
[ J U L Y ] Psychiatry 2005 37

ABSTRACT
Expertise in medicating depres-

sion requires experience with all
types of antidepressants, including
several medications within each
type. Likewise, electroconvulsive
therapy (ECT) proficiency includes
experience with each of the mod-
ern electrode placements, of which
there are four. Besides traditional
bilateral and right unilateral place-
ments, ECT electrode placement
includes bifrontal and left anterior
right temporal (LART) placements.
In comparing antidepressant drugs,
clinical trials have proven few dif-
ferences of statistical significance,
and useful proven differences are
still more unusual. Analogously,
few differences have been proven
between ECT electrode place-
ments, and many reported differ-
ences can be accounted for by
large differences in electrical stim-
ulus dosage. Still, the absence of
proven differences does not show
that there are no useful variations.
This paper reviews the meaningful
differences that are generally
appreciated from clinical experi-
ence and biomedical principles for
ECT electrode placement as well
as antidepressant drugs.
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INTRODUCTION
The virtues of electroconvulsive

therapy (ECT) are plainly seen by
physicians who examine severely ill,
melancholic, catatonic, or psychotic
depressive patients before and after
an ECT course. The usefulness, effi-
cacy, and safety of ECT are docu-
mented,1 but several aspects of the
ECT method—particularly the
selection of electrode placement—
are subject to varying opinions and
habits. Specifically, electrode place-
ment varies markedly among hospi-
tals.2 It is appropriate that deciding
between unilateral and bilateral
ECT is not obvious because no sin-
gle method is always best, and the
essential issue is how to match the
electrode placement to the individ-
ual patient.

In the absence of decisive study
evidence, clinical practice operates
from professional experience and
biomedical principles. Systematic
clinical comparisons of antidepres-
sants have found few statistically
significant differences in therapeu-
tic benefit. Clinically useful differ-
ences are still more unusual, and no
medication has proven best for all
depressions. Differences among tri-
cyclic antidepressants, such as
desipramine and doxepin, are pri-
marily appreciated from clinical
experience and pharmacological
concepts rather than clinical trial
results— likewise among serotonin
reuptake

inhibitors, such as fluoxetine and
paroxetine. 

Few differences among the four
modern ECT electrode placements
have been proven. When study
comparisons showed a large differ-
ence, the placement with lower effi-
cacy (and side effects) was general-
ly used at much weaker stimulus
dosage. The main theme in this
report is that ECT expertise
includes experience with each of
the modern electrode placements
(Figures 1–4). In support of this,
neurobiology and data on electrode
placement efficacy and side effects
will be reviewed.

EFFICACY GOALS
The objective of ECT is clinical

improvement by electrically induc-
ing a well-generalized seizure. In
ECT study groups, the best results
reported are 1) maximum clinical
improvement and total course in a
median of 6 to 8 sessions; 2) remis-
sion in at least 80 percent of
patients; and 3) stable response so
that relapse within 4 to 6 weeks
occurs in fewer than 20 percent of
remitting patients. The quality of
remission should be essentially
complete, setting aside symptoms
of comorbid disorders with depres-
sive complaints, e.g., anxiety disor-
ders, personality disorders, physical
illness, and alcohol and substance
abuse disorders. Relapse that
occurs beyond six weeks post-ECT
is apparently related to post-ECT

prophylaxis rather than the
acute ECT course.

Consistently hitting these
targets for speed, remission
rate, and stability essen-
tially defines the meaning
of desirability in efficacy

for an ECT method.
Study reports will be
considered relative to
these expectations.

Electrical under-
dosage is a basic reason

for not hitting these effi-
cacy targets. Any elec-

trode placement can be
underdosed so its effective-

ness is weak. Low effectiveness
from underdosing has been report-
ed for traditional bilateral place-
ment,3,4 sometimes called bifron-
totemporal or bitemporal, right uni-
lateral,5,6 and bifrontal placements.7

A study that underdoses a place-
ment does not represent good clini-
cal practice and so does not fairly
examine clinical use of the place-
ment. Some study reports found
low effectiveness for one or more
treatment methods but did not con-
sider how the low effectiveness can
be accounted for by the low stimu-
lus doses used; these studies are
reviewed later in this article. Mild or
occasional underdosing increases
the number of ECT sessions needed
for remission, and strict underdos-
ing also decreases the remission
rate. 

