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Background: Elevated glucocorticoids may increase the Introduction

vulnerability of the brain to the adverse effects of repeated N ,

seizures. This study tested the hypothesis that higher] N€ cognitive effects of electroconvulsive therapy
ambient cortisol levels would predict increased cognitive I (ECT) have been extensively studied (Squire 1986)
impairment in depressed patients subsequent to receivingnd have engendered the most concern about the safety of
electroconvulsive therapy (ECT) for major depression. ECT (Sachs and Gelenberg 1988). The American Psychi-

Methods: Sixteen subjects provided three samples oflric Association's Task Force Report on the Practice of
saliva the day before receiving unilateral nondominantElectroconvulsive Therapy (American Psychiatric Associ-

ECT. Measures of mood, global cognitive functioning,ation 1990) affirmed the safety of ECT and concluded that
attention, executive function, verbal and visuospatialto date there is no objective evidence that ECT, as
memory, and visuospatial processing speed were obtainegidministered by contemporary standards, results in any
1 day before the first ECT and 1 day after the sixth ECTpermanent loss in the ability to learn new information or to

treatment. The relationship between basal salivary corti-retrieve memories that were intact before treatment. Elec-

sol obtained before the first ECT treatment and the changgroconyulsive therapy causes an acute confusional state

score of each cognitive measure af_ter the sixth ECT, anterograde and retrograde amnesia for events proxi-
treatment was examined and tested with Pearson correl

' - %nal to the treatment administration (Daniel and Crovitz
tion coefficients.

) ) 1986; Sackheim et al 1986). The postictal memory loss is
Results: Electroconvulsive therapy treatments delivered

. e . ~similar to that experienced by patients with epilepsy
over 2 weeks resulted in a significant improvement N(Sachs and Gelenberg 1988). The memory loss for events
mood and a decline in most measures of cognitive perfor:

mance. Elevated basal cortisol was associated with almmedlately preceding, during, and after the treatment

greater decline in performance of executive function,COUrse can be pe_rmanent (Squ_lre 1986). The ability to

visuospatial processing speed, and verbal memory. learn new information and to retrieve memories that were

Conclusions: Althouah this studv is limited by the small intact before treatment returns within weeks of completing
' 9 y y freatments (Steif et al 1986; Weiner et al 1986).

number of subjects and the high number of comparisons, a M dies that h ined predi fth .
significant correlations were consistent with the hypothesis, MOSt studies that have examined predictors of the cogni-

that elevated cortisol predicts a greater degree of ECT-tVe side effects of ECT have focused on methods of
induced cognitive impairmentBiol Psychiatry 2001;50: anesthesia, electrical stimulus parameters, electrode place-
331-336 ©2001 Society of Biological Psychiatry ment, or concurrent use of psychotropic medications (Miller
et al 1985; Sackeim et al 2000; Sackheim et al 1986; Weiner
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sive therapy, cognitive impairment, memory that contribute to ECT-induced cognitive impairment. Theo-
retically, if risk factors for ECT-related cognitive side effects
were better characterized, clinicians would be able to inform
patients of this risk and potentially implement prophylactic
interventions. Kiraly et al (1999) reported that a small group
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pected (Aperia et al 1985; Florkowski et al 1996). If higher benzodiazepine, anticholinergic, or anticonvulsive medication.
diurnal cortisol levels before starting treatment predict worseSubjects over the age of 55 had a brain computed tomogram or
cognitive impairment resulting from ECT, then pre-ECT magnetic resonance image and were excluded if there was
administration of antiglucocorticoid agents may have thegvidence o_f brain disease. Our sample included ll.Women and
potential to limit the iatrogenic memory disturbance. five men with a mean age of 49.9 (SB11.6). Our subjects had

Many patients with major depression have hypercorti-2" 8verage of 14.9 years of education (SD1.7), most were
solemia or hypercortisoluria, suggesting a dysregulation Oflgh;.-hatpdedm = 15), and all were on concurrent antidepressant
the limbic—hypothalamic—pituitary—adrenal axis (Ameri- medication.

L o 7 ) Patients received six unilateral nondominant hemisphere ECT
can Psychiatric Association 1987; Carroll et al 1981, Reu%reatments on mornings over a period of approximately 2 weeks.

