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1 | INTRODUCTION

Electroconvulsive therapy (ECT) has been used as an effective
treatment modality for psychiatric disorders, including depression
and treatment-resistant schizophrenia. However, we often expe-
rience cases in which brief pulse ECT, with the maximum dose of
Thymatron®, fails to induce effective seizures. The problem of these
“difficult to treat” cases is more serious in some countries, including
Japan, where the maximum stimulation dose of Thymatron® is limited
to 504 mC. In such patients with high seizure thresholds, augmenta-
tion strategies are considered, including changing anesthetic agents,
hyperventilation, premedication with theophylline, and so on.!

In addition to the abovementioned seizure augmentation meth-
ods, modification of stimulus parameters has recently been pro-
posed. Lower frequency, longer stimulation time? and shorter pulse
width®* are thought to be advantageous factors for seizure induc-

tion. Ravishankar et al reported a case in which effective seizure

Electroconvulsive therapy (ECT) has been used as an effective treatment modality for
psychiatric disorders. In patients with high seizure thresholds, augmentation strate-
gies are considered such as changing anesthetic agents, hyperventilation, and pre-
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equately with standard ECT. In the current situation in cases in which brief pulse ECT,
with the maximum dose did not lead to effective seizures, “long” brief pulse waves

may be a promising option.

“long” brief pulse waves, electroconvulsive therapy, seizure thresholds, thymatron

induction was achieved by decreasing the pulse frequency and in-
creasing the duration of stimulation while using the same amount
of electrical stimulation in a patient with no or inadequate seizures.’
On the other hand, Inomata et al reported that seizures could be
induced by extending the pulse width to 1 ms or 1.5 ms in patients
who could not be induced by 100% dose with low 0.5 and low 0.25
regimens of Thymatron®.6 Kawashima et al also found improvements
in the seizure waveform by lengthening the pulse width.” Here, we
report six cases of successful switching to “long” brief pulse (1.5 ms)
wave therapy in patients in whom no seizures were induced by stan-
dard brief pulse ECT with a 0.5 ms pulse width.

2 | METHODS

This case-series study was approved by the Ethics Committee of

Hirosaki-Aiseikai Hospital. Written informed consent was obtained
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from each patient. The subjects were six individuals with treatment-
resistant schizophrenia or major depressive disorder (Table 1). A
Thymatron® System IV (Somatics LLC) and the LOW 0.5 program
were used in accordance with the manufacturer's instructions. The
minimum duration for an adequate seizure was 15 seconds in the
electroencephalogram record of the Thymatron® stimulator. These
patients were unresponsive to appropriate and sufficient amounts
of medication and had been treated with standard modified ECT,
who did not develop adequate seizures with 504 millicoulombs (mC)
bilateral electrical stimulation, which gradually failed to produce
therapeutic seizures. All patients underwent ECT with small doses
of anesthesia and hyperventilation. Some were treated with addi-

tional theophylline 250 mg, but all failed to induce effective seizures.

3 | RESULTS

We tried to switch to “long (1.5 ms)” brief pulse ECT in all six patients
from October 2020. In the first session, effective seizures were
obtained in all patients, without serious adverse effects (Table 1).
Seizure duration measured by EEG and EMG were both prolonged
with “long” brief pulse electroconvulsive therapy (Figure 1). In the
subsequent treatment, five patients continued to undergo successful

“long” brief pulse ECT. However, in patient 4, effective seizures were
not obtained in the next treatment. No cognitive impairment or

other adverse events were observed in any patient after the switch.

4 | DISCUSSION

The main finding was the successful induction of effective sei-
zures with “long” brief pulse stimulation in five of six patients who
could not be treated with adequately standard ECT. In general,
shorter pulse widths have lower seizure thresholds. Notably, the
effectiveness of long brief pulse stimulation may be attributable
to differences in the areas that were depolarized,® and longer
pulse widths could stimulate a wider range of brain areas (com-
puter simulation).?

Although Swartz and Manly4 concluded that a 0.5 msec pulse
width is more efficient than a 1 msec pulse width, there has been
some case reports with effective seizures due to lengthening pulse
width.®” Inomata et al used the pulse width fixed at 0.5 ms for a
35-year-old schizophrenia patients at first, but this failed to induce
seizure at the maximum dose of electrical charge (504 milicou-
lomb).® They then changed pulse width fixed at 0.25 ms, but this did
not induce seizure, either. They then changed pulse width settings

TABLE 1 Patient characteristics and ECT parameters in six patients switched from brief pulse ECT to “Long” brief pulse ECT

Casel Case 2
Age (y) 66 39
Sex (M/F) M M
Diagnosis schizophrenia schizophrenia
Duration of illness (y) 37 23

Before “Long” brief pulse ECT

Additional treatment Theophylline
250mg
Pulse Width (mSec) 0.5 0.5
%Energy Set (%) 100 100
Stimulus Duration (sec) 8.0 8.0
Frequency (Hz) 70 70
EEG Endpoint (Sec) 19 0
EMG Endpoint (Sec) N/A 0
Postictal Suppression Index (%) 89.5 N/A
Maximum Sustained Coherence (%) 96.4 N/A
After “Long” brief pulse ECT
Pulse Width (mSec) 1.5 1.5
%Energy Set (%) 100 100
Stimulus Duration (sec) 2.7 6.2
Frequency (Hz) 70 30
EEG Endpoint (Sec) 61 19
EMG Endpoint (Sec) 35 18
Postictal Suppression Index (%) 73 97

Maximum Sustained Coherence (%) 99 99

Case 3 Case 4 Case 5 Case 6
55 68 72 56
M M M M
schizophrenia schizophrenia depression schizophrenia
29 51 10 12

Theophylline Theophylline

250mg 250mg

0.5 0.5 0.25 0.5
100 100 100 100
8.0 8.0 8.0 8.0
70 70 140 70
26 0 0 0
20 12 10 0
81.5 N/A N/A 96.7
92.5 N/A 70.4 N/A
1.5 1.5 1.5 1.5
100 100 100 100
6.2 2.7 2.7 4.7
30 70 70 40
58 79 45 35
35 36 39 26
93 75 89 97
99 98 98 100
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to 1.0 ms, which successfully induced seizure with the desirable
waveform and of sufficient duration. For the remainder of the
treatment, they administered ECT, decreasing the electrical charge
to avoid side-effects. At the 1.0 ms pulse width, they achieved
desirable seizures with 60 percent of the maximal charge. At the
1.5 ms pulse width, they succeeded in inducing seizure at 40 per-
cent of the maximal charge. Kawashima et al used the pulse width
fixed at 0.5 ms for two elderly depressive patients at first.” Seizure
induction failed and they attempted to adjust the pulse width to
1.25 msec or 1.5 msec, which seizure induction was successful.

In the current situation in which brief pulse ECT, with the max-
imum dose did not lead to effective seizures, “long” brief pulse
waves may be a promising option. However, the efficacy and safety
of this method has not yet been completely confirmed; therefore,
clinical trials with a large number of patients are needed. It is also
necessary to examine what kind of frequency and stimulus dura-
tion settings with “long” brief pulse waves can produce optimal
outcome.

5 | CONCLUSION

This study suggests the successful induction of effective seizures
with “long” brief pulse stimulation in five of six cases in which brief
pulse ECT, with the maximum dose did not lead to effective seizures.
However, the efficacy and safety of this method has not yet been
completely confirmed; therefore, clinical trials with a large number
of patients are needed.
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