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ABSTRACT

Background: Measures of EEG during ECT, for example, smaller post-seizure fractal
dimension have predicted ancdepressant response. The earlier study on this subject
used bilateral ECT. This study aims to examine if this finding holds good even for
unifaterat ECT, using both fractal dimension and spectral power analysis of EEG. Methods:
Fifty-one right-handed, drug-free patients with major depressive disorder received right
unilateral ECTs at 2.5 times their seizure threshold. A rater blind to the clinical data
measured fractal dimension and spectral power of EEG during their second ECT.
Depression was rated using Hamilcon's Rating Scale for Depression at baseline and
on the 3rd, 7th and |4th days following ECT. Results: Thirty-five good quality EEG
recordings were analyzed. Seventeen patients reached criteria for early response of
more than median percent improvement on HRSD on both 7th and |4th day. Univariate
analysis showed smaller fractal dimension and spectral power (greater post-seizure EEG
suppression} in early responders compared to the late responders. This was confirmed
by multivariate discriminant function analysis. None of the other clinical, treatment
or EEG parameters predicted early response. Conclusions; Effective seizure during
unifateral ECT may be characterized by high post-seizure EEG suppression,
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viz., amplitude, symmetry, coherence and
posticeal suppression (Krystal and Weiner,
1994y, Lffective stimulation results in
morphologically  welb-developed  sym-
metrical, coherent, synchronous, high-

INTRODUCTION

The issue of prediction of response o
BCT i depression has pone bevond s
cocrelation wirh seizuee duraton. Depend- . .. .
. . . , voltage scizure acuviey thar is followed
tng, on the stmulus intensiey and electrode by marked postictal suppression (Abrams,
1997). Bilateral ECT and supra-threshold
unitateral ECT, which have better
antidepeessant ctffects  than  threshold
unilateral  ECT, produce EEG
characterized by higher amplinude seizure
discharzes as well as preater posticial
suppression than  theeshold  unilateral
FCT (Krystal ¢t al, 1993).

placement, generalized seivures of adequate
duration may be associated with difterential
therapeutic cffects (Sackeim et af 1993).
Measures of seizure quality have gained
importance in predicting  che  response
(Swarty, 1993} Several attributes of ietal
LEG ocher than its duration are candidates

for markers of reladve stimulus intensay, ...
. Stmilar

relationship between antidepressant
respense and ictal amplitude and posticeal
suppression have been reporred by
Krystal et al, (1995} and Nobler ¢t al
{1993) respectively. Suppes et al, (1996)
teplicated the association between
postictal suppression and therapeutic re-
sponse.

Visual analysis of EEG, power spectral
analysis and fractal dimension (D) of
EEG are some of the measures for
assessing  the  attributes of the ERG
produced by ECT. Most of the studies
have used power spectral analysis (e,
Krystal et al 1995). The only Indian
study examining the relationship berween
the EEG quality and antidepressane
rcsponse  following  bilateral ECT  re-
ported rthat smaller post-seizure ') - a
measure of post-scizure  suppression -
predicted  better  antideptessanc  effect
1999).
dimension, unlike power spectral analysis
is a less known measure. Unilaeeral ECT
may be preferred in depression as it is

(Gangadhar ¢t al, Fractal

equipotent with fewer side effects. This
study examines if the bBndings hold good
for supra threshold unilateral BCTs, using
both power specteal analysis and  fraceal
dimension to analyze the ELEG changes
produced by unilateral LECT.

METHODS

Fifty-one right-handed pagents (31 fe-
males) with DSM-IV  (APA  1994)
diagnosis of major depressive disorder
patticipated in a tandomized concrolled
trtal, comparing the efficacy of two ECT
procedures afier informed consent.  The
pulse frequencies in the ECT simulus in
these two procedures were 50 and 200
pulses per second. Nonc of the patients
was on any  psychotropic medications,
except lorazepam tablet 1mg on as-needed
basis for sleep, but was withheld the
nights before the FECT sessions.  The
severity of depression was assessed on 17+
item  Hamilton  Rating  Scale  for
Deptression  (Hamilton, 1260), before
starting BECT and on 3rd, Tth and 14th
day thereafter.

