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Summary: From the beginnings of convulsive therapy, the need for some way to
assess the therapeutic adequacy of individual treatments has been apparem Recent
work suggests that seizure Iherancutlc aucauacv and adverse effects are ucpcuucm Ofi

the extent to which the c.tlmulus exceeds the seizure threshold (relative stimulus in-
r.:mmtu\ Annl\unu thig information in clinical I‘)!‘El(..thG is DI’Ol’)lCma[lC because of the

gy S et

vandble rise in me seizure threshoid that takes place over the treatment course. At-

tributes of the ictal electroencephalogram (EEG) show promise for alleviating this

ig as a marker of relative stimulus intensity. Obstacles that need to

bc overcome in order to implement ictal EEG indices as a relative stimulus intensity
marker in clinical practice are discussed and include artifacts, how to determine a
threshold for deciding adequacy, variation in technique between sites, and inter-

individual EEG variation; some strategies for overcoming these hurdles are described.
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of Hubbldﬂtldl clinical benefit in the practice of electroconvulsive therapy.

his f'1rct case that Ihf‘[npelltic ch',nge
A

does not gcnerdlly Degm untii severai treatmenis have been
Since this delay in response is typical of convulsive therapy without some criteria for
therapeutic adequacy, how could he and subsequent practitioners be confid hat any
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viven individual treatment is efficacious? Again, Meduna’s owr

- i o satiizzad ¢l - 1
utilized the criterion

i 1dicate< that he

at on one treatment an epileptic attack was not ubserved and that the pallent
relapsed the next day The absence of the desired rmponse resulted in an increase in
dosage at the next treatment, which was accompanied by an epileptic attack and a resulting

L

---- 11ira thara

bd@l% IOI’ seizure duequacy 1s I]CU:‘:'sdl‘y order t\') Maxiimize muape'
ldrly, we shall demomtrate that criteria a
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ideal espoused by Androp in 1941, which has been similarly echoed many times since,
that ‘“‘amperage and time (of the stimulus) should be kept down to the indisposable
minimum’’ (Androp, i94i). We have oniy to be abie to identify the nature of what this

“‘indisposable minimum’’ is.
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A significant step toward being able to assess the treatment adequacy of convulsive

therany wace the identification that the sei

ZIIra thoranantic affactiven
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The success of both pharmacologic and elet,tmai introduced in 1938) seizure in-

rst
ductlon was one important plece of ewdence in suppo reo thls view. Additional support

icant advantage of %upraconvul%wt stimuli
over subwnvu]swe stimuli and shdm ECT, thereby further bolstering the notion of the
therapeutic importance of the seizure. These findings suggested that efforts to assure
therapeutic adequacy with ECT should be focused on the presence of a seizure. This
all-or-none view of induced seizures was shared by many early practitioners of convulsive
therapy (Androp, 1941; Cerietti, 1956; Impastato and Aimansi, 1942; Jessner and Ryan,
1941; Kalinowski and Barrera, 1940; Lowenbach, 1943).

Yet, these authors categorized all-or-none adequate treatments using a variety of d1i-

(
ferent features, Kflhnnka\: and Barrera wrote that the nresence of motor mdn;tgst-

separated adequate * grand mal’” from inadequate ‘‘petit mal’’ responses to the stimulus
(Kalinowsky and Barrera, 1940). In addition to the presence of a tonic/clonic motor

‘<

lI-or-none phenomena. Indeed, many of the reports
g that the seizures elicited by ECT are
arrera \l][‘gf‘\ﬂ’ﬂ TI"IHT[ [ 1{3[\
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graded phenomena. For exampie, Kaiin

convuision depended on the extent to which the stimuius exceeded the seizure thresho
(Kalinowsky and Barrera, 1940). Similarly, Cerletti noted that the lengths of the tonic and

clonic nhrle\ of the seizure couid be varied hv aa1ua~,tmo stimuling lmgpurv and duration

a. ¢

(Cerlett1, 1956). A stimulus intensity dependence of both convulsion duration (Jessner and
Ryan, 1941) and time to the onset of the tonic phase (Impastato and Almansi, 1942) were