On one hand, lower stimulus
dosage produces less cognitive
effect, regardless of electrode place-
ment.1 On the other hand, overdos-
ing can negate the cognitive advan-
tages of any placement. A method
for dose adjustment is available.8

Physiologically, greater electrical
dosage induces more neuronal
depolarization, i.e., more seizure
foci. This should produce stronger
seizure generalization through the
brain, which is better quality ECT.
When the two stimulus electrodes
are more widely separated, the vol-
ume of seizure foci between them is
larger and the minimum charge that
induces a seizure is higher. In
bitemporal ECT the electrodes are
further apart than in right unilateral
ECT and the minimum seizure-
inducing charge is 30 to 40-percent
higher. Conversely, it is easier to
underdose right unilateral than
bitemporal ECT because a seizure
can be induced at lower electrical
dosage.

COGNITIVE EFFECTS
IMPLICATIONS

Besides adverse cognitive
effects from illness or medications,
patients can experience basically
two kinds of cognitive side effects
from ECT: gradual cumulative dis-
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FIGURE 1. Right Unilateral Placement
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orientation and acute-onset deliri-
um. Fortunately, the latter is
unusual. Although these temporary
adverse effects should be milder
than the pre-ECT impairment by
the illness under treatment, they
do require attention.

Gradual cumulative disorienta-
tion is typically first noticeable
after 3 to 4 ECT sessions. It accu-
mulates with additional ECT ses-
sions, as the MMSE9 scores fall.10 It
is generally largest with bitemporal
electrode placement and high stim-
ulus dose but varies greatly among
patients, from negligible to substan-
tial. It persists variably and up to
four weeks in elderly patients.
Although temporary, it can require
nursing support for self-care and
obscure bonafide therapeutic
response, as well as a postpone-
ment in discharge. Because of
these and the value people place on
the privacy of their health problems
even in the hospital, alternatives to
bitemporal ECT should be consid-
ered. 

Gradual cognitive dysfunction
does not indicate adverse neuronal
effects. Rather, detailed neuro-
chemical and anatomical evidence
show an absence of neuronal injury
from ECT.11,12 The cause of gradual
disorientation might be the oppo-
site, which is that ECT induces the
appearance of new neurons (neuro-
genesis) in the hippocampus, a
brain structure crucial to memory.13

Ironically, this hippocampal rejuve-
nation might obstruct memory

function until the new cells are inte-
grated into the neural system. 

Acute-onset delirium from ECT
is a marked confusion after a par-
ticular treatment. It can occur after
the first ECT or after several and it
can be mistaken for catatonia.14

When such delirium occurs, non-
convulsive status epilepticus should
be considered; although uncom-
mon, its severity is a reason to rou-
tinely monitor the EEG for seizure
termination. Presumably, some
concurrent neurological illnesses
(e.g., cerebrovascular disease) are
a risk for marked confusion.

For some patients. cognitive side
effects seem unavoidable regard-
less of ECT method. In one series
of depressed elderly patients, 5 of

the 34 (15%) patients receiving
unilateral ECT and 1 of the 29
(3%) patients receiving bitemporal
ECT experienced severe disorien-
tation.15 There is no reason for
greater disorientation from unilat-
eral ECT; it should have occurred
in these particular patients with
any placement. The high 10-per-
cent overall incidence of severe dis-
orientation in this study suggests
that it is more likely to occur in eld-
erly patients.

NEUROBIOLOGY: BITEMPORAL
AND UNILATERAL

The brain regions of highest
electrical current density have the
most intense seizure activity, so

they experienced the largest and
longest interruption of brain func-
tion. Accordingly, it makes sense to
avoid placing stimulus electrodes
near brain structures associated
with basic self-care and orientation.
Wider separation of the two stimu-
lus electrodes increases the amount
of brain that experiences intense
seizure activity, and likewise for
higher electrical doses. Essentially
by definition higher electrical doses
distribute seizure activity more
widely through the brain. 