ILCT (thnice weckly) was administered
under thiopentone (3mg/kg) anesthesia



with atropine (0.65mg) and succinylcholine
{0.75mg/kg) used for modificadon. All
received right unilateral ECTs ac d'Elhia
position. ECT device delivered constant
current (800 mA) bipolar pulses,
width was 1 millisecond and frequency was
3) pulses per second (in 54.1% of the
} subjects) and 200 puises per second (in
15.9%). During the first BECT session,
scizure threshold was assessed using titraton
method by adjusting the crain duration
(0.125-13.5 seconds). From second ECT
onwards, ECT was administered using

Pulse

encrgy 2.5 ames the threshold. All patients
abtained at least 15 seconds of motor
scizure (Cuff method) and 25 seconds of
LEG seizute (Gangadhar et al., 1995a).

Seizure was monitored using 4-channel
EIEG recording (F3, F4, T3 and T4, ref-
crenced to ipsilateral mastoids) on all ECT
sessions. The 1EEG duting the 2ad or the
3ed session was used for analysis, The
3G data was digitized (256 Hz, 12 bir),
stored in the computer and coded.
Calibration  pulse (100 pV) rrain was
recorded for cach BEEG. A trained
rescarchet () replayed the EEG on a
COMPUICT SCrEen to measure seizure duration
and identify early- (4 sec), mid- (8 sec) and
post-seizure (4 sec) phases (figure 1). The

il

phases of cach of the four channels were
winporally analogous and free from artifacts.
t-ach phase was divided into I-sec cpochs
cach of which overlapped by half a second.
ELG values in pV (Y-axis} and intersample
mterval in ms (X-axis) were used to compute
') as described earlier (Katz, 1988,
Gangadhar et al., 1997). Arithmetic mean

TABLE |: Comparison between late
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of FDs of the seven epochs yielded the
FD of each seizure phase. The average
of the FD)s of the four channels from the
second or third ECT was used for the
analysis. Similarly, spectral power (dB) was
estmated for 2-6 Hz band (Dummermuch
and Molinati, 1987) and the averages of the
four channels for each phase were
computed. A computer programme
automatically computed seizure duradion
{Gangadhar et al, 1995b)

Good quality EEG records were avail-
able for 35 patients in the first week
These 35 patients who formed the sample
of this swdy did not differ from che
remaining sixteen on age, sex, baseline
HRSD score, number of past episodes,
duration of current episode and che
number of melancholic features present
The reduction in HRSD scotes over the
2-week trial was not different between
the two (data not presented). The data
was analyzed using SPSS version 10.
Chi-square, independent sample  t-test,
multivariate  discriminant analysis were
used and the level of significance was
fixed at p < 005

RESULTS

Percentage improvement in HRSD
scores was calculated at cach assessment
stage. Median improvement at 7th day
was 31.8% and at the ¢nd of 14th day
was 61.5%. Accordingly, patients, who
had more than median improvement at
both these time points, wete defined

opetationally as early responders {ER)
(n=17), and the remaining, as late-
tesponders (ILR) {(n=18). The rwo groups
did not differ on any demographic,
bascline clinical and ECT varables. They
however differed with tespect o post-
treatment FIRSD scores as expected

{Table 1 and 2).

The two groups did not differ on
seizute duration recorded during the firse
weck's ECT session. The ER group had
significantly less post-seizure [} and
spectral power thaa the LR group (Table
2). There was no difference between the
two with respect to carly- or mid-seizure
The average
post-seizure measurcs correlated nega-
tively with percent improvement on the
7th day. (Spearman rho: speciral power:
£ = 0345 p = 0.046; FD: v = -0.282;
p = 0.10).
berween percent tmprovement on  the

IFD and spectral power

Thete were no corrclations
tdch day and post-seizure FF[). Nene of
the other measures of EEG showed any
correlations wich improvement.

