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Abstract
Objective—We sought to examine the relationship of seizure threshold (ST) to age and other
demographic characteristics in a large sample where ST was determined by the dose titration (DT)
method. We also compared the resulting stimulation levels to estimates predicted by an age-based
formula, the half-age (HA) method.

Methods—In a multicenter prospective study patients received a standardized course of bilateral
ECT for major depression using a brief pulse device. The ST was determined at the first treatment
using a fixed algorithm of stimulations. Subsequent seizures were induced at a level 50% higher than
the empirically determined ST. We only included data from subject receiving methohexital
anesthesia. We correlated ST with demographic and clinical characteristics of the sample. The actual
dosing levels at the second treatment were compared to estimates based on HA.

Results—Of the original 531 subjects, 402 met criteria for the current analysis. The ST was
positively correlated with age. Male patients had slightly higher ST than female patients. Neither
race, severity of illness, psychosis, nor use of psychotropic medications affected ST. Little variability
in titrated ST was observed among our patients. An ST of 40 (“percent of charge”) or lower was
found in 97.5% of patients, with either 20 or 40 in 80% of patients. Ninety-six percent of the patients
were treated at the three levels of 15%, 30% or 60%. Estimated HA stimulus levels offered a wider
range of choices compared to this particular algorithm used for ST determination at an average level
of 18% above the determined ST.

Conclusions—ST correlates strongly with age, while there is weaker relation between ST and sex.
There was little individual variation of ST determined by DT method among subjects, possibly
because of the wide spacing between steps of this particular titration algorithm. HA estimates were
18% above the empirically determined ST. This suggests that the use of the HA estimates at the first
treatment may result in fewer stimulations compared to the DT method.
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Introduction
Early electroconvulsive therapy (ECT) techniques aimed solely at the production of a
generalized grand-mal seizure at the first stimulus regardless the amount of charge or type of
electricity. Modern techniques seek to maximize efficacy and minimize side effects by using
dosing charges at as low as possible levels, as some studies suggest that the level of the electrical
charge above the seizure threshold is closely related to the cognitive adverse effects of the
treatment. Much of the debate about modern ECT technique is centered on the amount of charge
to be used at the first and subsequent treatments. With right unilateral (RUL) ECT, stimuli
much higher than seizure threshold (ST) are necessary for effective treatment.1,2 In bilateral
ECT though, they add little to efficacy while increasing the cognitive burden of the treatment.
3 Therefore, methods to determine the adequate stimulus levels are directly or indirectly based
on ST estimates.

ST varies among individuals and among clinical and treatment conditions in the same
individual. This variation has been described to be as wide as 40-fold.2,4 Main factors identified
as influencing ST include age and electrode placement while sex, concomitant medications,
and electrical parameters such as pulse width, frequency and stimulus duration also seem to
play an important role. 5-7

Two strategies for estimating charge levels are in common use in ECT: dose titration (DT) that
requires direct determination of ST, and age-based formulas relying on the relationship
between ST and patient's age.

The DT method was suggested as a way to offer an individualized approach.2 The estimation
of the seizure threshold is based on stepwise applications of stimuli at starting levels that are
anticipated to be sub-threshold and then at increasing levels until a seizure is elicited. Because
the devices offer fixed increments, estimates are based on 25 mC or 50 mC increments, offering
rough estimates of the ST. These estimates are used to guide dosing levels in subsequent
sessions. In bilateral ECT, after determination of the ST at the first treatment, subsequent
treatments are commonly administered at a level of 150% of the determined ST.8 The DT
method has been criticized as being cumbersome, often prolonging the treatment time, as well
as exposing patients to the risks of bradycardia caused by subthreshold stimuli.6

Alternative methods to select the stimulus charge are based on the relationship of ST to age,
with very low levels in children and adolescents and higher levels in the elderly.6 An age related
method9 and the half-age method6 have been described. The half-age (HA) method estimates
the stimulating dose according to the patient's chronological age, using half this age in “percent
of charge” for the Thymatron device or the equivalent in milicoulombs for the MECTA device
as starting point at the first session. It has been criticized as a gross estimate unaccommodating
to individual variations of ST and less sensitive than DT method.10