1985; Rubinow et al 1984). Several studies have showWRyg > \eek interval between the two cognitive assessments was
that depressed patients with hypercortisolemia have morghosen because most patients require at least six treatments and
cognitive impairment (Reus 1982; Rubinow et al 1984;most have some degree of ECT-induced cognitive impairment at
Winokur et al 1987; Wolkowitz et al 1990), but few that time (Squire and Slater 1983). The ECT stimulus was
studies have examined whether hypercortisolemia predictsdministered to the nondominant hemisphere at the d’Elia
greater deficits after cognition-disrupting interventions.frontoparietal electrode placement (d’Elia 1970) using 2.5 times
Horne et al (1984) found that patients administered dexathe seizure threshold determined at the first treatment (Sackeim
methasone while receiving ECT had more memory im-et al 1987). The ECT device used was a Mecta (Lake Oswego,
pairment and less of an antidepressant response th&Hegon) SR-2 model that delivers an electric stimulus in volleys
patients receiving placebos. If similar effects were seerpf brief pulseg of bidirect_ional square waves. As is the standgrd
with endogenous hypercortisolism, this would suggest tha?f ECT practlce, the patients were monitored by electrocardio-
patients with elevated pre-ECT cortisol levels might sufferd2m. 0ximetry, electroencephalogram, and blood pressure mea-
surement. All patients were hyperoxygenated during the proce-

gre_ater post-ECT memory impairment and less of andure, as this has been found to reduce ECT-induced cognitive
antidepressant response.

. .. .. iImpairment (Sachs and Gelenberg 1988). To limit the variability
Elevated cortisol increases the vulnerability of the brain %4 which patients are exposed to drugs that affect memory, the

the adverse effects of repeated seizures (Elliott et al 1993,oqthesia was standardized to include the following agents:
Smith-Swintosky et al 1996; Stein-Behrens et al 1994). Thussogium pentothal for barbiturate anesthesia, succinyl choline for

it is possible that depressed patients with hypercortisolisnheuromuscular blockade, and esmolol if attenuation of tachycar-
may have greater cognitive impairment induced by ECTdia and hypertension was judged by the anesthesiologist to be
This study was designed to test this hypothesis by examiningecessary.

the relationship between ambient cortisol levels immediately Subjects gave samples of saliva at 8200, 4:00Pm, and 10
before a course of ECT therapy and the decrement imm the day before their first ECT treatment. Saliva was sampled
cognitive performance induced by convulsive therapy. Secin 2-mL aliquots and stored frozen at70°C. Salivary cortisol
ondarily, we sought to determine if ambient cortisol levelsWas assayed by radioimmunoassay at Aeron Laboratories in San

predicted the antidepressant efficacy of ECT. Leandro, California, which report a coefficient of variability
(CV) of 10% for a target of 4.0 ng/mL.

Cognitive function was assessed the afternoon of the day
. before the first ECT treatment and the afternoon of the day after
Methods and Materials the sixth ECT treatment. The measures are listed according to the

This study examines the relationship between basal salivarfiomain they qL_lantlfy: 1) mood, Hamilton Depression Scale
cortisol and seizure-related cognitive impairment in patients\1@milton 1967); 2) global cognitive functioning, Mattis Demen-

before and after receiving six unilateral, nondominant ECT!a Rating Scale (Mattis 1976); 3) attention/concentration, Trail-
treatments titrated to 2.5 times the seizure threshold. The stud{‘@king Test (Army Individual Test Battery 1944; Reitan 1958);
involved a convenience sample of 16 patients who for clinical¥) executive function, Stroop Color and Word Test (Golden
reasons had consented to ECT for treatment of major depressioA976, 1978; Stroop 1935) and the Symbol Digit Modalities Test
After complete description of the study to the subjects, written(Smith 1968, 1973); 5) visuospatial memory, Wechsler Memory
informed consent was obtained. The research protocol andest subtest of Visual Recall (Wechsler 1945); 6) visuospatial
consent procedures were approved by the institutional revievprocessing speed, Employee Aptitude Survey (Ford et al 1958);
board of the California Pacific Medical Center. Subjects wereand 7) verbal memory, California Verbal Learning Test (CVLT)
included if they met the DSM-III-R diagnosis of major depres- (Delis et al 1988). This battery of tests took on average 90 min
sion or bipolar disorder, depressed; were at least 21 years old® administer.