Predictive power of variables, which
showed least p values in univariate analysis,
was tested using disceiminant function
analysis,. ~HRSD baseline score, seizurc
duration, average carly-, mid- and post-
seizure 1D, were the independent variables.
We used stepwise multivariate discriminant
analysis with revalidation using leave-one-
Only post-seizare FD
could significantly discriminate the carly
and late responders. It could predict 9%
of the paticnts correctly into early or late
Discriminant analysis was

out procedure,

responders.

responders and early responders: clinical and ECT variables.

Yariable

Late responders {n=18)

Early responders (n=]7)

Statistics

Mean age in years (SD)
Sex ratic {male : female)

Mean duration of iliness in weeks (SD)

Mean HRSD score at baseline {SD)
Mean HRSD score - 7th day (SD)
Mean HRSD score - 14th day

Frequency of ECT pulses (S0pps:200pps)

'Hean number of melancholic features at baseline (SD)

3692 (9.0) 3347 (9.7) e=1.0% df=32.3; p=0.28

612 70 Fisher's exace 0.44
17.44 (23.3) 2164 (29.0) ¢ =0.498; df =3%; p=042
623 (1.0) 588 (12) ¢ =1.02; of =33 p= 031
360 2 47 2773 (69) ¢ =1.6%; df =33; p=0.0%
2461 (4.6) 14.64 (6.7) t=5.04; df =28.11; p < 0.00)
1583 (4.8) 670 {4.2) t=604; di=33; p<0.001

9.9

12 = 097 df =2 p=0.6!
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TABLE 2: Comparison between late responders and early responders: Seizure variables.

Variable Late responders {n=18) Early responders (n=17) Statistics
Variable Late responders (n=16} Early responders (=17 Statistics
Seizure duration (seconds) 49.13 (21.9) 6530 (36.9) T= -1.58; df=33; p=0.122 _
FD of early-seizure EEG 117 (007 1.13 (007) t =1.73; df =33 p=0.092 ;
FD of mid-seizure EEG 120 (007) 117 (0.08) t =147; df =33; p=0.15
FD of post-seizre EEG 1016 {0.01) 1.009(0.006) t =2.16; df =33; p=0.038
Spectral power of early-seiture EEG 54.56 (4.7) 5145 (5.3) t =1.80; df =33; p=0.08
Spectral power of mid-seizure EEG 56.71 (3.4) 54.38 (5.0) t =1.31; df =28.1%; p=0.20}
Specural power of post-seizure EEG 41.06 (64) 3697 (46) ¢ =2.13; df =33; p=0.04
been reported by Nobler et al, (1993), !
2 : Suppes et al., (1996) and Gangadhat et al,, !
14 e 0. (1999). Given the pronounced cognitive |
i prones advantage of unilateral ECT over bilateral 1
* : ECT, clinicians might prefer unilateral ECT
14 I to bilateral ECT wherever possible (Abrams,
: 1997) and a considerable proportion of
?"o nem patients would receive unilaterall ECT.
5 WRiwe1e Replication of the finding of positive as-
------ u sociation between post-seizure suppression
* of EEG and antidepressant response
-4 " — suggests that both unilateral and bilaterai
L e R ® ¥ © ECTs share a2 common mechanism of ¥
Post.asizure FD Post:Seizse Spectral Pow: (0B action. Krystal et al., (2000) also reported

Figure 2: Kaplan-Msier survival curve for
cumulative probability of being in either ER
or LR groups depending on the FD of post-
seizure EEG

eepeated with spectral power values replacing
FI> values. Only post-seizuge spectral power
could signiticantly discriminate the carly
arul late responders. 1t could predicr 63%
of the patients correetly into carly and late
responders. Kaplan-Meier survival analysis
indicated thae smaller post-seizure FI) and
lesser spectral power increased the cumu-
latwee probability of the paticot being in the
LR group (Ihgure 2 and 3).