alen renorted

QIO dLpUL iU,

Together, these observations suggest a significant heterogeneity in ECT seizures that is
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dependent on stimulus intensity. Hemphill and Walter considered the clinical importance
nf the re]annnshm between the stimulus and the seizure threshold now known as ‘‘rel-

g ﬂted the use of
ddmmlstermg lnadequate treatments.
These early observations of ECT seizure heterogeneity gradually opened the door to a
more detailed investigation of the relationship among stimulus parameters, selzure char-
acteristics, and tredtmcm response A notabie example is the methodologically U

s/am 5 PP 11
eon KBl ll". a COnrotic
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= St g o
y d Otitosson, 1964; Ottoss
Ty Ve POV, o S LSO sy ey o AR i 5 ‘
1962b). This investigator reported shortened ECT seizure duration in a

dose-dependent fashion (Ottosson, 1960) In terms of therapeutic response, the lidocaine-

treated subjects had a less-pronounced, antldepreﬁqant effect than did those randomly

assigned to receive ECT without l:dncame (Cronhol and Ottosson, 1960) In addmon

ihe response raie per secoi - Ve A
(811}

even though Ottosson was careful to warn agdmst assuming a reldtlonshlp between seizure
duration and therapeutic efficacy for non-lidocaine-modified ECT, many ignored this
warning (Cronholm and Ottosson, 1960).

The viewpoint that there was a relatlonshl b

(v]

=

[ween seizure duration and ECT therd-

effective cumulative seizure time was suggested (210-1,000 s). However most ¢.ubxe-
quent studies failed to supporl this conclusion (Miller et al., 1985; Sackeim et al., 1987,
I99l 1993; Weiner 1986)

e

exploring variations in
nddal ”) T ¢ a g

mode! of ECT seizures
1 A Le o 1
s OT he
i Sine-wave £ i, nc

S oc 1 less l EEG changes, less
memory impai rment and less 1clal autonomic alteratlons and requnred a greater number of
treatments to obtain the same clinical antidepressant effect (Liberson, 1953). Two sub-
sequent studies, including one by Ottosson, confirmed that ultrabrief-pulse ECT had weak

11e]

antidepressant effects (Cronholm and Ottosson, 1963; Robin and deTissera, 1982). Since
this type of ECT is now believed to involve a marginally suprathreshold form of stimuius,
this work lends support to the observations described earlier, that stimulus intensity and
the relationship of the stimulus to the seizure threshold have a large effect on ECT seizures

(Impastato and Almansi, 1942; Cerletti, 1956; Jessner and Ryan, 1941; Kaiinowsky and

Barrera, 1940), including their therapeutic effectiveness (Hemphill and Walter, 1941).
Further evidence supporting this point of view is provided by additional studies carried

out by Ottosson (Cronholm and Ottosson, 1960; Kirstein and Ottosson, 1960; Ottosson,

Convuisive Ther, Voi. 10, No. 2, 1994
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156 A. D. KRYSTAL AND R. D. WEINER
1960, 1962a.b). in which the effects of routine versus very high stimuius intensity bilateral
(BL) ECT were compared. A faster response rate was reported for the latter, aithough

net therapeutic advantage existed in terms of degree of response.

The next series of _x,rnmm that had a hpqrmg on the issue of stimulug intens

(R fTELS a vt SUIRIELE

et k =
stimulug eleumdea are applied contralateral

involved with speech function (Lancaster et al., 1958). Many studles comparing lh(,

dntldeplessam efilmcy of UL with BL ECT have generated Lonﬂletmg results as to

C - Fnam re 2y s 10N0L.
ic advamage r BL ECT (un u,vu,w's SEc nmaun, 1300;

Ottosson, 1991; Overall and Rhoades, i986' Sackeim, 1991). A critical analysis of these
studies has suggested that much of the reported efficacy differences between UL and BL

w

. a 1
e on eiimulng
L I

be due to a greater dependenc iimulus iniensity with the UL technique,
Whl(.h s a pdrtmuldr problem with certain types of UL electrode placement (Pettinati et al.,

1986; Weiner and Coffey, 1986). In particular, scalp shunting, produced by the use of

short intereiectrode distances, can be expected to result in a much lower intracerebral

current density. and thereby lower “‘effective’” stimulus intensity. In this regard, studies
that have used a high stimulus intensity for both UL and BL groups have tended to show
ms at al |00|\ Hioh

