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Objective: Reduced γ-aminobutyric acid (GABA) concentrations
have been reported in the plasma, CSF, and cortex of depressed
subjects. Of interest is that ECT, one of the most effective treat-
ments for severe refractory depression, produces considerable

anticonvulsant effects that may be related to increased GABAer-
gic transmission. The purpose of this study was to determine if
cortical GABA concentrations increase following a course of ECT.

Method: Occipital cortex GABA concentrations in eight de-
pressed patients were measured by using proton magnetic
resonance spectroscopy before and after a course of ECT.

Results: A significant increase in occipital cortex GABA concen-
trations was seen following ECT treatment of depression.

Conclusions: Occipital cortex GABA concentrations increase
two-fold following ECT. This suggests possible GABAergic in-
volvement in ECT’s mechanism of anticonvulsant and antide-
pressant actions.

(Am J Psychiatry 2003; 160:577–579)

A compensatory increase in the function of the inhibi-
tory neurotransmitter γ-aminobutyric acid (GABA) has
been proposed as one possible mechanism contributing to
both the anticonvulsant and antidepressant actions of ECT
(1). As an initial test of this hypothesis, we sought to ascer-
tain if cortical GABA concentrations increase following a
course of ECT. Proton magnetic resonance spectroscopy
(1H-MRS) was employed to measure occipital cortex GABA
concentrations in depressed patients before and after a
course of ECT. The occipital cortex was chosen because of
the technical difficulties involved in the measurement of
cortical GABA concentrations and the fact that previous
studies had demonstrated lower occipital GABA concen-
trations in both subjects with poorly controlled seizure dis-
orders (2) and subjects with major depression (3).

Method

Ten subjects diagnosed with major depression and planning
to receive treatment with ECT were enrolled in the study after
providing written informed consent. Diagnosis of unipolar major
depression was confirmed by a structured clinical interview (4)
before initiation of the study protocol. All patients had been
medication-free for at least 2 weeks before the study (only diphen-
hydramine was allowed for treatment of insomnia), with the ex-
ception of two subjects. One subject required four doses of thio-
ridazine for severe anxiety; the second was maintained on her
previous daily dose of risperidone (2 mg) after proving she was
unable to tolerate the initiation of a medication washout. The
mean age of the eight subjects (five men and three women) used
in the analysis was 46.0 years (SD=5.3).

Assessments with a modified 25-item Hamilton Depression
Rating Scale (5) and a Hopkins Verbal Learning Test (6) to mea-
sure memory impairment were given before the pretreatment 1H-
MRS measurement and again before the posttreatment 1H-MRS
measurement. The mean Hamilton depression scale score before

initiation of ECT was 36.1 (SD=7.8). The posttreatment 1H-MRS
measurement was done at least 1 day after completion of the final
ECT session (five subjects were assessed after 1 day, and the other
three were assessed after 2, 4, and 46 days).

ECT was performed with either a MECTA SR-2 or a SpECTrum
5000Q (MECTA Corp., Lake Oswego, Ore.) after a standardized
ECT dose titration protocol (7) along with standard anesthetics
and muscle relaxants. Seven of the eight subjects were treated
with bilateral ECT. The mean number of treatments received was
8.5 (SD=2), with a stimulus intensity increase of 28.5 joules (SD=
15.1) over the treatment course. Treatment was terminated solely
on the basis of the clinical judgment of the treating physicians
(J.J.C. or R.B.O.), who were not directly involved in the process of
data acquisition or data analysis. The treating physicians (J.J.C.
and R.B.O.) determined seizure duration on the basis of visual in-
spection of a two-lead EEG readout.

Occipital cortex GABA concentrations were determined ac-
cording to the methods described by Rothman et al. (3, 8). Briefly,
studies were performed by using a 2.1-T Oxford Magnet with a 1-
m bore, equipped with a Bruker Avance spectrometer (Bruker In-
struments, Billerica, Mass.). An 8-cm radiofrequency surface coil
tuned to the 1H-MRS frequency of 89.43 MHz was used to center
a 1.5×3×3-cm volume of interest on the midline of the occipital
cortex, 2 cm deep from the dura. Automated first- and second-or-
der shimming was used to optimize B0 homogeneity. Homonu-
clear editing at 3.0 ppm (chemical shift scale) C4 GABA resonance
was performed using the J-editing pulse sequence described pre-
viously. Two subspectra of 128 scans each were subtracted to ob-
tain a difference spectrum that isolated total GABA (combined
measure of GABA and the GABA-containing dipeptide Homocar-
nosine). Localization techniques include three-dimensional, im-
age-selected in vivo spectroscopy with outer volume suppression,
selective excitation, and use of a surface spoiler coil. The spectral
acquisition parameters were as follows: TR=3.39 seconds; TE=68
msec; sweep width=1,500 Hz; acquisition time=510 msec. The in-
tegral of the GABA peak was adjusted for the macromolecular
contribution and compared with the total creatine signal for ab-
solute quantification.
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Comparisons of pre- and post-ECT measures were made by us-
ing a paired t test. Correlations between GABA concentration
changes and changes in clinical measures or changes in seizure
duration were made by using a simple regression analysis.