DISCUSSION

The important finding of rhis study is
that the degree of post seizure EEG
" suppression predices anddepressant response

Figure 3: Kaplan-Meier survival curve for
cumulative probability of being in either ER
or LR groups depending on the spectral
power of post-seizure EEG

to right unilateral ECT. No other seizure
measure predicted response. The finding of
low FD in post-seizure EEG found in
univanate analysis is unlikely to be a chance
finling, as it alone stood out to predict
early tesponse in muldvatiate analysis, where
other possible confounders were controlled
for. Iistimation of FD, howevet, is a less
conventional method of analyzing EEG.
Hence we conducted power spectral analysis
also and found that carly responders had
lower specteal power than the late
responders. Again, this was conficmed by
muluvariate analysis.

Paositive association between the degtee
of post-scizure EEG supptession and ant-
depressant response with bilateral ECT has

(8

similar findings with unilateral ECTs.
Seizure duration did not predicr
antidepressant response. This is again in
conformity with the current knowledge that
seizure duration has no positive correlation
with antidepressant action of ECT (Nobler
et al,, 1993 Abrarns, 1997).

Median average FD for post-seizure
EEG of the four channels for the entire
sample was 1.0129. When avcrage FD of
only the frontal leads was taken, the median
was 1,014, This value is similat to the one
reported by Gangadhar et al., {1999) based
on two frontal channel EEG analysis {1.016).
Median or less than median post-seizure
FD idendfied correctly twelve of the
seventeen (71%) in the ER group, whereas,
more than median post-seizute FD iden-
tified twelve of the cighteen (67%%) in the
LR group, suggesting a good predictive
value for post-seizure FD.

b

In this study, early responders were
defined as those who had more than
median percent improvement on  both
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LT

Ltemp (meV) Liront (mcV) Rtemp (mcV) Rfrent (mcV)

Figure 1. A typical EEG recording during ECT depicting carly- mid- and post-seizure
phases chosen for analysis
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7th and 141h day. On the 14th day, their
mean RS score was 6,700 (£ 4.2).
Specteal powee of the poseseizure ERG
had = significant negative corrclation
{Spearman’s tho = 038 p <0.05) with
percent improvement on HRSD seale on
the Teh Jay. Such a corrclation was not
found e the Hih day (Spearman’s rho
= 014 p = (h4). This 1s possibly because
post-seizore suppression of BRG follow-
ing KOTT during the first week may be
mote  closely associated only with im-
provement during the fiese week, Whether
similar  ¢correlation exists between  post-
scizure suppression of BEG following
ECT during the second week and ancdide-
pressant response during the second weck
war 000 examined v this study.

The implications of this positive asso-
ciation bemween post-scizure  suppression
of EEG and therapeuric response  can
omly be specalative e ghis sage. e is
known thar failure o clevare the seizure
threshold during the cousse of ECT s
associated with poor antidepressant effect
(Sackeun ¢t al T98T), iwlicaung that anei-
convulsant action of BT s in someway
related to s cherapewtic effect. Sackeim
et ab (1983 for example have supgested
that enhanced GABAergic activity perhaps
underlies  the anticonvulsant and  thera-
GABA mediares
the scizure werminabon and this in tuen

peutic acnon of BT

may Cuse ]'lll!"\t'?it'i'ﬁllf(' supprcssmn of
LG
plicude by 13 or spectral power) coukld
henee retleet GABAergic response tollow-
ing seizute,

Measuring post-seizure ERG am-

strengths of this study are that it used
tour chatinels o analvee BEG and o eater
bluad to the clinical statas of the patents
anabyzed EEGs. U1 and spectral power
amalvses were done ancd both of  these
pronbuced similar resules, adding to the

consistency of the findings. That whethet
the improvement dunng the fiest two
weeks sustained in weeks o follow was
not examined in this swdy and this
remains to be examined. The measures
of EEG scizure from all ECT sessions
may help to find an answer.
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