« LEILEXL
(=

efficacy rates for UL ECT have also been reported in Scandmavm where ECT tends to
be admmlstercd at a relatlvelv high stimulus dosage (d’Elia et dl 1983).

more of an cquw'alpnr\f hetween L1, and RI, freatments (e. a. Ahr:
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1 further by another siudy by Sackeim and
assigned to receive either barely supra-
h shold UL ECT (TUL) mnderdtely suprathreshold (250% of estimated seizure thresh-

B

TN R AT TT e

old) UL ECT (MUL), barely suprathreshoid BL. ECT (T

L Talll

V1o mn{ler'lrelv sunrathreshoid

Vil

A AT T

(MBL) (Sackeim et ai., 1993). This study more firmiy established that it was the
relatiomhlp 01 the stlmulux intensity to the seizure threshold and not the absolute stimulus

Iv affected EC'T efticacy. The differene es in theraneutic res

x S LR R N St A iV AL IVIVRIVGD RS LI]\/I“}.’UULIM 1w v
rate among the four groups suggested that TUL ECT had minimal antidepressant prop-
erties (17% response rate) compared with MUL (43%), TBL (65%), and MBL (63

~ trn ha arantar nr +h 'y
ECT. However, amnestic effects were also found to be greater for BL than f

the UL ECT groups and also to be greater with MUL than TUL ECT.

adequacy dej}cnd% on both stimulus L.L.PL.. and the extent to which truius intensity
exceeds the seizure threshold. Furthermore, their findings suggest that the choice of

Convulsive Ther, Vol. 10, No. 2, 1994
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therapeutic adequacy, although both the rate of response and the extent of & d erse cog-
nitive effects will be greater with a higher stimuius mu:nsuy Thus, a knowledge of
cally be use ict the likelihood of both

reiative stimuius intensity can theoreticaily be used to predict
therapeutic response and adverse effects associated with ECT, thereby offering the po-
tential for the optimization of ECT administration. The issues mvolv d in putting this

ILiciL

information into practice in the clinical setting will be the subject of much o
der of this articie.
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titration pro

practlce Whereas the use of a seizure threshol
tion of the relative stimulus intensity at the beginning of the lreatmeni course

1.1

variabie rise in seizure threshold that typically takes place over the ment cou

results in an inability to maintain knowledge of relative stimulus intensity over time
(Krystal et al., 1993b; Sackeim et al., 1983, 1991). Alternatively, the invariant use of BL
ECT and maximal stimulus intensity to ensure therapeutic efficacy is suboptimai because
of the greater cognitive deficits that are elicited. Performing multiple secizure {hreahsld

determinations over the treatment course is also i .lp
relative stimulus intensity is needed to allow th
mente at a desired level of e ected therdneu
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entire treatment course. Altnougn a number indices

markers |sucn as seizure duration and pr
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Robin and colleagues, in a within-subject comparison of ultrabrief-pulse versus wide-
pulse and sine-wave BL ECT, found that the brief-pulse treatments were as»ociated with
lower ictal EEG amplitudes and less postictal EEG suppression (Robin et al., 1985).

A

Although there was no formal determman of the relative intensity of these stimuli, as

,|r|
noted earlier

suppression repurt ed with BL FCT further suggeq[ the promise of icta
e .

(Abrams et al., 1973; Brumback and Staton, 1982: d’Elia and Pcms, 0; Enderle et al.,
1986; Gerst et al., 1982; Kriss et al., 1978: Krystal et al., 1992; Small et al., 1970: Staton
et al., 1981, 1986; Swariz and Larson, 1986;

Two recent studies are particularly well suited to assessing the ability of ictal EEG
measures to serve as markers of seizure therapeutic adequacy, since they are the first to
simultaneously study both stimulus ELPL and relative stimulus intensity effects (Krystal

et al., 1993b; Nobler et al., 1993). One of these studies employed a within-subjects design
comparing TUL, MUL (225% of estimated seizure lhrcshold) TBL and MBL ECT,
utlhzmg both computer and mdnual EEG measures (Kr\mml et al., 1993h); whereas the