Besides specific location, elec-
trode symmetry should influence
ECT side effects. Both hemispheres
contribute to many basic brain
functions (e.g., speech, memory,
cognition) although somewhat dif-
ferently.16,17 One side can mitigate a
deficit in the other, and bilateral
lesions can be far more toxic.18

Accordingly, unilateral and other
asymmetric electrode placements
should interfere less with cognitive
behavior than symmetric place-
ments, such as bitemporal.

The bitemporal electrode place-
ment, with one electrode on the flat
of each temple, has the largest vol-
ume of brain geometrically between
the two electrodes of the four
placements. This presumably
underlies the associated high levels
of seizure generalization,19 efficacy,
and side effects. In contrast, regular
unilateral ECT20 has lower geometri-
cal brain volume, seizure generaliza-
tion, efficacy, and side effects. One
electrode is located over the flat of

FIGURE 2. Bitemporal Placement

FIGURE 3. Left Anterior Right Temporal
(LART) Placement

FIGURE 4. Bifrontal Placement
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the right temple. The other is just
to the right of the vertex, the high-
est point of the skull; it is some-
times moved two inches posterior,
which should increase its clinical
effects.

CLINICAL EFFECTS:
BITEMPORAL VS. UNILATERAL

Most electrode placement stud-
ies have compared bitemporal with
unilateral ECT. The longstanding
consensus is that bitemporal place-
ment provokes more cognitive side
effects while unilateral is less effec-
tive, with fewer remissions and
more relapse.1,5,21 There are two
shortcomings in methods that
undermine many ECT studies: elec-
trical underdosing and concurrent
anxiety disorders. Underdosing is
not appropriate, and the associated
results simply do not apply to prop-
er treatment. Because concurrent
anxiety disorder raises most
depression rating scores (e.g.,
Hamilton Depression Rating Scale
[HAM-D]) and is common in severe-
ly depressed patients (e.g., melan-
cholia causes post-traumatic stress
disorder) it lowers measured remis-
sion rates and increases relapse
rates. In turn this obscures actual
efficacy. Similarly, anxiety disorders
can produce a symptom group
meeting criteria for major depres-
sion but never responding to ECT
(i.e., atypical depression). Such
patients are not usually excluded
from ECT studies, which may dilute
efficacy results.

When unilateral ECT is adminis-
tered at low stimulus dosage (e.g.,
85mC average) its response rate is
particularly low, specifically 17 per-
cent vs. 65 percent for bitemporal
ECT.5 The response rate increased
to 30 to 45 percent at 130 to 175mC
average dose.5,21 Similarly, the
largest difference in side effects
between unilateral and bitemporal
ECT occurs at low stimulus doses.21

Conversely, differences between
placements fade at high unilateral
stimulus doses of 378mC or more
for both desirable and undesirable
effects.22–24 Remission rates were 65

to 80 percent in this high dose
range. 

The following analogy illustrates
how using bitemporal or high-dose
(near 400mC average) unilateral
placement for every ECT patient is
not prudent, despite higher remis-
sion rates: Giving every patient
experiencing acute manic episode
concurrent full doses of lithium, val-
proate, and an antipsychotic drug
should produce a higher remission
rate than lithium or valproate alone.
However, this is generally an unnec-
essarily forceful first trial and will
generate unnecessary side effects.
Selectivity instead of overtreating is
a clinical art.

Another clinical art in ECT is
identifying patients who should

respond well to an electrode place-
ment with lower side effects than
bitemporal ECT. Presumably, low-
dose unilateral placement is
mildest; it brings remission in a
third of patients who would
respond to bitemporal ECT.5 No
studies have directly determined
how to identify patients who
respond to low-dose unilateral ECT.
Indirectly, however, patients who
show higher peak heart rate during
ECT seizure respond more rapidly25

to left-anterior right-temporal
(LART) ECT; this presumably
applies to all placements. Because
EEG measurements can reflect
seizure intensity, they too might
help identify patients who will
respond to low stimulus doses.

