence suggests that propo-
fol can inhibit seizure activity, but it can also have seizure
effects. The results of the present study support the first
hypothesis and showed that propofol could act as a dose-
dependent anticonvulsant (30). A comparative study con-
ducted by Mir et al. in 2017 found that patients receiving
propofol had a shorter seizure duration than etomidate
and thiopentonereceivers (31). In addition, a study by Aytu-
luk et al. found that ECT with higher doses of propofol was
associated with shorter seizure duration than ECT with a
lower dose of propofol (26).

Anesth Pain Med. 2021; 11(4):e117442.

In this study, there was no significant difference in
ETCO, between the two groups of long AETI and short AETI.
On the other hand, there was no significant relationship
between the seizure duration and ETCO,. Thus, seizure du-
ration seemed to be associated with increased AETI and a
lower dose of propofol injection. In addition, this study
showed that the ventilation method used during AETI may
not have a significant effect on the duration of seizures.
Taylor et al. achieved similar results and showed that
ETCO, did not affect the quality and duration of seizures
(16). Contrary to this study, some studies have shown that
excessive ventilation may affect the duration of seizures
(32). Perhaps the reason for this discrepancyis that the AETI
was not considered in such studies.
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Table 3. Relationship Between Independent Variables and Duration of Seizures

Duration of Seizures Duration of Seizures *

Variable

Beta PValue Beta PValue
Propofol, mg/kg -0.203 0.041 -0.204 0.047
Receiving medication that affected the -0.43 < 0.05 -0.45 < 0.05
seizure threshold
Anesthesia-ECT interval, s 0.48 < 0.05 0.51 < 0.05
Major depression -0.01 0.93 -0.004 0.97
Bipolar disorder -0.29 03 -0.31 034
Schizophrenia 0.25 0.1 0.27 0.13
Other disorders 0.22 0.25 0.23 0.28
Dosage of succinylcholine, mg/kg -0.007 0.94 -0.007 0.95
End-tidal CO,, mmHg 0.15 0.128 0.16 0.138

*Adjusted for age, gender, and number of ECT sessions.

In this study, patients taking seizure-boosting drugs
such as sodium valproate and carbamazepine had shorter
seizure periods; thus, medications received by patients
taking ECT should also be considered. Some drugs have
positive and negative effects on the seizure threshold.
The use of tricyclic, four-ring drugs, monoamine oxidase
inhibitors, and antipsychotics does not interfere with
ECT, but benzodiazepines and antiepileptic drugs such as
sodium valproate and carbamazepine, as well as lidocaine,
may elevate the seizure threshold (18).

In this study, unlike previous studies, age had no sig-
nificant effect on the duration of seizures. Research in this
field has shown that age has a significant effect on the dura-
tion and quality of seizures, and increasing age was associ-
ated with less quality and duration of seizures (19, 33). Con-
cerning the causality of this issue, it should be stated that
the mean age of the participants in this study was 35.92 &
7.32and ranged from 25 to 49 years, and this difference may
be because other age ranges were not considered in this
study.

One of the limitations of the present study is that we
only examined the effect of these factors on the duration
of seizures and neglected to improve patients’ cognitive
outcomes. This may be a basis for future studies. An-
other limitation of this study includes its cross-sectional
nature. In addition to the limitations mentioned, one of
the strengths of the present study is that recognizing the
factors affecting the duration of seizures and AETI leads to
increasing physicians’ knowledge in this field that can be
effective in deciding on the optimal dose. In this study,
the two groups of AETI studied, despite not being random
in terms of demographic and clinical characteristics, were
well matched; thus, it was possible to compare the dose
and other variables studied in this study. In addition, em-

ploying a large number of patients is another strength of
this study.

5.1. Conclusions

Based on the results, the longer the time interval be-
tween propofol injection and electrical induction in the
brain, the longer the induced seizures. It is noteworthy
that this study concluded the mentioned result by reject-
ing the effect of ETCO, and other factors. In addition, pa-
tients treated with seizure-boosting drugs such as sodium
valproate and carbamazepine had shorter seizure periods,
and it is therefore recommended to omit the overnight
dose of anticonvulsants before ECT to induce effective
seizures. In addition, patients who required higher doses
of propofol to induce anesthesia had shorter seizures.
These results indicate that propofol, which is commonly
used in ECT, can increase the seizure threshold and thus,
exerts anticonvulsant effects, which is contrary to the main
purpose of seizures in the process of ECT. By meeting the
above-mentioned conditions, especially increasing AETI,
this effect can be reduced due to a decrease in the amount
of propofol in the brain.
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