Most recommendations about dosing strategies are based on retrospective studies or
prospective studies with small subject samples. We had the opportunity to study the
characteristics of ST in a large cohort of patients who participated in a collaborative multicenter
study funded by the National Institute of Mental Health (NIMH), conducted by the Consortium
for Research in ECT (CORE).11 The study was conducted at five clinical sites (the New Jersey
Medical School - University of Medicine and Dentistry of New Jersey in Newark, the Medical
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University of South Carolina in Charleston, The Zucker Hillside Hospital of the Northshore-
Long Island Jewish Medical Center in New York, the University of Southwestern Texas
Medical Center in Dallas, and the Mayo clinic in Rochester, Minnesota) over a 6 year period
(1997 - 2003). The primary results of the study are reported,11 as are the effects of psychosis,
12 age,13 melancholia,14 and the impact on suicide.15 In this report we aim to describe the ST
characteristics of a large sample of patients treated with bilateral ECT. Furthermore, we
assessed the clinical-demographic characteristics, and compared the calibrated ST dosing
levels to HA method estimates.

Methods
The CORE study “continuation ECT vs. continuation pharmacotherapy” compared the efficacy
of continuation ECT and continuation lithium plus nortriptyline in patients who responded to
an acute course of ECT.11 In the acute phase, patients with unipolar major depression referred
for ECT received a course of thrice-weekly bilateral (bifrontotemporal) ECT, delivered
following a standardized protocol with a Thymatron DGx device (Somatics, Inc., Lake Bluff,
Ill.). The patients who met remission criteria and remained remitted for 1 week were randomly
assigned to receive either continuation ECT or continuation medication.

Seizure threshold was titrated at the first session using a fixed algorithm as described on table
1.5 Subsequent treatments were performed at a dose level 50% higher than the ST estimated
at treatment 1.

Seizure threshold was defined as the lowest stimulation level required to elicit an adequate
seizure, defined as at least 25 seconds of EEG duration and at least 20 seconds of motor
duration. If an adequate seizure was not produced, stimulation at the next higher level was
given after 30-40 seconds under the same anesthesia. Two different determination schedules
were used to avoid excessive number of stimulations in older patients as several studies have
shown that these patients have a higher ST.2,4,6

The medications used were glycopyrrolate 0.2 mg IV, methohexital 0.5-1.5 mg/kg IV, and
succinylcholine 0.5-1.0 mg/kg IV.

Subjects
The original inclusion and exclusion criteria for the study are described elsewhere.11 Of note,
patients with history of ECT within 6 months prior to enrollment, history of neurological illness
(including head trauma) and recent substance use disorder were excluded. The primary sample
for the current report comprises all patients who had valid ST determinations at their first ECT
session and who received methohexital for anesthesia (402/531; 76%). Subjects were excluded
for titration algorithm violations (n=12), use of anesthetic medications other than methohexital
(n=83), diagnosis other than major depressive disorder (N=30), and other reasons (N=4). (For
a period during the study, methohexital was unavailable and treatments were administered
using other sedative agents.) There were no differences in basic demographic and baseline
clinical characteristics between those included and those excluded from the sample (Table 2).

A determined effort was made to discontinue psychotropic medications before initiating ECT.
The protocol did not allow the use of psychotropic medications after the fifth day other than
lorazepam (to 3mg/day) or diphenhydramine (50mg/day), as needed. Many patients however,
had received various medications close to the day of the first ECT. We documented the use of
any psychotropic medication and examined possible effects on ST.
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For simplicity, and to facilitate comparisons between the dose levels estimated by DT and HA
methods, we report dose levels in units of “percent of charge” as marked by the stimulating
device. Roughly 1 unit of “percent of charge” corresponds to 5 mC of charge.

Statistical analyses
Demographic, baseline clinical, and treatment history variables were described using mean
and standard deviations (mean ± sd) for continuous variables (age, baseline 24-item Hamilton
depression scale (HAMD24), total number ECT in acute phase, ST, and number of stimuli to
reach threshold) and percentages for categorical variables (sex, ethnicity, psychosis status,
prior use of benzodiazepines, antidepressants, antipsychotics, and anticonvulsants). The
demographic and baseline clinical and treatment history variables were compared across ST
categories using analysis of variance for continuous variables and chi-square (or Fisher's Exact
Test) for categorical variables.

