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Abstract

Objectives—The use of ultrabrief pulse (UBP) stimuli and individual seizure threshold
determination have been proposed as ways of minimizing the cognitive side effects of
electroconvulsive therapy, but large samples of patients receiving UBP ECT are lacking. This
study reports a retrospective cohort of patients receiving an index course of right unilateral UBP
ECT, and characterizes the amount of charge required to induce a seizure.

Methods—A single-center retrospective chart review was conducted of adult patients receiving a
first lifetime course of ECT using an UBP titration from 2005-2017.

Results—2,328 patients received a dose titration during the study period, with a mean dose of
21.82 + 21.61 mC applied to induce a seizure. During the early part of the study period a mean
dose of 18.73 £ 8.99 mC was used, with 28% of patients seizing at a dose of less than 19.2 mC. In
the later period the initial step of dose titration was standardized at 19.2 mC, yielding a mean
initial dose to induce a seizure of 22.72 + 24.00 mC.

Conclusions—Mean seizure thresholds may be lower than reported in previous studies, and a
significant proportion of patients may have a seizure threshold lower than the first step of many
existing dose titration protocols.
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Introduction

Methods

As the most effective treatment of depression, the single greatest cause of disability
worldwide,! electroconvulsive therapy (ECT) remains a critical tool in psychiatry.23 While
modern anesthesia techniques have minimized the physical risks of the procedure,* cognitive
and memory side effects remain of concern.®6 One strategy that has emerged to lessen
cognitive effects is the use of ultrabrief pulse (UBP) treatments,”8 in which the duration of
each electrical pulse is reduced to <0.5 ms compared to 0.5-2 ms for brief pulse stimuli or
8.3-10 ms for the original sinusoidal waveform.® The UBP stimulus is more efficient at
inducing a seizure compared to other stimulus types, and UBP treatments have been found
to be effective if given at a multiple (generally 6x or more) of the charge required to induce
a seizure.10 Although predictive models have been proposed to estimate an individual’s
seizure threshold (ST),! clinical practice in many regions relies on an empirical dose
titration at the time of first treatment to measure seizure threshold.12 Given multiple possible
titration protocols and starting doses, clinical evidence of usual effective doses can guide
future titrations. Here we present a large cohort of patients undergoing right unilateral UBP
titration. For reasons that are not entirely clear, two titration paradigms emerged in the
clinical practice. At the beginning of the study period a range of titrations were explored,;
later a switch occurred and 19.2 mC became the usual starting dose for the titration. This
provides a natural experiment allowing for comparisons between the two time periods.

Population and Setting

This was a single center retrospective cohort study of patient receiving an index course of
right unilateral UBP ECT (defined as a pulse width of 0.3 or 0.37 ms) at a freestanding
academic psychiatric hospital during the study period of June 2005 to June 2017. Patients
were excluded from the study population if they were known to have had prior ECT at any
point in their life, if their ECT course used brief pulse or bilateral treatments, if they were
younger than 18, or if they did not undergo dose titration on their first treatment. This chart
review study was approved by the Partners Healthcare Institutional Review Board.

Treatment procedure

All patients received ECT using a Mecta Spectrum 5000Q (Tualatin, OR). All unilateral
treatments utilized the D’Elia placement. As part of routine clinical practice for all twelve
psychiatrists in the ECT group during the study period, seizure threshold was determined by
dose titration for the first treatment. From 2005 through October 2010, a range of starting
doses and titration steps were used at the discretion of the treating psychiatrist. Around this
time an informal consensus emerged among treating psychiatrists setting the default starting
dose for titrations at 19.2 mC (pulse width 0.3 ms, frequency 20 Hz, amplitude 800 mA,
duration 2 s), with subsequent steps of the titration doubling duration according to the
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MECTA ultrabrief titration tables (step 2: 4s, 38.4 mC; step 3: 8s, 76.8 mC). Subsequent
treatments were then targeted at 6x seizure threshold based on the MECTA ultrabrief tables.
Generally methohexital was used as the anesthetic agent, but etomidate, propofol, or
ketamine were used at the discretion of the treating psychiatrist or anesthesiologist.
Succinylcholine was used as the muscle relaxant. Seizure presence and duration were
determined based on two lead frontomastoid or bifrontal EEG and by observing motor
response using the “cuff method” of inflating a BP cuff on one calf prior to muscle relaxant
administration. If a seizure was ongoing at 120 seconds, propofol was given.

