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A case of schizophrenia successfully treated by m-ECT using ‘long’ brief pulse

Hiroaki Inomata

Department of Psychiatry, Tokyo Metropolitan Matsuzawa Hospital

Abstract: Modified-Electroconvulsive Therapy (m-ECT) is administered for the treatment of various psychiatric
disorders. The Seizure Generalization Hypothesis holds that propagation of the induced seizure throughout the
whole brain is essential for the effective ECT intervention. However, we encounter many clinical cases where, due
to high thresholds, seizure is not induced by the maximum dose of electric charge. Some studies have indicated
that the ultrabrief pulse method, in which pulse width is less than 0.3millisecond (ms), is more effective at
inducing seizure than conventional brief pulse (0.5ms-2.0ms). Contrary to the studies, we experienced a case of
schizophrenia in which m-ECT with 1.0 and 1.5 ms width pulse (referred to as ‘long’ brief pulse as 0.5ms width
pulse is the default in Japan) succeeded in inducing seizure, whereas ultrabrief pulse failed to induce seizure. This
case is described in detail. Moreover, we discuss requirement specification of a next generation ECT system.
Keywords: ECT, pulse width, schizophrenia
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STRENGTH-DURATION PROPERTIES OF CENTRAL AXONS
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A case of schizophrenia successfully treated
by m-ECT using 'long’ brief pulse

Hiroaki Inomata, Hirohiko Harima, Masanari ltokawa

Abstract

Introduction:

Modified-Electroconvulsive Therapy (m-ECT) is administered for the treatment of various psychiatric
disorders. The Seizure Generalization Hypothesis holds that propagation of the induced seizure
throughout the entire brain is essential for effective ECT intervention. However, there are many
clinical cases where, due to high thresholds, seizure is not induced by the maximum dose of
electrical charge. Several studies have indicated that the ultrabrief pulse method, in which the pulse
width is less than 0.5 millisecond (ms), is more effective for inducing seizures than the conventional
brief pulse (0.5-2.0 ms).

Case Report:

A 35-year-old Japanese male schizophrenic with psychomotor excitement was admitted to our
hospital. In a series of m-ECT interventions, trials with 1.0 and 1.5 ms width pulses (referred to as
'long' brief pulse as 0.5 ms width pulse is the default in Japan) succeeded in inducing seizures,



whereas the ultrabrief pulse failed.

Conclusion:

This case suggests that seizure threshold depends on pulse width. We speculate that in our patient
the strength-duration curve involved in ECT-induced seizures might be right-shifted resulting in
prolonged chronaxie to about 1.0 ms. Therefore, in cases where neither the default width pulse nor
the ultrabrief pulse induces seizures, patients should be considered for treatment using a wider
width pulse.



INTRODUCTION

INTORODUCTION

Electroconvulsive therapy (ECT) is psychiatric therapeutic procedure by the yse of electricity-
induced seizures. It was started in 1930's and had been a main therapeutic techinique in psychiatric
field unitl aintipsychotic drugs emerged. In addition to the advent of drug therapy, thical problem in
the appearance and the side-effects, which include bone fracture by the convulsion and memory-
loss by the over-dosed electricity, reduced the administarations of this therapy. In the famous movie
"One Flew Over the Cuckoo's Nest", ECT is described as a tourture device for patients. However,
ECT has been revalued by the introduction of anesthetic techniques, for example, induction drugs
to relieve the patientt's scared feelings and muscle relaxants for preventing the limbs and body
convulsions and the development of pulse-wave ECT device that can control the dose of charge to
be given to the patients. Specifically, this new modality using a muscle relaxant is reffered to as
'modified' ECT (m-ECT).

Nowadays, m-ECT is administered for the treatment of various psychiatric disorders ,especially,
drug-resistive severe depression and schizophrenia with abrupt onset of psychotic symptons [1].
Many studies in literature and clinical observations suggest that propagation of induced through the
entire brain and the sezure lasting for enough time (25 seconds at minimum as is often
recommented) is essential for effective ECT intervention. This evidence is summarized into 'The
Seizure Generalization Hypothesis' [2]. However, there are many clinical cases where, due to high
thresholds, seizure is not induced by the maximum dose of electrical charge. In these cases, the
following procedures are considered options for inducing seizure; (i) using the older method of sine-
wave ECT (ii) promoting hyperventilation in patients [3] (iii) using anesthetic agents such as
ketamine with ECT [3]. However, these are not standard methods as sine-wave ECT induces more
severe side effects than pulse-wave ECT, and not all anesthesiologists are fully trained in the latter
two procedures.

