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Abstract

Seizure threshold determination is of crucial importance in optimizing electrical stimulus

dosage at electroconvulsive therapy (ECT). We measured initial seizure threshold by means of
Srinakharinwirot University titration schedule in 106 patients with schizophrenia or schizo-
affective disorder, receiving bilateral ECT. Seizure threshold was approximately 106 milli-
coulombs on average, and varied 5-fold across patients. Seizure threshold was directly related
to age, but inversely related to motor seizure duration. Comparisons of stimulus charge were
done with the Age and Half age methods. By using the Half age method, 68 per cent of patients
would have seized at the first stimulation and resulted in a closer mean charge to dose-titration
method than the Age method. The results may have important clinical implications for stimulus
dosing strategy in ECT.
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In practice, optimization of ECT is to in-  this central belief is wrong, both the efficacy and

sure that each patient has an adequate seizure at  the cognitive side effects of ECT depend on the
each treatment by using a minimum dosage of elec-  extent to which the stimulus dosage exceeds the
trical stimulus charge. Recent work indicates that  patient’s seizure threshold(1-7),
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Recent studies suggest a wide range in
initial seizure threshold, varying from a low of
4-fold(8.9) 1o a high of 40-fold(5). Factors influ-
encing the threshold include age(10), electrode
placement(11), gender(12), anesthetic agents(5), con-
current medications(5,13), and method of measure-
ment(14,15)_ Therefore, optimizing stimulus dosage
during ECT requires seizure threshold determina-
tion for the individual patient(16),

Dose-titration method, recommended by
the APA Task Force on ECT(16), offers the most
proven advantages in estimating seizure threshold
(17). However, criticism has been made on its
inconvenience in routine practice and cardiovascu-
lar risks secondary to repeated subconvulsive stimu-
lations. An alternative approach, suggested to avoid
the cumbersome method and its associated risks, is
the use of preselected stimulus dose including Age
method(10) and recently Half age method (18).

We report a comparison of three methods
for selecting electrical stimulus dosage for ECT.
The three methods include dose-titration, Age, and
Half age methods.

METHOD
Subjects

The subjects included 106 patients with
DSM-1v(19) schizophrenia (n = 97) or schizoaffec-
tive disorder (n = 9) received ECT at the partici-
pating hospitals. Patients were excluded who had
received either ECT or depot neuroleptics within
the prior six months and were taking medicines
with anticonvulsant properties (e.g., antiepileptics,
benzodiazepines, beta-blockers).

All psychotropic medicines were discon-
tinued at least 5 days prior to the first ECT, except
flupenthixol 12 mg/day and benzhexol (4-6 mg/day).
No other medicines were prescribed.

ECT technique

ECT was administered three times per
week. An ECT device was a MECTA SR1. Thio-
pental (2-4 mg/kg) was used as anesthesia at the
lowest dosage to minimize effect on seizure thre-
shold. Succinyicholine (0.5-1 mg/kg) served as the
muscle relaxant. Atropine sulfate (0.4 mg intrave-
nously) was administered just before anesthesia.
Patients were hyperventilated from the time of
administration of anesthesia until postictal resump-
tion of spontaneous respiration. The bitemporal bi-
lateral electrode placement was used throughout.

SEIZURE THRESHOLD IN ECT 279

The tourniquet method and two channels of pre-
frontal electroencephalogram (EEG) were used to
assess seizure duration.

Determination of initial seizure threshold

Seizure threshold was defined as the
lowest electrical stimulus charge that produced an
adequate seizure, defined as a motor seizure occurr-
ing bilaterally for at least 30 seconds plus EEG
evidence of cerebral seizure. Seizure threshold was
quantified at the first two treatment sessions by our
titration schedule (Table 1). At the first session, the
first level of stimulus intensity (10% of the maxi-
mum charge) was administered to all patients. If
this failed to elicit such a seizure, the patient was
then stimulated with an electrical charge one level
higher and up to 4 stimulations were used with an
interval of at least 40 seconds between each. Addi-
tional thiopental was not given. At the second ses-
sion, the patient was stimulated with a stimulus
charge 5 per cent lower than the first session. If this
failed to elicit adequate seizure, the previous value
was adopted as the patient’s seizure threshold;
whereas if an adequate seizure could be elicited,
this new value was used instead.

