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ECT Seizure Dui'ation:_Measurement-Related Differ-
ences
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Abstract

Three alternative methods for assessing seizure duration during electroconvulsive thera-
py were studied. The visual and tactile estimation of motor convulsions and tachycar-
dia as well as the mean integrated amplitude of the electroencephalogram were com-
pared with the reference single channel unprocessed electroencephalogram in 78

Introduction Psychiatrists attempting cessed EEG (Fink & Johnson, 1982), ob-

to treat certain severe mental disorders servation of autonomic response
have recently shown renewed interest in (Kitamura & Page, 1984), and cardiovas-
electroconvulsive therapy (ECT).A num.- cular monitoring (Larson et al.1984).

ber of technical innovations have made Unprocessed EEG monitoring is the pre-
ECT safer and more effective including, ferred method, and the one with which
titrated stimulus dosing determination of others are most often compared (Fink &
seizure adequacy and electroencephalo- Johnson, 1982)- Imqulately following
graphic (EEG) monitoring (Weiner & the transcranial elect'nc.al stimulus for
Krystal 1994). ECT, five characteristics patterns of

EEG activity are seen, three occuring
Seizure duration (SZD) guidelines during the ictus (Weiner, 1982). There is

have evolved, based on concerns about a brief preictal (recruiting) phase of rela-
decreased effectiveness of very short sei- tive EEG Suppression as low-voltage,
zures and neurotoxicity of overly. long high frequency activity, which is often
seizures (Lambert & Petty, 1994), which undetected due to amplifier saturation by
need further work to verify the assump- simulus. Next the tonic phase of rhyth-
tions they are based on ’ mic beta-frequency activity (14-22 Hz)
. appears within 15 seconds and lasts up to

i itori i ding to the clonic

The importance of monitoring of sei- 20 seconds. Corresponding to tk

zure activity during ECT is well esta-  Phase of the seizure, high amplitude ac-
blished, and verified (Fink,1979). Opti- tivity progresses from desynchronized,
mal assessment of SZD includes both high frequency polyphasic wave forms tg

indices of electrocortical seizure general- rhythmic delta 2-4 Hz activity (fogrt
ization and signs of convulsive activity form). Muscular jerking occurring ur-
(Fink & Johnson,1982). Among the ing the clonic period is synchronous with
prevalent techniques used to document high amplitude epileptiform bursts, cor-
ECT-induced seizures are single- and responds to individual muscle contrac-
multiple channel unprocessed and pro- tions and may last 20-60 seconds
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(We'mer,1983) A near flat line of postic-
tal suppression (fifth pattem)signiﬁes the
physiological end of a cortical seizure
that coincides with the cessation of mus-
cular jerking. Abrams & Swartz(1989)
noted that about 10% of seizures will
blend so gradually into the postictal
phase that a precise end point cannot be
-dentified by inspection.

SZD can be measured by micropro-
cessor-based EEG analyzer that relies on
numeric descriptors. High correlation
between records of unprocessed and pro-
cessed EEG cortical SDZs have been re-
ported (Swartz & Abrams,1986). An al-
ternative approach relies on auditory
modulation of EEG frequency and am-
plitude (Abrams & Swartz, 1989).
Weiner et al. (1986) confirmed that judg-
ment of seizure end point using this audi-
ble EEG monitor has been determined to
be reliable and valid.

The external nervous application of
electrical current during ECT stimulates
an automatic nervous system discharge
(Gravenstein, et al. 1965, Jones &
Knight, 1981 and Weiner, 1982). Ob-
served signs (tachycardia, hypertension,
and increased olectrodermal conduc-
tance) have been used as evidence of a
generalized convlusion. There is a close
agrement between clinically beneficial
SZD measured by tachycardia and EEG
(Larson, et al.,1984). The point of great-
est heart rat¢ deceleration represents the
end of convulsion; however, autonomic
signs lack specificity soO that decisions
based solely on these parameters are ill-
advised (Kitamura & Page, 1934).

The primary goal of the current study
is to compare the simplest, and cheapest
method of visual and tactile clinical ob-
servation of gross motor activity and oth-
er autonomic responses as measures Of
ECT-SZD on one hand with the objec-
tive techniques assessed by unprocessed
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EEG and computer processed EEG am-
plitude in a group of psychiatric patients.
Putting in mind that in a busy general
hospital, in a developing country with
tightness of availability of time, equip-
ment and personnel, a simple practical
method needing no equipment and only
one or two personnel is badly needed if it
is correlated with small differences and
proved to verify seizure induction and
document its favourite duration.

