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Abstract: Inducing adequate therapeutic seizures during electroconvulsive therapy (ECT) 

is sometimes difficult due to a high seizure threshold, even at the maximum stimulus charge. 

Previous studies have demonstrated that seizure threshold is lower in patients treated with right 

unilateral ultrabrief pulse (RUL-UBP) ECT than in those treated with bilateral or brief pulse 

(BL-BP) ECT. Therefore, switching to RUL-UBP ECT may be beneficial for patients in whom 

seizure induction is difficult with conventional ECT. In the present report, we discuss the case of 

a patient suffering from catatonic schizophrenia in whom BL-BP ECT failed to induce seizures 

at the maximum charge. However, RUL-UBP ECT successfully elicited therapeutic seizures 

and enabled the patient to achieve complete remission. This case illustrates that, along with 

other augmentation strategies, RUL-UBP ECT represents an alternative for seizure induction 

in clinical practice.
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Introduction
Electroconvulsive therapy (ECT) is a highly effective treatment for mood disorders, 

schizophrenia, and other psychiatric disorders.1–3 To ensure good clinical outcomes 

following ECT, adequate therapeutic seizures must be induced using a stimulus 

intensity that appropriately exceeds seizure threshold (ST).4–6 However, failure to 

elicit adequate therapeutic seizures is not uncommon, even at the maximum stimulus 

charge of the device, due to a high ST. In such cases, augmentation strategies includ-

ing hyperventilation and reducing or changing anesthetic agents are often applied in 

clinical settings.7 However, there is a compelling need for further strategies.

One such strategy may involve the adjustment of stimulus parameters. Indeed, 

ST varies depending on stimulus parameters such as pulse width and electrode place-

ment. Previous studies have demonstrated that ST is lower in patients treated via right 

unilateral ultrabrief pulse (RUL-UBP) ECT than in those treated via bilateral or brief 

pulse (BL-BP) ECT.8 Therefore, switching to RUL-UBP ECT may be beneficial for 

patients in whom seizure induction is difficult with conventional ECT.

In this report, we discuss the case of a patient suffering from catatonic schizophrenia 

in whom BL-BP ECT failed to induce therapeutic seizures at the maximum charge, 

while RUL-UBP ECT successfully elicited therapeutic seizures. Following the switch 

to RUL-UBP ECT, the patient achieved complete remission.
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Case report
A 41-year-old man was admitted to our institution with acute 

exacerbation of schizophrenia, which was accompanied by 

disorganized behavior and psychomotor excitation. Shortly 

after admission, he developed catatonic stupor: his extremi-

ties were severely rigid, and he was verbally unresponsive. 

He had a history of two catatonic episodes that had occurred 

1 and 3 years prior to admission, respectively. On both occa-

sions, diazepam (40–60 mg/d) was ineffective, although he 

had attained remission after four sessions of BL-BP ECT 

using a Thymatron System IV (Somatics LLC, Lake Bluff, 

IL, USA). Therefore, we chose to start an ECT course shortly 

after completing a pre-ECT workup. Informed consent for 

treatment was obtained from his mother. He had taken 

quetiapine (600 mg/d) for 3 years, and the medication was 

continued orally or through a tube during admission. ECT 

was administered twice weekly using the same ECT device, 

with bitemporal electrode placement.

In the first session, anesthesia was induced using 125 mg of 

thiamylal (2 mg/kg), just as in the previous successful course 

of ECT, although we were unable to induce a seizure with 

stimulus settings of 55% (277.2 mC) and 90% (453.6 mC) 

using bitemporal electrode placement and the preset Low 

0.5 program (0.5 ms pulse width). In the following session, 

we reduced the dose of thiamylal to 50 mg (0.8 mg/kg) and 

added 100 μg (1.6 μg/kg) of remifentanil. However, stimulus 

levels of 90%–100% (504 mC) were unable to elicit thera-

peutic generalized seizures. Although such stimulus levels 

produced mid-to-high-amplitude slow waves and apparent 

postictal suppression in the ictal electroencephalogram (EEG), 

neither motor seizures nor cardiovascular responses were 

observed (Figure 1). Following the first session, the patient 

developed aspiration pneumonia because of persistent 

catatonic dysphagia. The patient was switched from que-

tiapine to olanzapine (gradually increased from 5 to 20 mg) 

after the fifth session and received intravenous diazepam 

(60–80 mg/d) for 4 days after the seventh session, both of 

which failed to alleviate his catatonic symptoms. In the eighth 

session, flumazenil (0.5 mg) was administered at the induc-

tion of anesthesia to antagonize the anticonvulsant effect of 

diazepam. However, the seizure responses remained inad-

equate, and he exhibited no clinical improvement.