Results

Post-ECT GABA concentrations were significantly higher
compared with pre-ECT concentrations (Figure 1) (t=–3.06,
df=7, p<0.02). Mean GABA concentrations rose from 0.85
mmol/kg brain tissue (SD=0.34) to 1.51 (SD=0.48). Seven of
the eight subjects demonstrated an increase in cortical
GABA concentrations at the time of the post-ECT study,
and four showed increases of greater than 85% over their
pre-ECT levels.

As expected, a significant decrease in seizure duration
was seen over the course of treatment (paired t test com-
paring initial with final treatment: t=3.65, df=7, p<0.01),
with seven of the eight subjects having shorter seizure du-
rations on the final treatment day than on the first treat-
ment day. There was also a significant decrease in the level
of depression severity following ECT (paired t test com-
paring pre- and post-ECT Hamilton depression scores: t=
3.75, df=7, p<0.01). Two of the subjects were clinically con-
sidered to have had complete remissions, five of the sub-
jects showed partial response, and one subject exhibited
no response. However, with this limited study group size,
no significant correlation was found between measures of
clinical response and the change in cortical GABA concen-
trations. ECT also had a modest but significant deleterious
effect on memory as measured by a mean 2-point decrease
(SD=0.63) in Hopkins Verbal Learning Test scores (6) at the
completion of the treatment course (t=6.36, df=6, p<0.005).
Again, however, we were unable to demonstrate a signifi-
cant correlation with the change in cortical GABA concen-
trations in this small patient group.

Discussion

The finding of higher occipital cortex GABA concentra-
tions following ECT is consistent with earlier animal stud-
ies that demonstrated elevated GABA concentrations in
several brain regions following repeated electroconvulsive
seizures (9) and a single study that measured CSF concen-
trations in two patients receiving a course of ECT (10). The
finding of ECT-related decreases in seizure duration is also
consistent with earlier reports (11, 12) and suggests an
ECT-induced decrease in cortical excitability. Rodent stud-
ies that have demonstrated the ability of electroconvulsive
seizures to specifically attenuate seizure induction by
GABA antagonists suggest a causative relationship be-
tween the ECT-induced rise in cortical GABA concentra-
tions and the relative decrease in cortical excitability (13,
14). Although circumstantial, our finding of both increased
cortical GABA concentrations and decreased seizure dura-
tion following a course of ECT is consistent with this hy-
pothesis. However, the limited patient group size of this
study did not afford us enough power to adequately assess
the correlation between these measures.

Could ECT-induced increases in GABAergic transmis-
sion also contribute to the modality’s antidepressant ef-
fects? Sackeim et al. (1) originally postulated almost two
decades ago that enhanced GABAergic function was a
mechanism likely to be related to the antidepressant prop-
erties of ECT. The ECT-related rise in occipital cortex
GABA concentrations demonstrated in this study supports
this hypothesis, especially in light of our previous study
demonstrating lower occipital cortex GABA concentra-
tions in depressed subjects relative to healthy comparison
subjects (3). The fact that occipital cortex GABA concen-
trations also increase following selective serotonin re-
uptake inhibitor treatment of depression (15) leads us to
speculate that the enhanced GABAergic function may pro-
vide a common mechanism of antidepressant action. It is
possible, however, that the increase in occipital cortex
GABA concentrations following treatment reflects a more
general marker of improved mood states. We cannot rule
out the possibility that we are observing a practice effect
or a time effect, since there was no control for repeated
measures in these studies. However, previous studies by
our group have shown little effect of repeated measures on
occipital cortex GABA concentrations (16). Finally, the low
pre-ECT concentrations of GABA could be related to a
medication washout effect. However, we have not noticed
any significant effect of time off medications on cortical
GABA concentrations in our larger database of depressed
subjects. Although the data are suggestive, larger study
group sizes investigating additional brain regions will be
required to clearly ascertain whether the increase in corti-
cal GABA concentration is related to the degree of clinical
response.

FIGURE 1. Occipital Cortex GABA Concentrations in Eight
Depressed Subjects Before and After a Course of ECT
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