Data Extraction

During the study period, the ECT service maintained two record sources: paper records,
which included details of ECT consults, consents, and procedure notes, and a separate
electronic medical record containing the ECT treatment parameters and anesthesia
medications and doses used. Data for this analysis is extracted from the electronic medical
record.

Statistical Analysis

Results

Analysis were completed using R (v 3.6.2, Vienna, Austria) and Prism (v 8.2.1, San Diego
CA). Differences in the means of continuous variables were assessed using two-sided t-tests.
Differences in categorical variables were assessed using a chi-square test.

During the study period 3,416 patients had a first ECT treatment at the study site. Of these,
776 had right unilateral brief pulse and 146 had bilateral electrode placement for the initial
treatment. Of those receiving right unilateral ultrabrief treatments, 134 had previously
received ECT at a different hospital, 31 were under age 18, and 1 did not receive a dose
titration due to medical complications, leaving a total of 2,328 patients who met the
inclusion criteria. Of these, 983 (42.2%) were male, and the mean age at the time of titration
was 45.4. Gender breakdown was not different in the pre-2010 and post-2010 periods,
although the later sample was older (mean age 42.0 pre-2010 and 46.4 post-2010,
P<0.0001). Demographics and cohort characteristics are shown in Table 1, with breakdowns
of pre-Oct 2010 treatments and post-Oct 2010 treatments. Overall the median dose resulting
in a seizure was 19.2 mC, with a mean of 21.82 mC. The amount of charge applied to reach
a seizure was significantly less in the pre-2010 period than afterwards (mean of 18.73 mC
vs. 22.72 mC, p<0.0001; median for both groups 19.2 mC). In total 166 patients (7.1%)
seized at a dose of less than 19.2 mC, 1,922 (82.6%) seized at a dose of 19.2 mC, and 240
(10.3%) seized at a dose of greater than 19.2. A histogram of doses is shown in Figure 1,
with a breakdown of pre-Oct 2010 treatments and post-Oct 2010 treatments. Prior to the
protocol change 28.2% of patients seized at a dose of less than 19.2 mC, while afterwards
only 1.0% did.

Looking at age vs. charge distributions, those patients who were treated at <19.2 mC and at
19.2 mC have similar age distributions, with patients treated at >19.2 mC skewing towards
older patients (Figure 2). Mean ages for the three charge ranges are 38.9+£13.4 yrs (<19.2
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mC), 45.1+16.2 yrs (19.2 mC), and 52.3+13.6 yrs (>19.2 mC). In the post-2010 epoch,
virtually all of the patients treated at doses less than the standard 19.2 mC were younger
patients.

EEG seizure duration differed for the three charge bins (Figure 3), with mean seizure
durations of 69.2+32.4 sec (<19.2 mC), 78.5+£37.3 sec (19.2 mC), and 62.9+30.9 sec (>19.2
mC).

Discussion

Our study of ECT dose titration in 2,328 patients receiving an index course of right
unilateral ultrabrief pulse treatments is the largest cohort ever reported for this modality. An
informal change in our clinical protocol in the year 2010 without change in ECT machine,
anesthesia protocol, or clinical staff provides a valuable natural experiment, allowing for
analysis of patient treatment before and after the policy change.

The patients before and after the 2010 protocol change are similar in gender breakdown,
although the later patients are on average 4.4 years older, a difference made up by an
increase in the proportion of patients older than 50 rather than by a decrease in patients
younger than 35. The key effect was to eliminate the lowest dose step in the titration
protocol for most patients, with an increase the average charge applied to reach a seizure
from a mean of 18.73 mC to 22.72 mC. Consistent with this, the proportion of patients who
seized at a dose of less than 19.2 mC dropped from 28.2% to 1.0%. This was partially offset
by a decrease in the number of patients who seized at a dose greater than 19.2 mC from
12.6% t0 9.7%.