When nonresponse and relapse
risk simply must be minimized, as
with seriously suicidal patients,

bitemporal ECT seems desirable.
When the risk of troublesome side
effects is high but relapse is not life-
threatening, a different placement
might be preferable, unless it had
failed for that patient. An example
is a elderly patient cachectic from
depressive anorexia. 

NEUROBIOLOGY: BIFRONTAL
AND LART 

Two bilateral placements
besides bitemporal have shown high
efficacy with little disorientation:
bifrontal and LART. Bifrontal elec-
trodes are located 2.5cm anterior to
bitemporal sites and are likewise
symmetrical. Bifrontal and bitempo-
ral placements overlap about 50
percent because the electrodes are

about 5cm wide. In LART place-
ment the left electrode is 5cm ante-
rior to the left bitemporal site; the
right-sided site is the same as for
bitemporal. For LART and bifrontal
placements the geometrical volume
between electrodes is about equal,
and so is the expectation for effica-
cy at similar dosage. This volume is
about 75 percent that of bitemporal
placement.

The neurobiology particular to
the LART placement is primarily its
asymmetry and the fully anterior
location of the left electrode. It
should interfere less with cognitive
behavior than symmetrical place-
ments do. Its entirely anterior loca-
tion separates it from the temporal
lobe and the dorsolateral prefrontal
cortex (DLPFC). The DLPFC
assembles into short-term memory
sets of environmental information



for problem solving and self-care,
and the anterior temporal lobe also
participates in memory.
Accordingly, although LART and
bifrontal placements have the same
interelectrode distance, they should
differ in side effects.

Electrode placement near skull
sutures might influence clinical
effects; the placements differ in
such proximity in a manner consis-
tent with side effects. Electrical
resistance at skull sutures and
foramina is much lower than at
unperforated bone. If an electrode
is above a suture, stimulus current
density will be particularly high in
brain regions near the inside of the
suture, inducing particularly intense
seizure and function disruption; this
might be similar to raising the dose.
Two skull sutures criss-cross the

bitemporal site, forming an “X”
under it. The bifrontal site includes
one suture, and the left anterior
LART site has none. 

CLINICAL EFFECTS: BIFRONTAL
In comparing bifrontal, bitempo-

ral, and unilateral placements,
Lawson, et al.6,26 minimized stimulus
doses, 148mC for bitemporal,
164mC for bifrontal, and 107mC for
unilateral ECT on average. Their
courses of bifrontal, bitemporal and
unilateral ECT averaged 10.3, 11.5,
and 15.7 sessions, respectively.
These stimulus doses were too low
and these ECT courses were too
lengthy for the methods and results
to apply to expected clinical treat-
ment. Some depression scores were
marginally lower with bifrontal than
bitemporal ECT, but the bifrontal
stimulus dose was higher. Unilateral
was less effective than bifrontal and

bitemporal placements, but its stim-
ulus dose was much lower. For side
effects, only verbal memory imme-
diately after ECT showed better
scores with bifrontal than bitempo-
ral placement, but this difference is
not specifically from electrode
placement. This is because the
post-ECT difference between
bifrontal and bitemporal groups
persisted for three months (i.e.,
longer than attributable to elec-
trode placement at low dosage).
Moreover, there was no pre-ECT
baseline measurement. Taking the
three-month measurement as the
baseline leaves no side effect
advantage for bifrontal ECT. 

The efficacy of bifrontal was
stated as higher than bitemporal
ECT but the dose was higher and
the long course of 10 to 12 ECTs

for bifrontal does not show desir-
able efficacy. The results are fur-
ther undermined by the peculiarity
that bitemporal and low-dose uni-
lateral ECT showed equal efficacy
immediately after six ECTs and one
week after the final ECT. A simple
explanation for the peculiarities
and long courses is that all place-
ments were underdosed, as
described by the method that the
stimulus dose for all placements
was at seizure threshold, that is,
minimized. Accordingly, these stud-
ies do not correspond to clinical
practice. 