ST-Age Relationship
The relationship between age and ST was evaluated using several approaches. For these
analyses, age was considered both as a categorical variable and, in the modeling approach, as
a continuous variable. For categorical analyses, we considered several age cutpoints to evaluate
the sensitivity of results to choice of age categories, defined as 18-44, 45-64, and 65-85 years.
Analysis of variance followed by Tukey's test for post hoc comparisons was used to compare
logarithm of ST (log ST) across age categories. To evaluate the more complex multivariable
relationship between ST, age, and sex, we used multivariable linear regression with log ST as
the dependent variable, age as the primary independent variable (considered both as categorical
and continuous), and sex and clinical center (site) as covariables. The consistency of the age-
ST association across sex categories was evaluated via inclusion of a sex by age interaction
term in the model. The interaction term was not significant in any of the models and was not
included in the final models. As an additional modeling approach, we used a proportional odds
model with ST treated as a categorical dependent variable (rather than a continuous variable)
to evaluate sensitivity of conclusions to the analysis method. Results for the proportion odds
model were similar to those for the linear regression approach and, based on ease of
interpretation, we focus on results of the linear regression approach.

Additional predictors of ST
This modeling approach was also used to evaluate whether additional variables were predictive
of ST. The additional variables were the presence of psychosis, disease severity (as measured
by HAMD24 baseline), ethnicity (Caucasian/not Caucasian), and prior use (yes/no) of
benzodiazepines, antidepressants, antipsychotics, and anticonvulsants.

Relationship between HA method and ST estimates
We estimated the stimulus dose for each patient if HA method had been used at the first and
following ECT sessions. We compared these estimates to the actual stimulus doses used
following DT method at treatment number 2. The degree to which the HA method agrees with
that of the DT method was evaluated by determination of the Spearmen rank order correlation
coefficient. The difference between the value of 150% ST and the estimated HA method was
determined and the frequency distribution of the difference measures described.

Results
Patient Characteristics

The sample of 402 participants had valid ST determinations and received methohexital during
the ECT procedure; 129 were excluded from these analyses (Table 2). The seizure threshold
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(5, 10, 20, 40 and 80% of charge) varied with average age (ANOVA, p<0.0001) and sex (χ2,
p ≤ 0.05), with approximately 38% (46/120) of men having ST ≥ 40 compared to 27% (76/282)
of women. The average ST level for men was 27.9% (±14.9) compared to 24.0% (±13.6) for
women (tdf=400=2.57, p=0.01). There were no differences in ST levels with psychosis status,
ethnicity, illness severity (baseline HAMD-24).

Using regression modeling with log of seizure threshold as the dependent variable we found
no relationship between seizure threshold and use of benzodiazepines (n=77; p=0.49),
anticonvulsants (n=29; p=0.95), antidepressants (n=78; p=0.17) or antipsychotics (n=44;
p=0.32).

Distribution of Seizure Threshold Levels
Approximately 80% (320/402) of patients had a ST of either 20 (51.7%) or 40 (27.9%). The
percentage increased to 85.2% among 45-64 year olds (87.5% among 50-64 year olds) and
89.7% among those over 65 years of age (Figure 1, Table 3). In patients aged between 18 and
44, 90.6% (106/117) had a seizure threshold of 10 (35.9%) or 20 (54.7%). Further subdividing
the youngest group, the proportion having an ST of 10 or 20 increased to 97.6% (40/41) for
those between 18 and 34 years of age.

ST-Age Relationship
The mean ST increases with age [ANOVA, p ≤ 0.0001], with the mean of each age group
differing significantly from the means of the other age groups (all means differed by Tukey's
post hoc pairwise comparisons). Using regression modeling and treating age as a continuous
variable, we found a positive linear relationship with ST (log) [beta coefficient (slope) =0.016,
t=11.4, p ≤ 0.0001]. Variation in age, however, accounted for only 25% of the variation in ST
levels [model r2=0.246]. Carrying out these analyses within age strata, the ST increased with
age through the 18-44 and 45-64 years age groups, but did not increase with age beyond age
64 [18-44 years: beta coefficient for age=0.024, t=4.5, r2=0.15, p<0.0001; 45-64 years: beta
coefficient for age=0.037, t=5.8, r2=0.19, p ≤ 0.0001; 65-85 years: beta coefficient for
age=-0.007,

t=-1.0, r2=0.01, p≤ ns]. These relationships persisted after adjustment for sex, clinical center,
psychosis status, baseline HAM-D, and prior use of benzodiazepines, anticonvulsants,
antidepressants, or antipsychotics in the multivariable linear model and were also observed
using ST as a categorical variable in a proportional odds regression model.