Due to the charting method in use during the study period, where only the final dose used to
achieve a seizure was recorded in the electronic record, we are unable to assess
systematically the number of subthreshold stimuli each patient received prior to the stimulus
that did produce an adequate seizure. As a result, the recorded doses listed here do not
represent the seizure thresholds of the patients, as the true threshold could be lower than the
stimulus applied. This is particularly true in the pre-Oct 2010 period, when there was less
consistency in titration schedules: it is unclear if patients who received particularly high
stimulus doses did so because lower doses were unsuccessful or because the treating
psychiatrist chose a higher than normal dose as a result of a clinical factor when the patient
could potentially have been successfully treated at a lower dose. It is likely that some of the
patients with seizure thresholds >19.2 in the pre-2010 era could have been treated at a lower
dose, as fewer patients in the post-2010 era required doses higher than the default 19.2 mC.
Likewise, a significant fraction of the patients treated at 19.2 mC in the post-2010 era
potentially could have seized at a lower dose, as happened prior to the policy change. Put
together, this evidence suggests that the true mean seizure threshold of this group may be
even lower than the 18.73 mC observed for the earlier treatment period.

Multiple prior prospective studies have reported seizure thresholds for patients using a
variety of dosing protocols (Table 2). Most of these are small, single-center trials. This study
includes nearly three times as many patients as all prior trials put together, and the median
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applied charge to induce a seizure of 21.82 mC is lower than all but one previous trial. The
next largest study is the PRIDE trial of Kellner et a/,13 in which 240 geriatric patients
received right unilateral ultrabrief pluse ECT with titrations starting at a MECTA dose of 24
mC or the Thymatron 5% dose (24.8 mC). This study found a seizure threshold of 30.5 mC,
with 84% of patients seized at the lowest step of the titration, implying that some may have
had true seizure thresholds less than this. Galvez et a/. report combined analyses of multiple
trials totaling 179 patients, where seizure threshold was titrated beginning at lower doses
(9.6 mC for MECTA, 2% or 10 mC for Thymatron).}! The authors conduct a multiple
regression analysis of factors predicting seizure threshold in their sample, and recommend
that initial titration steps be at 10 mC for patients younger than age 40, and 20 mC for
patients older than this. Their sample and the one reported here are similar in mean age and
gender breakdown, and it is unclear why fewer patients in their sample had seizures at the
lowest doses although factors such as anesthetic (thiopentone and propofol in the Galvez et
al. study vs methohexital here) and concomitant medications may play a role.

Our results suggest that average seizure thresholds may be lower than previously believed,
and that a significant fraction of patients (at least 28%) may have seizure thresholds lower
than the 19.2 mC second step of the MECTA UBP titration tables. Although none of the
patients in our sample were treated with the 900 mA current of the Thymatron device, which
one study indicates may be more efficient for producing seizures,1 our results likewise
suggest that the often-used 5% charge threshold (corresponding to a dose of 24.8 mC) is
suprathreshold for many patients.

As much of the trial evidence for dosing of ultrabrief unilateral ECT comes from studies that
used dose titration procedures that may result in overestimation of seizure threshold, it is
reasonable to consider the concept of dose in ECT and how it may affect efficacy. In
particular, a trial of brief pulse ECT suggest that fixed high-dose treatments may have
greater efficacy than titrated treatments, albeit with greater cognitive costs.14 As standard
titration steps are spaced in multiples of two, a reduction in titrated seizure threshold by one
step represents a 50% reduction in charge. If lower starting dose titrations for UBP ECT
were to become the norm, it is likely that a significant fraction of patients will be treated
with lower final doses which more accurately represent e.g. 6x seizure threshold.
Subsequent studies will need to determine whether this changes efficacy and cognitive
outcomes. Likewise some existing studies attempting consistent treatment at multiples of
seizure threshold may have masked variability in dosing, with subpopulations actually dosed
at twice the multiple of the rest of the sample due to erroneous seizure threshold
determination.15 It may be that some patients require greater dosing than 6x seizure
threshold, and some patients may actually have received 12x seizure threshold or more in
existing trials. Furthermore, if most seizure thresholds are similar, the process of titration
may expose patients to unnecessary subtherapeutic doses without gaining meaningful new
information for most patients.16:17 While one study suggests that even a low intensity first
stimulus may be clinically effective,18 this requires further study.