Recently randomized control trials focusing on pulse width have been conducted [4, 5]. Sackeim
et al [4] reported that the ultrabrief pulse method, in which pulse width is less than 0.3millisecond
(ms), induces more therapeutic effects and fewer side effects and requires less electrical charge to
induce seizure compared to conventional brief pulse (1.5ms).

It could be predicted then that the ultrabrief pulse would be more effective in inducing seizure in
patients with high thresholds. Contrary to this, we experienced a case of schizophrenia in which m-
ECT with 1.0 and 1.5ms width pulse (referred to as ‘long’ brief pulses as 0.5ms width pulse is the
defaultindapan) succeeded in inducing seizure, whereas ultrabrief pulse failed. We present this
case in detail and discuss the possible underlying mechanisms.

Written informed consent was obtained from the patient and his wife (legal guardian). All personal

information has been anonymized.






CASE REPORT

CASE REPORT

The patient is a 35-year-old schizophrenic Japanese male. His history of iliness started at age 23
with symptoms of auditory hallucinations, persecutory delusions and psychomotor excitement.
Subsequently these symptoms relapsed every one to three years. He was discharged from hospital
three years ago and was being followed as an outpatient. One month ago, he complained to his
doctor that he was ‘being watched by strangers’. The atypical antipsychotic blonanserine and the
mood stabilizer valproate were added to his medication but these produced the persecutory
delusion that the new therapy was part of an experiment instigated by his doctor. He became
aggressive with verbal threats and was admitted to our hospital due to a lack of available beds in
his regular treating hospital.

On admission, he was psychotic and extremely agitated, and needed to be restrained. He initially
refused treatment but eventually agreed to his old treatment regime excluding blonanserine and
valproate. His medical history revealed that medication was of little effect for his relapsed symptoms
while m-ECT was effective, although sine-wave ECT was necessary due to his high threshold.

The presence of brain disease such as tumours was excluded after review of Computed-
Tomography images. ECT treatment was instigated three days post admission. Forthe ECT
interventions, we used a Somatic Thymatron ECT device, placing electrodes in a bitemporal
configuration and administering propofol at 1.0mg/kg as an anesthetic induction and succinylcholin
at 1.0 mg/kg as a muscle relaxant.

Figure 1 shows the clinical course of this patient. In trials 1 to 3, we used a ‘LOW 0.5’ setting, in
which the pulse width is fixed at 0.5ms, but this failed to induce seizure at the maximum dose of
electrical charge (504 milicoulomb). We then changed the Thymatron setting from ‘LOW 0.5’ to
‘LOW 0.25’, with pulse width fixed at 0.25 ms, for trial 4, performed immediately after trial 3.
Contrary to expectations, this did not induce seizure. In trial 5, a setting of ‘LOW 0.5’ succeeded in
inducing 9-second seizure, recognized by EEG and EMG charts. This seizure, however, was
deemed insufficient due to its short duration time. We then changed pulse width settings to 1.0ms
and administered trial 6. This setting successfully induced seizure with the desirable waveform and
of sufficient duration (Fig 2).

For the remainder of the treatment we administered ECT, decreasing the electrical charge to avoid
side effects. At the 1.0ms pulse width, we achieved desirable seizures with 60 percent of the
maximal charge. Atthe 1.5ms pulse width, we succeeded in inducing seizure at 40 percent of the
maximal charge. We stopped ECT treatment after 11 trials as his psychiatric condition had
improved considerably from the day of admission. He was then transferred to a chronic ward and
prepared for discharge.
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Figure 1: Clinical course.



Figure 2: EEG and EMG charts of the 5%, 6™ and 11™ trials.



DISCUSSION

DISCUSSION

For this patient, all trials at -.25ms width pulse failed to induce seizures while 0.5 ms width pulse
was successful only once (in trial 5). It wad likely that falling serum valproate concentrations
enabled seizure induction in trial 5 whereas the same pulse width failed to induce convulsion in the
earlier trials (1 through 3). The 1.0 ms width pulse succeeded in therapeutic seizure with desirable
waveform, while the 1.5 ms width pulse trials induced seizure of unkown clinical effect.