1 L1 Cd InT .,

stimuii, m()derdtely .supmthreshold bLl was associated with a greater mld ictal
wave) amplitude (also reported by Krystal and colleagues), a shorter polyspike phasc and
a longer ictal slow-wave phase, all of which were independent of absolute stimulus

intensity. The laiter two findings agree with the greater immediate po‘;t%llmulus dmplltuae
1 h are ¢ 3y

o, Lrarg hin
orted by Krystal and co-workers, which ai

w
onset 01‘ ictal slmw th higher relative intensity stimuli. T l
colleagues also repor ried that increased postictal suppression was seen in therapeutic
responders compared with nonresponders, although no other ictal EE. i varis ble dif‘f‘er-
ences as a function of therapeutic outcome were pment It was not d
this effect was independent of ELPL and stimulus intensity effects. It is importar

S 1 Ly I stimulus “""“""J

emphasize, in this regard, that no evidence presently exists suggesting that ictal EEG

Convulsive Ther, Vol 10, No. 2,
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indices are canable of predicting hen an individual will respond inde

il

treatment type, nor hav /i fied the puys.u.ug.
the ?mhden ssant L C ther these two

eat er a 11|ty of these types of EC
izure termination (Qﬂ(‘]{Pim P[ al,

i paniian avalal

s C
volve subcortical structures in seizure activity and

N
an carlier and more potent ability to in e
may also be more effective in eliciting the endogenous seizure inhibitory mechanisms that
have been speculated to play a role in the efficacy of ECT (Sackeim et al., 1991).
A possible role of subcortical structures in mediating the differential e‘i‘i"iC"cy of vari-
atlons in ECT techmqm. is of mtercqt gwen the hi gh mcndcnce of depression in subcor-
fa

g Pl
inmvnlve
LIV ULV

(Drevets and Raichle, 1992).

THE CLINICAL APPLICATION OF ICTAL EEG SEIZURE

TRWILuWT & SANT A DN TOTIO

ADEQUACY MARKERS

UL a :
For UL ECT ictal EEG marker:
remains at least moderately suprathreshoid throughout the [re'
t

that Sackeim and colleagues have reported

antidepressant eifect (Sackeim ei al., 1993) ""v"“ne“l ictdi EEG‘ ‘."r‘icc% suggest that the
relative stimulus intensity is significantly below 2.5 times seizure threshold, because of a

Conviilsive Th
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rise in sewure lhr*«;hoid, an increase in stimulus intensity would be indicated. Further

Ar tharamaridsn snote i ca o 3 =17
i

Lucna.yl:uu\, iesponse and ail ircaimenis have been main-
tained at least modemtely suprathreshold on the basis of ictal EEG indices then a switch
to BL ECT could be made with more confidence that an ad adequate trial of UL ECT had
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impairment are mpnrtdm clinical factors that depcnd the relationship e stimulus

of
» seizure threshoid and therefore motivate the use of ictal EEG markers (Sackeim et al.,

93). In this case the clinician will need to deiermine a desired ira r:i off between
- .

cogmtive effects a 1d rate of response (hogh ity) tha

to
19
S that is
maintaining the stimulus
hat take plaac over the treatment
iin a stimulus intensity that
is at least moderaldy suprathreshold before determining that an individual has been an
ECT treatment nonresponder.
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ATION OF ICTAL EEG MARKERS OF
THERAPEUTIC ADEQUACY AND SOME STRATEGIES FOR DEALING
WITH THEM

There are a number of problems that must be worked out before a successful clinical

implementation (as described in the previous sectlon] 1s possible. First, in order to utilize
these ictal EEG measures, multivariate analytic te niques are necessary to determine

L
whether and how ictal EEG indices showing promise as seizure adequacy markers can be

combined into a single composite index for prediction of the relative stimulus intensity of
cn ireatment. it 1s lmpomnr that such determlndtlon be based on a large amount of

i of patienis seen in clinical practice. Given

sensitivity and k:pec‘.!.c' y © i
of

s intensity. The use

) analysis is one approach that offe s promise in de ternnmnﬁ
4 RN 3 ; ;