Comparison with Age and Half Age methods

Seizure threshold, estimated by our dose-
titration method (DTM) in units of charge (mC),
was compared with the stimulus charge that would
have been selected if the Age and Half age methods
(AM & HAM) had been used.

Statistical analysis

Seizure threshold was logarithmically
transformed to improve normality of the data dis-
tribution. Differences between groups on single,
continuous variables were evaluated with r-tests
or analysis of variance (ANOVA). The degree to
which variables could predict seizure threshold was
examined by stepwise multiple regression analysis.
Before inclusion in the multivariate model, the
relationship between each variable and seizure thre-
shold was investigated by the Pearson’s product-
moment correlation. Values are given as mean +
SD.

RESULTS

Seizure threshold quantified by our titra-
tion schedule was 105.7 + 45.4 mC. There was a
substantial variability in patient’s threshold, the
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Table 1. Srinakharinwirot University dosing schedule for MECTA SRI1.
Initial and successive treatments (25-100% increments).

Level* Pulse width Frequency Duration Current Charge (mC) %
1 1.0 40 1.25 0.6 60 10
2 1.0 40 2.0 0.75 120 20
3 1.0 60 2.0 0.75 180 30
4 12 60 2.0 0.8 2304 40
5 1.0 90 2.0 0.8 288 50
6 1.4 90 2.0 0.8 403.2 70
7 2.0 90 2.0 0.8 576 100
Extra level**

1 1.0 40 0.5 0.8 32 5
2 1.0 40 1.5 0.7 84 15
3 1.0 90 1.0 0.8 144 25
4 1.0 60 2.0 0.8 192 35
5 12 70 2.0 0.75 252 45
[ 1.2 90 2.0 0.8 345.6 60
7 1.6 90 2.0 0.8 460.8 80
8 1.8 90 2.0 0.8 518.4 90

* Increase by one level (25-100% increment) is recommended for use in eitherdose titration at the first treat-

ment or subsequent treatments.

** The extra level is used at the second treatment session.

Table 2. Seizure threshold as a function of age and sex (millicoulombs).

Groups Female Male P value
< 30 years
mean + SD 96.0+32.6 (n=20) 91.2+358(n=16) NS
range 60-180 60-180
31-40 years
mean + SD 100.8 + 32.6 (n=15) 112.8 £354 (n=22) NS
range 60-180 60-180
> 40 years
mean + SD 138.8 +49.3 (n=20) 1502+ 562 (n=13) NS
range 60-230.4 60-288
All 112.9 +43.6 (n =55) 116.0+49.0(n=51) NS

NS : no statistical significance

range observed was from 60 mC to 288 mC.
Seizure threshold of males (116.0 + 49.0 mC, n =
51) was almost equal to female patients (112.9 +
43.6 mC, n=55; F = 0.12, p = 0.73). Table 2 shows
the threshold values as a function of age and sex.

One hundred and five patients seized at
the first session. The numbers of patients who
seized at each level (1- 4) of stimulations was 24
(23%), 56 (53%), 22 (21%), and 3 (3%), respectively.
One patient seized at the second session using 288

mC. Seizure threshold could be determined at the
first session in the majority of patients (74%, n =
78), and the rest (26%) could be quantified at the
second session. Average number of stimulations
was 2.1 + 0.8. Anesthetic procedure required 150.1 +
38.0 mg of thiopental and 24.5 + 6.4 mg of
succinylcholine.