In summary, long brief pulse was more effective for inducing seizure than ultrabrief pulse for this
patient. Taken together with recent RCT studies, this case suggests that seizure threshold depends
on pulse width. However, results are contradictory. In the RCT studies, ultrabrief pulse was more
effective than long brief pulse for inducing seizures but, in this case, the reverse was true.

Recent RCT studies of ultrabrief pulses are based on the electrophysiological fact that the
chronaxie (the most effective pulse width in firing neuron) of neurons in the mammalian central
nervous system lies within 0.1-0.3ms [6]. However, West et al reported that the strength-duration
curve of one-thirds of neurons is right-shifted, even in normal subjects, so that their chronaxie is
prolonged [7]. We speculate that in our patient the strength-duration curve involved in ECT-induced
seizures might be right-shifted resulting in prolonged chronaxie through to about 1.0ms. Figure 3
shows a possible mechanistic explanation for this apparent contradiction. Moreover, this view
accords well with the fact that there is little clinical difference between a 0.25ms and 0.5ms width
pulse [8]. If the strength-duration curve is not right-shifted (in an individual, or where sample size is
such that this can be assumed), then the difference in electrophysiological response produced by a
pulse width of a 0.25ms compared to 0.50ms is negligible relative to the difference in response
between 0.30ms compared to 1.5ms.

Although our hypothesis is likely to bridge clinical usage of ECT and relevant fundamental
research, it is first necessary to confirm whether our observations are limited to this case or are

applicable to a wider group of patients with careful ECT treatment.
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Figure 3: Strength duration curve. Strength duration curve is a
graphic representation of the relationship between the
minimal intensity of an electric pulse for the firing a neuron
and the pulse width. As the pulse width is longer, the intensity
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graph. It is known that the pulse train with chronaxie width
stimulates a neuron most effectively. If the curve is right-
shifted (dotted line), the chronaxie necessarily become
prolonged. (This graph is modified from West et al. [7]).



CONCLUSION

CONCLUSION

This case and recent studies suggest that seizure threshold in pulse-wave ECT depends on the
pulse width. In cases where default conditions fail to induce seizures, consideration should be
given to the use of long brief pulse as a well as ultrabrief pulse.
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“HIFITARTORBRBENBRLTVWEEDTIHRWVWHLT,

BRI > T, NWILZAKRECT ICEAL T/NIVARRISEEBE LEERERN B Zbnd L5 IZa-
72[4,5], Sackeim 5%, #BRE/NIL K (0.5ms LFD/NIILRK) #AWS E. RED/NILRE (
/L RME 1.5ms) TR L YUSHRMAEERIS LN, JYBHEAND AL, LYUDPRVWESR
ETHVWNARIOEBIINEZEETRLE,

DI EMNL, TVWNABREOEWERETHEBE/NIIVNRAZAVNIEITVWNAREERKTESZ
ENFRTES, LHrLANS, ZOFEICKRL. bbhhiEBRE/NIVATIRITWHARIEER
INT, 1.0ms & 1.5ms THVWNARIPEZERINBEEKAEREO—HIE#RR L (HEATIKE
0.5ms D/NVREBENT 74— IV MRDT, THULEDRID/NIVRAZZITIE TRI WILAKREM
A EILT D) o COEFIDFMERETDEEEICIDREDA N IXLEERT B,

BB, RRIEL, BEETOE (REH) 1OoORAEREEE TE >k, FALBEABRICEL
T, EA’BEEINRVWEL D —ERELEE L <.
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BEIRERBEDIBHAAABUETH 27, BOBWIIE. LB, HEEERZ L THEMEEH
ExEHR>TE2IWMTHRE >, TDER. WRIF1-B3FEICEBM L, RIIFFIICH B mEEEH
5BREL., ARBEELT740—-3INTWe, —BRIICKRIEEAEIC RAOSHAICESNT
W3] EFAlz. THRERI EERABHE (7O+rvtYy) EKPLERE (VL 70OR) %21%
EHRBICMALDY, ThHAEBEICL>THBIRDATVERERRIISMIELNTVWE E WD #H
ERRICDORD o7, BWIEWLELEAREZREE L, BOMRICIEEVWTWVWERY RN
bbb ORBRICAR T2 &> 7=,