Notable limitations of this study include its retrospective observational nature. In particular,
the lack of information about subthreshold stimuli or the number of titration steps applied to
reach a seizure makes it impossible to accurately assess the true seizure thresholds of
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patients. In addition, our electronic ECT treatment records were not linked systematically to
the patient’s general medical record, so we are unable to assess concomitant medications or
medical conditions which may influence seizure threshold. This limitation has been
corrected in our new electronic medical record that came into use at the end of the study
period, which integrates ECT record into the patient’s overall chart and in which all
subthreshold stimuli are routinely recorded. Additionally, while the use of consistent
anesthesia methods and ECT machines allows for comparisons across time, it does not allow
assessment of the effects of these variables on seizure threshold. Furthermore, treatment
outcomes and cognitive side effect profile were not systematically collected for members of
the cohort, so we are unable to assess whether the higher average dose applied after October
2010 affected the efficacy or tolerability of treatment.

Conclusions

In conclusion, this study reports a cohort of 2,328 patients receiving right unilateral UBP
ECT dose titration over a 12-year period. The median stimulus dose resulting in a seizure
was 21.82 + 21.61 mC, lower than reported in previous smaller-scale studies. These results
suggest that studies using dose titrations which start at doses above ~10 mC may
overestimate the seizure thresholds. Further research is needed to prospectively characterize
potential benefits of dose titration, and whether these benefits exceed the risks of the dose
finding treatment itself.
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Figure 1:
histogram of energy applied to induce a seizure. Top: overall sample. Middle: sample prior

to Oct 2010, when dose titration was determined by the treating psychiatrist. Bottom: sample
after October 2010 with a consensus starting dose of 19.2 mC. Charges are binned into less
than 19.2 mC (red), 19.2 mC (blue), and greater than 19.2 mC (orange)
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Figure 2:
Distribution of patient age by charge level visualized using kernel density estimation. Those

who had a seizure at < 19.2 mC (red); at 19.2 mC (blue); at > 19.2 mC (orange).
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Figure 3:
Distribution of EEG seizure duration by charge level visualized using kernel density

estimation. Stimulus < 19.2 mC (red), 19.2 mC (blue), > 19.2 mC (orange).
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Table 1:

Cohort demographics, overall and broken down before and after the informal Oct 2010 dosing consensus. P
values are for difference between the pre- and post-Oct 2010 groups.
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Overall pre-Oct 2010  post-Oct 2010 P value (prevs. post)
n 2,328 525 1,803
Sex =Male (%) 983 (42.2) 207 (39.4) 776 (43.0) 0.14 (X3)
Age (yrs; mean (SD))  45.38 (15.98)  42.01 (13.40)  46.37 (16.54) <0.0001 (t-test)
Charge (mC; mean (SD)) 21.82 (21.61) 18.73(8.99) 22.72 (24.00) 0.0002 (t-test)
Seizure Duration (sec; mean (SD))  76.19 (36.65) 66.57 (30.49)  79.00 (37.82) <0.0001 (t-test)
Apnesthesia Type (%)
Ketamine 1 (0.0) 0(0.0) 1(0.1)
Etomidate 3 (0.1) 3(0.6) 0(0.0)
Methohexital 2,250 (99.5) 510 (98.8) 1,740 ( 99.7)
Propofol 6 (0.3) 3(0.6) 3(0.2)
Charge (%)
<192mC 166 (7.1) 148 ( 28.2) 18 (1.0)
192mC 1,922 (82.6) 311(59.2) 1,611 (89.4)
>19.2mC 240 (10.3) 66 ( 12.6) 174 (9.7)
Age (%)
<35 694(29.8) 169 (32.2) 525 (29.1)
35-50 685 (29.4) 195 ( 37.1) 490 (27.2)
>50 949 (40.8) 161 (30.7) 788 (43.7)
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