& Methods: A random-
ized study of SZD in 27 adult inpatients
(8 females, 9 males), 20-70years old
(mean=34.6:t017.3) undergoing ECT for
drug-resistant severe depressive (n=15)
and schizophrenic disorder (n=2) was
fulfilled. Each patient underwent a mini-
mum of 4 treatments and received the in-
duction drugs, described below, equally.
A total of 78 treatment sessions, were
evaluated, in which all the three meas-

urement techniques were applied.

‘Anesthetic management included pre-
treatment with atropine sulfate (0.01 mg/
kg), thiopentone (5 mg/kg), and succi-
nylcholine (1 mg/kg)- Immediately prior
to administration of the muscle relaxant,
occlusion of blood flow to one limb by
reinflating the applied blood pressure
Hg above systolic pres-
sure was, performed to permit observing
the unmodified motor seizure in muscles
distal to the cuff. Ventilation was assist-
ed using a mask while administering
100% oxygen. This was followed by the
assessment of sufficient muscle relaxa-
tion by the nerve stimulator. Routine
monitoring included ECG, arterial blood
pressure, an 02 saturation by pulse 0X-
ymeter.

All patients received bilateral ECT
using the Mecta model-SR1 device. The
stimulus parameters of the 800 mA cur-
rent were individualized with the aim of
inducing a cortical seizure of 30-60 sec-
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Table (1) Stimulus parameters of the studied group (n=17):

onds as measured by the conventional
EEG (Table.1) ’ '

Visual and tactile assessment of mo-
tor convulsions in the muscles of the arm
distal to the inflated cuff was done by the
anesthesiologist, the trained nurse anes-
thetist and the psychiatric resident. The
initial response of passage of electric
stimulus is a sustained, tonic contraction
of musculature (lasting 10-20 sec.) and
characterized by flexion and a very fast,
fine tremor. This tonic phase is gradual-
ly succeeded by repetitively clonic, jerk-
ing movements, gradually slowing from
a frequency of 10-12 per sec. to 3-4 per
sec. at seizure termination, when all

‘ hovement abruptly ceases. At this point
the blood pressure cuff is deflated. Reli-
ability indices between rates were high
ranging between (+0.84-0.91) when

‘placing a mark on the EEG strip chart as

- Range Mean t SD
Duration (s) 0.72-2.00 1.28 0.35
Frequency (Hz) 50-90 70.5 219
Pulse width (ms) 1.2-14 1.34 0.39

U R S ———
e e

well as using a stop-watch to register the
duration of motor convulsion and tachy-
cardia was also noted on the EEG strip of
the monitor.

Unprocessed single-channel EEG
recordings(25 mm/s 0.5 or 1.0 mV/cm)
were obtained from the Mecta machine.
The attending psychiatrist timed SZD
from stimulus offset until onset of post-
ictal suppression. In ten cases, an exper-
ienced ECT practitioner and a neurolo-
gist who were unfamiliar with the
purpose of the record review, assessed
SZD, with high interrater reliabili-
ty(=0.97). Discrepancy of greater than
1s was noted in only one of the ten
records.

The mean integrated EEG amplitude
(MIA) was determined from the
Anesthesia and Brain Activity Monitor

Table (2) Comparison between measurement techniques for seizure duration(s)

Range MeantSD| Median | Skewness | Kurtosis | P-value M
Simple 0-126 | 46%19.2 0.91 6.32b
1 0.001
EEG . | 33-234 | 771%35.0 2.04 8.52b
. 0.01
MIA 30-190 77+£3.35 1..33 4.68b J
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(AMB, Datex/Puritan-Bennett, Boston,
Mass). The MIA was measured by se-
lective filtering of biopotentials obtained
from the adhesive electrodes placed on
mid-forehead (active), over mastoid pro-
cess(reference) and over temporal bone
(ground). MIA ranged from 0-100MV
rms in the 1.5-2.0 Hz band width. Digi-
tized values were stored on a floppy
disk. The sharp return of the ECT-
induced MIA elevations towards pre-
seizure baselines determined the end of
ictal activity.

Since the purpose of the existing
work was to compare measurement tech-
niques rather than ECT effects, sessions
for each patient were considered as in-
dependent events. The null hypothesis
stated that indices of ECT-SZD did not
differ. Since the duration were not nor-
mally distributed, the null hypothesis
was tested using non-parametric analysis
of variance. Individual pairwise compar-
isons were made using Wilcoxon
matched-pairs single-ranks test (table2).

Results: The distribution of values of
each measure of SZD is shown in Table
(2). A Freidman two way analysis of
variance by ranks indicated that the
measures were significantly different
(P<0.001). Absence of convulsive activ-
ity during a documented electrocortical
seizure occurred once, and it séems that
seizure did not generalize in that case.