Sex and Age ST relationships
The relationship between mean ST and age for men and women is shown in Figure 2.
Comparisons of mean ST across age categories reveals similar results for the two sex groups
with both reflecting the same pattern of significance as described for the total sample. In
regression modeling [with age (continuous), clinical center, sex, and sex by age interaction as
independent variables and log ST as dependent variable], the sex by age interaction term was
not significant which supported this observation of a similar age-ST relationship for men and
women [age by sex interaction: beta coefficient =-0.005, t=-1.5, p=ns].

Relationship between the half-age method and titration methods
The correlation between the HA method and DT method estimates was 0.51 [Spearman's rank
order correlation, p≤0.0001]. When considering the difference measure [1.5xST minus half-
age], there was perfect agreement (difference=0) between the two methods for 14.7% of the
measurements; the outcomes were within ±5 for 42.8% and within ±10 for 59.3% of cases. DT
method resulted in treatment levels more than 10 units higher than half-age in 33% of patients
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and in treatment levels 30 or more units higher in approximately 11% of cases. Figure 3 depicts
the actual treatment doses at treatment #2 and the distribution of stimulus doses suggested by
the HA method.

Discussion
Our data confirm the strong positive relationship between age and ST as well as the weaker
one of sex and ST. Other parameters such as diagnosis and severity of illness did not affect
ST. We did not find a significant effect on ST by psychotropic medications used the day before
ECT, but only a small number of our patients were on psychotropic medications at that time.

The purpose of determining ST prior to selecting a stimulus level is to obtain more accurate
and individualized information in our efforts to maximize the efficacy and minimize the
cognitive effects of bilateral ECT. The procedure to determine ST at the first session was
generally well tolerated. The procedure to determine ST at the first session was generally well
tolerated. These data, however, show that DT method based on this particular algorithm to
determine ST does not offer an individualized approach in stimulus dose selection. Eighty
percent of our patients had a ST estimated at 20 or 40 and 96% between 10 and 40. In contrast
to earlier studies, the ST varied only by 4 times, from 10 to 40 “percent of charge” with very
few outliers at 5 and 80. Following the DT method determination, only five choices of stimulus
levels were possible for the second treatment: 10, 15, 30, 60 and 90. Ninety-six percent of our
patients were treated at 15, 30 or 60 “percent of charge” levels, hardly indicative of an
individualized approach. This is partially due to the nature of the incremental stepwise
algorithm that lumps several patients who could possibly have ST between the 2 steps to the
next higher value. For example, in our paradigm, all patients who could potentially seize with
a stimulus from 21 to 40 were considered to have ST of 40 and were treated at 60 at the second
treatment. An algorithm with smaller increments (such as 5-10-15-20-25-30) might have
offered greater individualization of ST estimates. Its use, however, would be most likely limited
by the increased number of stimulations that it would require.

By contrast to the empirically determined DT method levels, the HA method estimates might
have offered a wider range of stimulation options in our sample (Figure 3). This suggests that
HA method may be more individualized than previously thought. Assertions that HA method
would result in unnecessarily high stimulations were not confirmed by our analysis. In fact,
HA method would result in doses about 18% above the empirically determined ST. At the
second treatment, treatment charges based on DT method were higher by about 31% above the
HA method estimates, a reflection of the arbitrarily chosen 50% increment at the second
treatment. Our data indicates that in most patients the HA method can be used as a starting
point of treatment without concerns of over-stimulation. For the few patients who would not
seize at their HA method level, treatment could be performed with restimulation at a higher
point.