Comparison of higher dose
bifrontal and bitemporal ECT
revealed statistically significant but
small side effect advantages for
bifrontal placement.27 The average
stimulus dose was near 250mC.
The average course length was
under six ECTs for both place-

ments. The post-ECT MMSE aver-
aged 28.1 with bifrontal (i.e.,
intact) and 25.7 with bitemporal.
However, the standard deviation of
the bitemporal MMSE was 2.5
times that for the bifrontal MMSE
(p<.0001). Accordingly, the differ-
ences are largely accounted for by
a few patients, and they reported
that elderly patients had lower
post-ECT MMSE scores. Apparently,
the cognitive advantage of bifrontal
over bitemporal ECT applies primari-
ly to elderly patients, the same
patients who tend to receive the
highest stimulus doses because dos-
ing needs increase with age.

The results of Heikman, et al.,7

illustrate how effects from under-
dosing can dominate electrode
placement effects, despite requir-
ing that motor seizure duration

exceed 25 seconds. The average
course of low-dose bifrontal ECT
(average 120mC) was 12 ECTs ver-
sus 7 for high dose unilateral ECT
(252mC) and 8 for low-dose unilat-
eral ECT (126mC). However, low-
dose unilateral was not clearly
more effective than bifrontal
because post-treatment Hamilton
depression ratings averaged 15 and
10, respectively. Post-ECT MMSE
scores were 25, 28, and 26 for high-
dose unilateral, low-dose unilateral,
and bifrontal, respectively. The
results indicate the importance of
avoiding underdosing, but have no
implications for electrode 
placement.

CLINICAL EFFECTS: LART
PLACEMENT

In an open trial of 10 female
patients (9 severely ill, 1 moder-
ately ill) the post-ECT MMSE
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Mild or occasional underdosing increases the number of ECT sessions
needed for remission, and strict underdosing also decreases the remission

rate...[however], selectivity instead of overtreating
is a clinical art.



score with LART placement was
28.4, substantially above the pre-
ECT score of 11. This high MMSE
score occurred although the stim-
ulus dose was relatively high, 3.5
to 5 mC per year of age. The
median treatment course was 7
sessions and the average treat-
ment course was 8.5 sessions long.
All patients achieved remission,
and 90 percent sustained remis-
sion on 6 to 10 week follow-up.28

Five of these patients received
ECT for drug-resistant mania,
explaining the longer course that
a few patients received. In a dou-
ble-blinded pilot study of eight
subjects, those receiving LART
trended to greater efficacy and
lower side effects (both right- and
left-hemisphere) than bitempo-
ral ECT; the groups were too
small for statistics.29 In an
open trial of LART placement
in 24 patients, 88 percent
achieved remission and 100
percent showed response,25

with an average course
length of 6.8 sessions and a
median of 6. The stimulus
dose was 2.5mC per year of
age at the beginning of the
course and was raised to
5mC per year, usually at the
sixth ECT. LART placement is
used regularly in many hospitals
in the US and in Russia.
According to a recent survey in
Russia,30 LART is used in 
21.3 percent of institutions provid-
ing ECT and in 10.1 percent of all
treatment sessions, while d’Elia’s
unilateral placement is used in
12.8 percent of institutions and
6.0 percent of treatment sessions,
and bifrontal placement in 4.3 per-
cent and 3.7 percent, respectively.
This survey showed some hospi-
tals using LART placement in 80
percent of ECTs.