Though the duration of ictal activity, as
defined by MIA technique differed from
that directly related to EEG, the mean
MIA-SZD was only 6 seconds longer
than unprocessed EEG estimate. The-va-
riability of measures was related to: their
absolute magnitude. A more detailed ex-
amination of EEG-SZDs. indicated that a
two-fold increase in duration was asso-
ciated with three-fold increase in the
standard duration, that is, longer electro-
cortical seizures were more variable in

duration than shorter ones. The mean
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duration of the motor ictal component
was consistently. shorter than the other
components (15-25 seconds less than
processed MIA and unprocessed EEG re-
spectively).

Discussion: The use of EEG monitor-
ing in convulsive therapy has gained
widespread acceptance in the developed
countries where devices with this capa-
bility are readily available. In other
countries clinical monitoring alone is
more common. Discrepancies between
EEG and clinical observation have been
known to exist. As Lambert & Petty
(1994) noted, currently available dura-
tion guideline do not indicate how to
manage disparate results.

The traditional view showed that the
production of generalized seizure of ade-
quate duration is both necessary and suf-
ficient for therapeutic response to ECT.
An effective seizure was defined as a bi-
lateralized seizure with minimum dura-
tion of 25 seconds (American Psychiatric
Association Task Force Report,1984).
Abrams & Swartz (1989) estimated that
less than 20 seconds duration would re-
sult in abortive, missed partial or focal
seizures that leads therapists to increase
the dosing strategy to induce a general-
ized seizure of satisfactory duration for
the effect. But Miller et al. (1985) re-
ported insufficient data to indicate the re-
lationship between seizure length and
ECT efficacy, to specify a minimum du-
ration of seizures, individually or cumu-
latively.

That traditional view was challenged
by Mc Gravey et al. (1993) and Krystal
et al. (1993) who commented that ECT
efficacy not simply depends upon sur-
passing a minimum SZD as has been as-
sumed, and Nobler et al.(1993) indicated

that SZD is not a useful marker of thera-
peutic efficacy, and more useful markers

are provided by ECT stimulus intensity



electrode placement and the ictal and im-
mediate postictal EEG. Scott et al.,
(1994) assessed short term effects of a
single bilateral ECT on uptake of 99

mTc exametazine into brains of patients.

with unipolar major depression using
split-dose SPECT, and found that the
changes were not correlated with stimu-
lus intensity or EEG-monitored SZD, but
were correlated with severity of depres-
sion and more weakly with ECT pro-
duced memory impairments.

Nevertheless reliable monitoring of
electricity induced seizure is an impor-
tant component of ECT. Present moni-
toring techniques rely on observations

that generalized electrocortical SZD by
EEG equals or exceeds that of the ac-
companying motor and autonomic activi-
ties. The current work, despite its me-
thodological unification of most

variables, demonstrates marked measure-

ments- related differences between esti-

mates of SZDby the use of different tech-

niques.

The obtained differences either inter-
or intra-individual can be interpreted to

result from 1) higher seizure thresholds
as reported by Sackeim et al. (1987-a)
and Abrams & Swartz(1989). 2) Subse-
quent seizures (Sackeim et al.1987-b)
despite that di-Michele, et al. (1992)
showed only slight statistically insignifi-

cant reduction in ECT-induced SZD

across a course of ECT, 3) anesthetic
dose (Michell,et al., 1991 and Martens-
son, et al.,1994) but di-Michele & Ros-
5i(1993) noted from a clinical point of
view that SZD and threshold are not re-
lated to that dose, 4) stimulus energy and
impedance (American Psychiatric
Association Report, 1982), 5) stimulus
train or number of pulses ( Weaver, et al.
11977 and 1982), 6) use of psychotropic
drugs as shown in the work of Lanes &
Ravaris (1993) who reported prolonged
SZD in a 70-y-old female patient on traz-
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odone that resolved upon its discontinua-
tion, 7) dose of muscle relaxant as Miller
et, al.(1985) recorded inverse relation be-
tween SZD and muscle relaxant, 8) use
of cerebral stimulants like caffeine that
can lengthen SZD by lowering convul-
sive threshold as declared by Hinkle, et
al. (1987) and Lurie & Coffey (1990).

Other factors that might be responsible
for such variations in SZD that was abo-
lished by the methodological awareness
may be a) electrode placement as all
cases were treated with bilateral than
unilateral ECT,b) type of anesthetic
drugs as they were all injected with thio-
pental and c) patients diagnosis as 88.2%
of the studied group were depressed sub-
jects. relatively small mean of number
of ECT-treatment given may limit the in-
dicated cumulative effect of SZD.

It seems that SZD estimation based
on heart rate should be regarded with

. caution due to the modifications by the

anesthetic agent itself, the atropinic

. agent, ‘and succinylcholine. A valsalva

effect consequent to forced expiration
against a closed glottis triggered by the

- direct action of the electric current may

‘cause a 25% increase in heart rate as de-

~tected by Kitamura & Page (1984).