The strengths of this study, besides the large number of subjects, include the use of a well-
characterized sample and the standardization of treatment procedures. Limitations include the
use of various psychotropic medications, including benzodiazepines and anticonvulsants, by
some patients the day before the first treatment. Furthermore, it is possible that the
discontinuation of psychotropic medications and the presumed withdrawal just prior to first
treatment may have influenced ST, either by decreasing (e.g benzodiazepines) or increasing it
(e.g. antipsychotics). Unfortunately, these data were not available for analysis. Nevertheless,
our sample is representative of “real world” conditions where most patients do not undergo a
complete medication washout before the first ECT session. Still, our calculations showed no
differences in ST between patients who received medications and those who did not. It is

Petrides et al. Page 6

J ECT. Author manuscript; available in PMC 2010 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



conceivable that the lack of medication effect on ST is due to the inability of the DT algorithm
used to determine small variations in ST.

Another limitation is that our calculations and comparisons with the HA method are based on
the assumption that all patients would have had an adequate seizure at the first ECT, if they
were stimulated at the HA level. In clinical practice, however, if an adequate seizure is not
elicited with the first stimulus, the use of the HA method offers the advantage of a higher
starting point to determine ST, thus requiring fewer stimuli in one session.

The limitations and risks of the DT method, and the relative independence of treatment efficacy
on the stimulus dose, do not encourage its use in bilateral ECT. It does not seem to offer clear
advantage for effective dosing over the HA method. However, the DT method may be necessary
for RUL ECT where the relationship between dosing charge and outcome is critical. Our data
suggest that the HA method may offer a practical alternative to DT method and could be
possibly used effectively as a starting point at the first ECT session. However, further
prospective research directly comparing the two approaches for stimulus dosing is needed.
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Figure 1.
Titrated Seizure Threshold Levels (N=402)
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Figure 2.
Comparison of Average Titrated Seizure Threshold (in % charge) Across Age Categories and
by Sex* (Values in parentheses are standard deviations)
*Females: p-value<0.0001, ANOVA for testing difference in average log seizure threshold
across three age categories; 18-44 years group significantly different from 45-64, 65-85 years
groups; 45-64 years group significantly different from 65-85 years group by Tukey's multiple
comparison procedure
Males: p-value<0.0001, ANOVA for testing difference in average log seizure threshold across
five age categories; 18-44 years group significantly different from 45-64, 65-85 years groups
by Tukey's multiple comparison procedure
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Figure 3.
Distribution of 1.5 X Titrated Seizure Threshold and Estimated Half Age Dosing
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Table 1

Titration Schedule
Patient Age Threshold at Treatment #1 (% of Charge)* Dose at Treatment #2 (% of Charge)*

Under 50 years 5 10
10 15
20 30
40 60
80 100

50 years and older 10 15
20 30
40 60
80 100

100 100
*
1 % of charge roughly corresponds to 5 mC of charge
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Table 2

Patient Characteristics for 402 patients included in the study and 129 who were excluded.

Characteristics 402 Patients with ST treated with
Methohexital

129 Patients without ST or not
treated with Methohexital

p-value

Frequency (%) or Mean ± sd Frequency (%) or Mean ± sd X2 or t-test

Age 55.2 ± 16.5 55.2 ± 17.2 0.972

Sex 0.231*
Female 282 (70.1%) 83 (64.3%)

Ethnicity 0.872
Caucasian 365 (90.8%) 118 (91.5%)
African-American 24 (6.0%) 8 (6.2%)

Psychosis Status
Psychotic 122 (30.4%) 36 (27.9%) 0.658

HAM-D24 Total Score at Baseline 35.2 ± 7.0 36.0 ± 7.4 0.230

Seizure threshold 25.2 ± 13.9 - -

Stimulus level at 2nd ECT (1.5 × ST) 39.0 ± 21.7 - -

Half Age stimulus level (estimated) 29.8 ± 8.4

Number of stimuli to reach threshold 2.5 ± 0.7 - -

Use of benzodiazepines** 77 (19.2%) 23 (17.8%) 0.797

Use of antidepressants** 78 (19.4%) 24 (18.6%) 0.898

Use of antipsychotics** 44 (11.0%) 21 (16.3%) 0.123

Use of anticonvulsants** 29 (7.2%) 13 (10.1%) 0.348

*
Fisher's Exact Test

**
on day prior to first treatment.
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