and were able to understand the procedures to give informed The effect of ECT on mood and the cognitive measures was
consent and to participate voluntarily. Subjects were excluded ixamined and tested with pairests (two tailed). The relationship
they met DSM-III-R criteria for alcohol or drug dependence between basal salivary cortisol obtained at 8004:00Pm, and 10
within the past 6 months; had a history of multi-infarct dementia,Pm and the change score of each of 12 cognitive measures was
Parkinson'’s disease, or other neurologic disorder; or were takingxamined and tested with Pearson correlation coefficients.
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Salivary Cortisol visuospatial processing speed as indexed by the Employee
Aptitude Survey. All of these correlations were consistent
with the hypothesis that higher baseline cortisol levels

7 predicted more ECT-induced cognitive impairment.
6 Trend-level inverse correlations were found for the Mattis
. Dementia Rating Scale and the Stroop Color Test, which
5 X < is also consistent with our main hypothesis. The only
trend-level correlation between baseline cortisol and
-E' 4 : change in cognitive performance that was not consistent
B 5 with our hypothesis was the number of recognition hits on
€3 the CVLT. Of note, as seen in Table 1, the change in
5 y recognition hits was not significantly affected by ECT
. treatments. Unlike the study reported by Horne et al
1 . - (1984), elevated cortisol at baseline was not associated
- g with diminished antidepressant response. Cortisol levels
0 ‘ n were not related to seizure duration or mean electrical
8AM 4PM 10PM charge per ECT treatment.
Figure 1. Salivary cortisol levels for the 16 subjects.
Discussion
Results

This study provides preliminary support for the hypothesis

The salivary cortisol levels for the 16 subjects are prepat elevated cortisol levels predict more cognitive impair-
sented in Figure 1. The highest and lowest levels wergnent induced by a course of ECT. The study is limited by
found in the morning and evening samples, respectivelythe small sample size, the use of point measures of
showing the expected diurnal pattern of cortisol releasecortisol, and the large number of comparisons that increase
There were no significant correlations between salivarythe experimentwise error rate. Thus, the correlation of
cortisol levels, at any of the three sample times, andbasal cortisol with the decline in performance on any one
baseline mood, number of previous depressive episodesf the cognitive measures has to be interpreted cautiously
duration of the current depressive episode, or baselineecause of the high likelihood of false positive results.
performance on the cognitive measures. However, the strength of the findings lies in the near

The effect of ECT on mood and cognition is presentedconsistency of the group of significant correlations that
in Table 1. Electroconvulsive therapy resulted in a statisshow the positive relationship between baseline cortisol
tically robust improvement in ratings of depression. Elec-and the magnitude of ECT-related impairment. The only
troconvulsive therapy also was associated with a decline ifinding not consistent with this relationship was the
cognitive functioning for most but not all measures of trend-level correlation between baseline cortisol and
cognitive performance. Although all subjects receivedchange in recognition hits on the CVLT. Of note, this
nondominant unilateral ECT, the largest decrements irassociation was the only significant or trend-level corre-
performance were in the measures of delayed verbal recalation found with the 8:00:m saliva samples, where the
Visual processing speed, but not visual memory, signifi-variability in cortisol levels is the highest. Several studies
cantly worsened with ECT treatment. Global cognitive have shown that abnormalities in the diurnal cortisol
functioning and executive function also deteriorated withrhythm in depressed subjects are best detectable in
moderate to large effect sizes. Attention was only mod-evening cortisol levels (Young et al 1994).
estly affected by ECT treatment. There was no significant These data indirectly support the hypothesis posed by
correlation between the change in Hamilton depressiosapolsky and others that elevated glucocorticoids predispose
rating in response to ECT and the change in any of the 12he brain to greater malfunction and injury from seizures
cognitive measures. (Sapolsky 1985, 1986a, 1986b). Elevated levels of glucocor-