AR, BEIIBHBHN THYBD TRIBELHZ > TWEOWRT Z2HELNH oL, HM. B
IEREAEGE > TWed, BIEICE>TmAashi7Orre) eV TOBRERYRE TOR
FICRTWO EREICAR L, LHL, BROMEZAEANS &, ERBMREICIEIBRERELLIFE
A EJRDEL, mECT DAD’IRHNTH o=, LEL. BDITULWNABMEIXSW D, T4
VIR ECT "hETH o=,

CT i REINh. BEBEODL D LBRENDEBINRAINL, BIFEALY ECT DEELARFKBL L
o WMEILHIELTIE, YIT1 v IHEDNIVAKEEE (4~ bhOY) ZAWL., EMRIEHEAIEE
MICBW:, FREEAZREE LTFOKRT 7)L1.0mgkg =RV, FtERlE LTy ZiLay v
1.0mg/kg =&AL 7,

BBAZEH1ICRYT, YIEDSBEIBITETEHAIMNAOYDT 74—V FEED FLOWO05 (/X
JLZEIE 0.5ms ICEEINTWS) ] ZAVEKEBEORKRIESESRE (504mC ) THITLAED, F
WHABIRFERIN LD o7, TDLOBIMITOERICE I RbNB4EITTIE FLOW0.25 (
/NLRTE 0.25ms) J ICEREEZZRR LD, FRICRL. THWARIIEFERINW AN >&, BIHE
BICB ZRbh /5O B DT T, TLOW0.5)] REThFEL - HHER L. IWEDITWVWHAR
DFEFREZROEN., TNFITLVNAFREFRIEENMEVWEE R, BROEBOFETTIH/VLRES
1.0ms ICEB L THEIT L, COREZRIF DT WVE, +0RITVhASREREZF>1E
FLWEFEOITWHARDERICKRII L (K2) .

ZDRDEETIE, BIFAZEBIT2-OBREER[EZ TITRN ST L. /YL RIE 1.0ms
TlE. (BRABS5E®D) 60%DESIETEZ LWVWITVNARDERIE SN, /YL XIE 1.5ms
TlE. (RABS5ED) 40%DEXETITVWNARDFERIELNL (H3) ,

BROFBHERITELCHEINTZDT, bhbhIF11EIBDHEITT ECT DBEEZKRT Lz, £
D%, BEIDGERRERDOOEMERRRICKR & 2o 7,
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Admission +10 +20 [day]
WValproate 1000mg I
Blonanserine |5
i)lwﬂpuy_?{}mg ll4|np:.minl27n@ ;::’I_‘_J'sll_i-p.egniqyg:.:i;-mg- ;
(Rher drmgs Zotepine 400ing - Biperidene 3mg  Flunitrazopam Zmg
Trial (1L @ 3 @ £ G il £} )] i i
Day after admission +2 +4 +7 +7 +% +9 +11 +11 +14 +16 +18
Encrgy sei] %] 100 L0 100 100 1 100 1001 80 60 6l 40
Pulse width[msec] 0.5 0.5 0.5 0.25 0.3 1.0 0.25 1.0 1.0 1.5 1.5
Fr'(squ&tl(:yle] 70 70 0 140 70 70 140 60 70 0 70
Stimulus durationlsec) 20 8.0 2.0 8.0 &0 4.0 &0 33 24 16 1.1
EEG seizure durationsec] 0 1] 0 0 9 36 0 46 20 36 28
EMG seizure duration[sec] 0 o 0 0 9 31 0 46 16 26 0

Bl 1 &8,
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bhHohOEFIDEE L. EFERMETHY., [IBICEHRRREICESE W > TV, LHb,
HbhibhBEREIR. B ECTICEDLOTLIVWRIBDEZRT I EZH>TW e, b, TDT—2R
TIEBEEE L TMECT ZBIRLAEZEFZYTH LEEZATWVWS,

REFICHWTIE
- 0.25ms /XL R TIRITVWNARBIEFER I AL
- 0.5ms TlE1E (B5HETT) EIFIFTVWhARIIERINE
(ZhiE, 1~3EIEETRIFTVWHARDERICKHBLTWEODT, MEHD/NILTOBDOETICE
2301E35)