HOW TO TRY OTHER
PLACEMENTS

Your understanding of clinical
benefits and side effects comes
from your own direct observa-
tions. If your patients have expe-

rienced troublesome side effects
or disappointing efficacy with
bitemporal or unilateral ECT, you
have a reason to try LART and
bifrontal placements.
Additionally, it is important to
regulate the stimulus dose along
the course of treatment, because
about half of patients show clear
need for increasing dose.
Accordingly, the Benchmark
Method to individually 
adjust doses along the ECT
course is worth considering.8 As
“quality assurance monitoring” 

for each ECT course, you might
record general outcome (e.g.,
remission, partial improvement,
none), post-ECT MMSE score,
number of ECTs, and electrode
placement. As long as you aim to
provide each patient with safe,
effective treatment and you do
not assign the placement ran-
domly, you are conducting clini-
cal practice, not research, just as
when you first try a new antide-
pressant.

ROZHNOV’S STUDY
A unique yet logical approach to

ECT electrode placement was intro-
duced by V. A. Rozhnov31 in the for-
mer USSR. Rozhnov used a differ-
ent electrode placement at each
ECT session, giving a course of 12
ECTs to 11 patients he diagnosed
with schizophrenia. He placed elec-
trodes at locations corresponding to
the numbers shown in Figure 5,
obtaining seizures with each place-
ment. Number 1 reflects the first
session, number 2 the second ses-
sion, and so on. From sessions 1 to
11 the electrodes were relocated
progressively further back on the
head. The final session was midline
anterior to posterior. He reported
that four patients achieved full

remission, 
one showed large improvement,
two some improvement, and
four were unchanged. He
used sinewave current but
reported that no patient
experienced harm from it.
Although this does not
demonstrate the absence of
side effects, it suggests a
generally benign nature of
ECT regardless of electrode
placement. 

Rozhnov changed the place-
ment each time expecting that

avoiding repetition of the current
through the same cortical struc-

tures would minimize side effects.
The implication is that the use of
the same electrode placement at
every ECT session increases side
effects. We might have seen fewer
side effects if we rotated each ECT
patient among the four different
electrode placements, bitemporal,
bifrontal, unilateral, and LART. 

STIMULUS DOSING
Electrode placement influences

stimulus dosing. Dosing is the
same for the three bilateral place-
ments (bitemporal, bifrontal,
LART). At the first ECT a typical
good dose charge is 2.5mC per
year of patient age; this equals set-
ting “% Energy” to half the age.
This was validated for the first
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FIGURE 5. Rozhnov’s sequence of
electrode placements
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ECT with stimuli of 900mA cur-
rent and 1msec pulsewidth32 and
for the first through fourth ECT
sessions at stimuli of 900mA and
0.5msec pulsewidth.33 At 800mA
current the half-age method
underdoses the stimulus,34 and a
more likely good dose is 4mC per
year of age; this is the same as set-
ting “expected joules” to 80 per-
cent of patient age. For unilateral
electrode placement a good stimu-
lus dose should be twice these
(e.g., 5mC per year of age at
900mA, and 8mC per year at
800mA). 

These initial doses should avoid
overdosage. In most (but not all)
cases the stimulus dose needs to
be increased along the course
because ECT has anticonvulsant
effects. Typically after the first
four treatments the dose is gradu-
ally increased by 50 to 75mC each
session to an eventual charge dose
60 to 100 percent above the initial
dose, which is 4 to 5mC per age
year for bilateral ECT at 900mA.
Setting the stimulus on the basis
of the weakest possible ECT, the
seizure threshold, is not internally
consistent;35 moreover, it is too
easy to misrepresent seizure
threshold measurement as ECT
treatment and bill for it.

A more complete and individual
approach to adjustment along the
ECT course is the “Benchmark
Method.” In this, ECT treatment
quality is assessed according to
physiological events during the
ECT seizure, including peak heart
rate, motor seizure duration, and
various measures of EEG intensity.
At the first ECT benchmark, tar-
gets are taken for peak heart rate
and several measures of EEG
intensity. Development of weak-
ness in any one of these or motor
seizure under 18 seconds suggests
increasing the stimulus dose by 50
to 75mC. This method is detailed
in a free-access Internet 
publication.8

In summation, there is no sub-
stantive controversy about ECT
electrode placement. Rather, the

ECT practitioner should match the
placement to the patient’s individual
circumstances, and should consider
obtaining clinical experience with all
four placements.
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