All significant and trend level correlations between ticoids may endanger the brain or compromise its function by
baseline cortisol measures and the change (timettne  a number of mechanisms including altering brain glucose
1) in cognitive performance are presented in Table 2metabolism, potentiating the toxic effect of excitatory amino
Significant inverse correlations between basal cortisol anéhcids such as glutamate, and impairing neurotrophic factors
change in cognition were found for the Symbol Digits that may be crucial for neuronal recovery from injury
Modalities Test, Perseverations and Percent recall consigSapolsky 1996). Electroconvulsive therapy is known to
tency in the CVLT, the Stroop Color and Word Test, andresult in the release of glutamate, which theoretically can
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Table 1. Effect of Six Electroconvulsive Therapy (ECT) Treatments on Mood and Cognitive

Measures
Baseline Post-ECT Effect
Measure mean (SD) mean (SD) size p two tailed
Mood
Total Hamilton 46.0 (8.5) 25.0(15.2) 1.2 .000
Global cognitive functioning
Mattis Dementia total 137.0 (11.3) 128.7 (15.9) 0.8 .009
Attention
Trails A total 41.1(17.9) 48.1 (22.4) 0.5 .065
Executive function
Stroop Word 91.7 (20.1) 80.6 (16.9) 0.7 .016
Stroop Color and Word 37.3(8.8) 34.7 (11.7) 0.4 142
Symbol Digits total 41.1 (15.6) 32.2(14.6) 0.7 .010
Visuospatial memory
Wechsler delayed recall 5.4 (2.7) 4.0 (3.2) 0.5 .066
Visuospatial processing speed
Employee Aptitude Survey 68.6 (23.3) 51.7 (29.4) 0.9 .002
Verbal memory (California Verbal Learning Test)
Recall measures
Trials 1-5 total 45.4 (13.3) 30.6 (13.4) 1.1 .000
Learning characteristics
% recall consistency 79.3 (12.3) 65.9 (20.0) 0.7 .016
Response discrimination
Perseverations 4.4 (4.3) 1.9 (2.0) 0.7 .011
Recognition hits 12.5(2.9) 11.4 (4.0) 0.5 .084
Discriminability 88.7 (9.4) 78.5 (13.2) 11 .000

2Effect size equals the difference in means divided by the SD of subjects’ change scores.

participate in a cascade of neuronal dysfunction (Charberliclinically administered during ECT. Nevertheless, ECT-
and Tsai 1998). Glucocorticoids increase the extracellulamduced cognitive impairment may be related to a revers-
concentrations of excitatory amino acids (EAAS), increasable neuronal injury that is potentiated by glucocorticoids.
the postsynaptic sensitivity to EAAs, and mobilize calcium, Interestingly, metyrapone, an inhibitor of cortisol synthe-
which in turn may lead to cellular malfunction or injury sis, has been found to significantly reduce seizure-induced
(Sapolsky 1996). hippocampal damage caused by kainic acid in animals
At present, there is no evidence that ECT, as currentl{(Smith-Swintosky et al 1996; Stein and Sapolsky 1988).
administered, causes brain damage (Devanand et al 1994)Jowever, it is not known if antiglucocorticoid treatment
However, repeated high-dose electroconvulsive shock hagould affect the reversible neuronal malfunction that is
been found to cause neuronal death in the hippocampus presumed to be induced by ECT in humans.
studies of animals (Cavazos et al 1994). The electrical The pattern of ECT-related cognitive impairment is
stimuli used in the animal studies are much higher than igonsistent with previous reports by Squire and others

Table 2. Significant and Trend-Level Correlations of Baseline Cortisol to Electroconvulsive
Therapy—Related Decline in Cognitive Performance

8:00 Am 4:00 Pm 10:00Pm Consistent with

Measure (time 2- time 1) r value @%) r value ©%) r value @) hypothesis?
Global cognitive functioning

Mattis Dementia total —.46 (.08) Yes
Executive function

Stroop Color and Word —.50 (.046) Yes

Symbol Digits total —.54 (.03) Yes
Visuospatial processing speed

Employee Aptitude Survey —.50 (.046) Yes
Verbal memory

% recall consistency —.53(.03) Yes

Perseverations .51 (.046) Yes

Recognition hits .48 (.06) No

2Two tailed.
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