- 1.0ms TIEEF LWEFRTITOWHRAREDOFERICKIILTWS
+1.5ms Tid, (BEFLWEFTRERWED) SIRSFTIHENTVIARIIERINTWS
ZENHH B,

FEHBE, FEFITIE, BR/NIVARIY BRIV ZEOHEDITUVNAFZRICIERRNTDH
o>, BEDNDERBRDOEREEER TS E. TOLNABMEIX/NILRBITIREL TWS I EHHEE
INnd, LHMrLAars, BRERTIER/NIIVAREY HBE/NIVEOANTWNARERICE
FTHBZENTINTVWBD, FEFITIE., ZOHDBERICE>TWS,

REDERAR THBE/NVILZENMMFEAINTWSIRILIZ, WIBFEORRFRMEEEECs O -+
— (MREZRANIEZDICHKHIERNDR/NILAME) H01~03ms ICH B & WD EREICLB[6], LH
Lan s, West Hid. ERBREHAHRTH > TH, #HIFHRED 1/3 I strength-duration BI#RAY G I1C
RELTHY, ZDHHI/OFTFI—DPRWMAIKEPTWE I EERELTWB[7],, bhbhik
. AEBIDZHE T ECT DIFVWNARERICEAS L 72X HMAE D strength-duration HIIERHD A A ICR
fILTHY., TOFBR, 70F+F2—DP1.0ms fHEICH > =D TIFBWNAEFELTWS, BB
ARERNEPN TELBHALHLAFEIEX. R3TRLALDIICEZDEDFFHATES, IHIT,
ZDEZAIF. /NILATE0.25ms & 0.5ms TIFBAEBRICIFEAEEDTVWEWVWIIET VR ED
FIE LARW8], ¥ Lstrength-duration BHFRAAH IR L TWRWALIE (HBEETH>TH.
HBEWE, TOEDIRETEZIEFEY Y TIEHA+2A45E) . 0.25ms IZxT 5 0.5ms DESR
2R EDZEIL 0.3ms I T S 1.56ms DENELERBEHETETEHNSR,

bbb DRERIZERKIR ECT OFERAEEAET 2EMMREZBELTSLOQEDICEZZD
CFTEICPLRIThIERLSVWT EIE, DO DORENCDEZFIRSNZEDROMTN
EHIUSKDEBEHICERTEZ2EDROMNELND S I &7, FEFW ECT OREfT% DO AT A
N,
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STRENGTH-DUVRATION PROPERTIES OF CENTRAL AXONS

device's mazimum currant

theobese 2 4o S
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rhesoase 1

: 2;1:':::1:5 e nulsew}dth [ma} Z

Bl 3 strength-duration curve - strength-duration curve |3 ¥5EHRTE H AL I 2D 0E
RERERBOESMEIL FOL EOLABOMEBES S DICELER O TR S, ML E
AR GRERZEY, HEAEEL T EH LB Tw <, ZOEE LS L
v, AW —RAD 2 FOEIOEEOS IOHBLEOL 2RI e PR -TH S, ¥
o & L OEER oL A F S MM RS RE R A ZR A PR ERT B,
LRSS F~REL TS (L3S @3FFELEL T, YotRi—dE iz 7
FEBETTHEDS, (ZOF T 7T Westetal [T] ZTEL =)
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LTW3, 74— N TIHULWNARDPFERINAI > LBEICIE. BE/NIILZRICMAR/NL
ZREDFEREEEINDIRETH B,
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ME, RNFBOBERMAHRATKICA > TWE L, BERRBOZICRY IFHRERETRIN
TVWBEDICHRYDEZBETETHY., AIREZIABTIFBVWEWVWDIDH—ETH D,
AFRE & THEENEIFEVEHWRIET, BFERMICARINEZEDOTHY. FRETAMARY
Hd, EXEDOTEIWCEIIHRAHDDT, FRICNBEFRRA TRV FFELELTHEL,

- £9°. 'long' briefpulse DERTH B H'. MEEH S briefpulse Z5/NILR (GR) EERT DHIES]
ER-THEY., AETIEFRITD ultrabrief pulse IZHBRE/NIL R ERINBIZFEHIZ LN, long brief
pulse #EiRT 2 & TRE/NIVR] &R2H, INEEETHITEBE/SIVR (B&HRAKET)
ERBIB OB ARY, ZZTIE TRAALVR CGR) 1 &L,

- HRHREOESAMNAR I OFTFO =D 05ms [HEICHBDENSL, ThLVUEWNIILRAEER [5E
HANILR] . INFIYRVWEDE TRE/NIVR] ERALIFIAT >XYT B THHD,