1

such data it w
markers for ide mlfyl gt

e 3 ying an appreciable drop in r
vidual seizures (McNei et al., 1975). This type of dnalysls would entall (.hoosl ng a
threshold that mammiz es the s emltwlty and pec1f" ity for cateﬂorumg relalwe stimu 1
S R ; ot

s sho m ely su
xuprdthreﬁhold seizure a moderdte]y suprathrcshold
tial pmmem in 1mplementmg ictal EEG seizure adequacy measures is

he pr t studies suggesti inical utility for ictal EEG
measures mvolved careful sclecn f data to avoid including segments contaminated
with artifacts in analysis (Krystal et al., 1993b; Nobler et al., 1993). Therefore, resulting
ictal EEG algorithms can be expccted io function only as predicted on the basis of
artifact-free data, which is not easily available on-line in the clinical setting. Much effort

orithms as insensitive as possible to artifact
e]eclrocardto,qrdnhv In-
, dS well as the

will need to be exerted in makl g future alg
vi ad
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s the advantage of simplicity. As an example, one might utilize
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ituation can be improved by focusing on pc rtions of the sei-

IEdd‘s However, many pr actitioners utilize a
ends lo cancel out the high-amplitude, widely
mi AI portion m‘ ECT seizures and which

g voagnn 1t b b
s reason it appe;.:s to be dd‘.’&ll—

3 ) ipleme
quacy markers is interindividual variation in the ictal EEG. As mentioned eariier, recent
studies of the potential of the ictal EEG for identifying when ECT treatments are likely to
be of therapeutic hmeﬁt (Krvslal et al 1993b; Nobler et al., 199%) are based on popu-

nee and ¢ at account for interindividual variation
in the ictal EEG. For example, it has a]ready been established that subject age has a
f number of characteristics of the ictal EEG and that taking these
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effects into account significantly decreases the interindividual variance in these ictal EEG
indices, thereby ﬁakmg them more powerful tools for determining seizure adequacy
(Krystal et al., 1993a; Nobler et al !993); Whether othc,r tdctors <.u<.h as aendcr race, or

A"

J
it is possible to diminish the effects of mtermmwdual variation in the ictal EEG by uaf,ing
the implementation of an ictal EEG seizure adequacy algorithm on an intraindividual
comparison of ictal EEG data. For example. one can mal{e a determination of the ictal

EEG characteristics obtained at the

Convulsive Ther, Vol. 10, No. 2, 1994




162 A. D. KRYSTAL AND R. D. WEINER

compared for determmmg when a rise in the seizure threshoid resuits in a change in ictal
EEG parameters, suggesting a need for an increase in stimulus intensity. Even here,
however. 1t w1ll be 1mnortant to conmder the potential effects of treatment number, a form

L
been implemented commercially (Swartz and Abrams, 1994) These measures include
mtegrdted dmplltude of EEG d(.thlW over the entlre selzure the degree of dron in inte-

ordance in time between EEG and motor seizure end points. Suggested seizure adequacy
cutoffs for these indices appear to have been based on the distribution of values obtained
in routine clinical practice, without regard to relative stimulus intensity or therapeutic
outcome. The extent to which such measures refiect treatment adequacy and the vaiidity

of the suggested cutoffs remain to be established.

The previous section illustrates that much work is needed before an ictal EEG algorithm
for seizure adequacy is likely to be a clinicaily useful tooi. At present the ictai EEG can
be expected to serve only as a crude aid to the clinician in determining whether an ECT
seizure is therapeutically adequate. Further work is needed to identify whether there is a

relationship of ictal EEG measures to lhera esponse that is mdenendent of treatment
type. In addition to i i EEG indices, such work may help to

P i n
elucidate the neurophysiologic mLLhdem\ associated with ECT’s antidepressant re-
sponse. For these purposes, better studies, with larger numbers of patients, performed in
the clinical setting are needed to allow an optimal ictal EEG a]bonthm WIth wide clinical

ty tn ha davalanad n alanrithm darivad fram qnch ot
Ly W UL ulviiiupicu. nll ﬂls\lllllllll ULV 11U SUuLIl Siua

addresses the pmblems discussed above, will allow the prediction of the expected ther—
apeutlc efflcacy and adverse effects aqsocmted with an ECT treatment and is likely to be
= e e o 1 Ay
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