In the eleventh session, we switched to RUL-UBP ECT 

using the Low 0.25 program (0.25 ms pulse width) and 

titrated the stimulus dose from 5% (in increments of 5%) to 

determine the ST. A stimulus level of 15% enabled the induc-

tion of seizure activity, which involved tonic-clonic motor 

responses and was associated with low-to-mid-amplitude 

slow waves on EEG (Figure 2). In the subsequent sessions, 

the stimulus was increased to 100% (~6.7 times the ST), 

which produced adequate therapeutic seizures associated 

with high-amplitude slow waves and postictal suppression 

on the ictal EEGs (Figure 3). The patient exhibited clinical 

improvement: after the 14th session, he regained the abil-

ity to speak (albeit haltingly), which revealed the existence 

of hallucinations and delusions, and after the 15th session, 

he recovered the ability to eat. He eventually achieved 

complete remission, and the ECT course was terminated at 

the twenty-first session. He experienced muscle weakness 

in the lower extremities and went to a rehabilitation clinic 

following discharge. He remained in remission with 10 mg 

of olanzapine. Written informed consent was obtained from 

Figure 1 an inadequate response in the ninth session (bilateral brief pulse eCT, Low 0.5, 100%), in which no motor seizure was observed, and the peak heart rate did not 
increase from the baseline. 
Notes: EEG in channels 1 and 2, EMG in channel 3, and ECG in channel 4. The standard fronto-mastoid EEG electrode placements were used. The gain of the EEG amplifiers 
was set at 200 μV/cm, and the gain of the EMG and ECG amplifiers was set at 1,000 μV/cm.
Abbreviations: eCG, electrocardiogram; eCT, electroconvulsive therapy; eeG, electroencephalogram; eMG, electromyogram.
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the patient for publication of this case report and any accom-

panying images.

Discussion
To the best of our knowledge, this report is the first to show 

that switching from conventional to RUL-UBP ECT is 

effective for patients in whom seizure induction is difficult. 

While RUL-UBP ECT is an emerging treatment option with 

evidence of reduced cognitive side effects, it is assumed to 

be less effective and to require more treatment sessions than 

conventional ECT.9 It is noteworthy that, in the present case, 

this “weaker” form of ECT surpassed BL-BP ECT in clinical 

efficacy, taking advantage of the lower ST.

Sackeim et al8 demonstrated that initial ST is approxi-

mately three times higher in patients treated with BP 

(1.5 ms pulse width) than in those treated with UBP (0.3 ms 

Figure 2 successful seizure induction following the third stimulation of the eleventh session (right unilateral ultrabrief pulse eCT, Low 0.25, 15%), in which a tonic-clonic 
motor seizure was first observed. 
Notes: EEG in channels 1 and 2, EMG in channel 3, and ECG in channel 4. The standard frontomastoid EEG electrode placements were used. The gain of the EEG amplifiers 
was set at 200 μV/cm, and the gain of the EMG and ECG amplifiers was set at 1,000 μV/cm.
Abbreviations: eCG, electrocardiogram; eCT, electroconvulsive therapy; eeG, electroencephalogram; eMG, electromyogram.

Figure 3 an adequate therapeutic seizure in the 16th session (right unilateral ultrabrief pulse eCT, Low 0.25, 100%), which was associated with high-amplitude slow waves 
and postictal suppression on the ictal electroencephalogram. 
Notes: EEG in channels 1 and 2, EMG in channel 3, and ECG in channel 4. The standard frontomastoid EEG electrode placements were used. The gain of the EEG amplifiers 
was set at 200 μV/cm, and the gain of the EMG and ECG amplifiers was set at 1,000 μV/cm.
Abbreviations: eCG, electrocardiogram; eCT, electroconvulsive therapy; eeG, electroencephalogram; eMG, electromyogram.
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pulse width), and approximately two times higher in patients 

treated with BL than in those treated with RUL ECT. In fact, 

the ST of RUL-UBP ECT is roughly one-sixth of that of 

BL-BP ECT. Therefore, these findings indicate that seizure 

induction should be possible in most patients treated using 

RUL-UBP, even if the ST of conventional ECT exceeds the 

maximum output of ECT devices.

However, an adequate suprathreshold stimulus is 

important for ensuring clinical efficacy, not merely seizure 

induction. The commonly recommended stimulus intensity 

is 1.5–2.5 times the ST for BL-BP ECT, and 2.5–6 times the 

ST for right unilateral brief pulse ECT.3 Although the optimal 

stimulus intensity for RUL-UBP ECT has not been specified, 

recent studies have generally used an intensity five to eight 

times the ST.9 Fortunately, in the present case, we were able 

to elicit a seizure using a 15% stimulus charge by switching to 

RUL-UBP ECT, following which we administered more than 

six times the ST. If the ST during RUL-UBP ECT had been 

more than 20% stimulus charge, even the maximum stimulus 

charge would have been less than five times the ST, which 

may have been inadequate. Although this was our concern 

when considering this strategy, we believed that this result 

would be preferable to a missed (ie, nongeneralized) seizure, 

even if the stimulus charge was lower than the recommended 

dose. Although low-dose RUL ECT is less effective than 

high-dose treatment, there are indeed some responders.8 

Therefore, our findings indicate that RUL-UBP ECT repre-

sents a promising strategy when practitioners cannot induce 

seizures using conventional ECT, even if the initial ST is 

relatively high.

The patient of the present case required 10 treatment 

sessions to achieve complete remission after switching to 

RUL-UBP ECT, although he required only four sessions 

in the previous courses when BL-BP ECT was used. This 

finding seems in accordance with the results of a recent meta-

analysis, which concluded that RUL-UBP ECT required 

more treatment sessions than RUL-BP in depressed patients.9 

When applying this strategy, practitioners should remain 

aware of the possibility of a relatively slow response.

Conclusion
Switching to RUL-UBP ECT played a critical role in the 

present case, as successful treatment could not have been 

achieved without the adoption of this strategy. While RUL-

UBP ECT has gained recent attention solely because of its 

cognitive advantages, the present case demonstrates that 

its low ST is also beneficial for patients in whom seizure 

induction has proven difficult. Our findings illustrate that, 

along with other augmentation strategies, RUL-UBP ECT 

represents an alternative for seizure induction that is worthy 

of further investigation.
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