Another falacy was indicated by Lane et
al. (1988) that bilateral ECT peak heart
rate remains higher throughout the early
postictal phase than with right- unilateral

“ECT, indicating greater circulating cate-

cholamine levels. But, Larson et
al.(1984) stated that duration of ECT-
induced tachycardia which is easily de-
termined as noted by high interrater reli-
ability index in the existing study is cor-
related highly with both motor (cuffed
arm) and ECT seizure estimates. AsS
dose heart rate Abrams & Swartz (1989)
showed that blood pressure fluctuated
throughout the ictal and postictal phases
especially in patients with arteriosclero-
sis and hypertension.
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Another source of difference in SZD
estimation may be the notation of Ab-
rams & Volavka (1982) and Abrams &
Swartz (1989) that EEG seizure activity
may continue for 10-15 seconds longer
than when one relies upon observing the
motor manifestations of the cerebral ac-
tivity in the arm distal to the inflated
blood-pressure cuff. In the present re-
sults, EEG seizure activity continued
when all movement seems abruptly to
cease. The reason may be related to
some characteristics of neuronal activi-
ties. Differences were greater with the
first ECT of the given course in younger
patients. These differences can be par-
tially abolished by combining measures
of magnitude and length of ECT-induced
automatic response as tachycardia and
hypertension to motor response, thus in-
creasing the potential for more accurate
clinical SZD evaluation compared to that
with EEG. The same conclusion was
given by Lippman et al. (1982) and Be-
rgsholm, et al. (1993) recommending use
of the above mentioned combination for
more precise clinical assessment.

Although the difference between clin-
ical and EEG determined SZD were sta-
tistically significant, they do not dispute
the clinical value of the simple primitive
measures, particularly if combined. This
difference in data suggested that both the
clinical and electrical measures of corti-
cal activity express directly related but
different neurophysiological processes.

The smaller but significant (P<0.01)
differences in SZD between unprocessed
and processed EEG (MIA) were antici-
pated. The closer agreement suggested
that the MIA information reflects the
same phenomenon as the unprocessed
EEG. The observation of + 6 seconds in
the mean of SZD resolution of the pro-
cessed graphic recording is sufficient to
explain all differences, and illustrates the
need for familiarity with the EEG pro-
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cessor logarithm. Sampling techniques
of some devices, e.g. 4-seconds epochs
at 1. minute intervals, preclude measure-
ments of electrocortical SZD despite
their attractive graphic displays (Swartz
& Abrams,1986). The interrater relia-
bility of measured SZD monitored by
EEG was higher than that of the clinical
observation technique (0.97). When it
was examined by Lambert (1992) be-
tween five psychiatrists assessing 30
readout strips, he also commented that it
was good, with no effect of the rate
found on duration monitoring.

Regardless of the measurements tech-
niques, the interpretation of EEG during
ECT requires caution. The interval be-
tween anesthetic/relaxant administration
and ECT application must be long
enough to minimize unintended interac-
tions that may complicate interpretation.
Short acting barbiturates generally de-
press vigilance and muscular tone. How-
ever they occasionally increase EEG am-
plitude and induce myocolonus soon
after injection (Lippman et al. 1993,
Fredman et al. 1994). Similarly, the
short acting neuromuscular blocker, as
succinylcholine, may induce a brief peri-
od of muscular fasciculations. Out of the
present study, we prefer to have an ap-
propriate delay in the application of ECT
to assure that increased EEG amplitude
or muscular activity is not drug related.

The non-Gaussian skewed distribu-
tion of ECT-seizure lengths was expect-
ed because of the stimulation technique
(Abrams, 1988). Stimulus parameters
are typically adjusted to produce a sei-
zure lasting at least 25 seconds. This
limits the lower end of the distribution
while prolonged seizures extend the up-
per limit. The use of parametric statis-
tics with such skewed data can lead to
unwarranted conclusions.

In conclusion, this work is hoped to
cast light on some basic problems per-



taining to SZD assessment. It reflects at
the electrocortical measures ( EEG &
MIA )agreed closely, but differed from
the clinical observation convulsion and
autonomic variables. - Inspite of the sig-
nificant difference detected in the SZDs
measured by the visual and-tactile meth-
od on one hand and those measured by
the EEG methods on the other hand there
was a direct relationship between them..
Thus the crude clinical method could be
practically useful for every day routine
clinical use especially from prognostic
view point (i.e.) to monitor the progress
of the psychiatric disorder, the effect of
concurrent therapies, and to estimate the
number of ECT sessions needed. A
more precise method like EEG or MIA is
required for accurate research measure-
ments.

A variable change in the SZD was ob-
served in relation to the original diagno-
sis as well as the progress of the disorder
in the exiting work, for which a further
study is recommended to quantify this
change and to qualify its relation to these
two variables.
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