Only age had a strong relation with seizure
threshold (r = 0.33, p < 0.0001) which accounted for
11.2 per cent of variance predicting the threshold.
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Table 3.
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Comparison of titration with age and half-age methods and number of patients who would have

failed to seize by age and half age methods.

Titration Age method (AM) Half-age method (HAM)
Groups (actual threshold) predicted value failed AM predicted value failed HAM
< 30 years (n = 36) 88.2+433 168.9 + 19.02 0 80.3+7.1 17 (47%)
31-40 years (n =37) 1032 £40.2 222.14132b 0 114.5 + 8.8¢ 9 (24%)
> 40 years (n = 33) 1259 +45.7 287.1 4+ 28.0d 1 1442 £ 15.3¢ 8 (24%)
All (n = 106) 1057+ 45.4 2259+ 52.3f 1 113.0+£28.1 34 (32%)
* given in mean + SD (millicoulombs).
a t=978, df=135 p<0.0001
b t=1279, df=1,36, p<0.0001
¢ =246, df=136, p=0019
d t=1442, df=132, p<0.0001
e =237, df=132, p=0.024
f t=20.73, df=1,105 p<0.0001

Comparison of DTM with AM and HAM

Table 3 presents the stimulus charge
obtained by three methods, and the number and
percentage of patients who would have failed to
seize at the first stimulation if the stimulus inten-
sity selected by AM and HAM had been used in
each age group.

DTM consistently resulted in lower stimu-
lus charge than either of AM and HAM. In all age
groups, there was a significant difference between
DTM and AM but not between DTM and HAM.
For patients ages < 30, there was only a signifi-
cant difference between DTM and AM; but for
patients ages > 30, the differences were much larger
between DTM and AM than that of DTM and HAM.

By using HAM in selection of stimulus
charge, almost half of the patients aged < 30 and 24
per cent of patients in each of the two other groups
would have failed to seize. An overall success rate
in eliciting an adequate seizure by using stimulus
charge of the HAM’s protocol would have been 68
per cent, and increased to 76 per cent in patients
aged > 30. On the contrary, if the stimulus charge
selected by the AM’s protocol had been used only
one patient would have failed to seize.

DISCUSSION

In our study of a clinical sample of 106
psychotic patients who received treatment with a
brief-pulse, constant current, bilateral ECT, we
found that the average initial seizure threshold was
105.7 + 45.4 mC. This estimate is in the middle of

the range of mean thresholds observed by other
investigators using DTM(5.8,11.12,20,21) The
range in threshold values observed in our study
was from 60 mC to 288 m C (5-fold).

Regarding factors that influence seizure
threshold, we found that only age had a strong
relationship with the threshold, other variables did
not. Our findings may be explained by using either
a relatively high dosage of thiopental compared to
other studies(2-4), only bilateral electrode place-
ment, or concomitant neuroleptic(22).

It is clear that average seizure threshold
reptesents an approximation, while the real thre-
shold values are actually somewhere below that
dosage level. We attempted to quantify the patient’s
seizure threshold twice instead of only once as in
other studies, in order to obtain a more precise
value. However, only 26 per cent of patients (n =
28) had their new threshold values at the second
session.

The overall success rate of HAM in elici-
ting an adequate seizure would have been 68 per
cent, and increased to 76 per cent in patients aged
> 30 in our clinical sample of 106 patients. The
result is impressive and treating psychiatrists can
avoid the cumbersome method with DTM and
spend less time in administering bilateral ECT in
clinical use. The majority of patients bypass any
untoward effects of using multiple subconvulsive
stimulations. Although using the electrical stimulus
dosage of AM’s protocol would have resulted in
successful stimulation at the first attempt in nearly
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all of our patients, the method has been criticized
for delivering higher-than-needed stimulus inten-
sity with the likely consequences on cognitive
functions.

In summary, at the present time DTM is
the best-established method in estimating a patient’s
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seizure threshold. Using electrical stimulus dosage
of the Half-age protocol offers a more convenient
use in clinical practice.
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