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Naloxone in the Prevention of the Adverse
Cognitive Effects of ECT: A Within-Subject,

Placebo Controlled Study

Joan Prudic, M.D., Linda Fitzsimons, R.N., Mitchell S. Nobler, M.D., and Harold A. Sackeim, Ph.D.

Electroconvulsive therapy (ECT) is a highly effective
treatment for major depression, but is also associated with
characteristic cognitive side effects. Several reports
document that endogenous opioids and their receptors are
activated by electroconvulsive shock (ECS) and that
naloxone in doses sufficient to block endogenous opioid
receptors may reverse ECS-induced retrograde amnesia.
This placebo-controlled, randomized, within-patient study
was conducted to examine the potential of naloxone, given
in doses sufficient to block opioid receptors (high dose), to
ameliorate acute anterograde and retrograde memory
impairments following ECT. Compared to placebo and low
dose naloxone, high dose naloxone administered
immediately before ECT resulted in significant reductions
in anterograde amnesia, and better performance on an

attention task. Both low and high dose naloxone improved
verbal fluency. There were no beneficial effects of high dose
naloxone on retrograde amnesia, and an indication that
high dose naloxone may have worsened retrograde amnesia
for shape stimuli. There were no effects of high dose
naloxone on seizure duration, vital signs, and subjective
side effects. The study is consistent with prior research in
which change in behavioral and physiological measures was
produced principally by naloxone doses sufficient to block
endogenous opioid receptors and offers evidence of the
potential for ameliorating some adverse cognitive effects
associated with ECT. [Neuropsychopharmacology
21:285-293, 1999] © 1999 American College of
Neuropsychopharmacology. Published by Elsevier Science Inc.
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Electroconvulsive therapy (ECT) is a highly effective
treatment for major depression and a variety of other
disorders (Sackeim et al. 1995). However, the cognitive
side effects of ECT are the major factor limiting its use.
The cognitive consequences of ECT involve a period of
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postictal disorientation immediately following the in-
duced seizure, as well as a pattern of more sustained
neuropsychological deficits, principally anterograde
and retrograde amnesia (Sackeim 1992).

There is substantial evidence that electroconvulsive
shock (ECS) in experimental animals alters the concen-
trations of endogenous opioid peptides and the density
of their receptors (Holaday et al. 1986). Opioids pro-
duce effects through at least three different receptors, .,
9, and k (Mansour et al. 1988; Quirion 1988). The recep-
tors p and 8 have been extensively studied, and agonists
at these receptors generally interfere with learning and
memory, resulting in both anterograde and retrograde
amnesia. The role of k receptors in learning and mem-
ory is more complex. While k agonists may impair mem-
ory in a dose-dependent fashion (Colombo et al., 1992),
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they may also ameliorate memory deficits due to dis-
ruption of cholinergic transmission (Hiramatsu et al. 1996).

Repeated ECS stimulates the release of proenkepha-
lin and proopiomelanocortin (B-endorphin) (Tortella et
al. 1989) and results in increased abundance of mRNA
for preproenkepohalin in the hypothalmus and hippoc-
ampus (Yoshikawa et al. 1985; Xie et al. 1989; Simmons
and Chavkin 1996). In the perforant pathway, projecting
from entorhinal cortex to the hippocampal dentate gy-
rus, repeated ECS results in increased enkephalin im-
munostaining. In contrast, the release of dynorphin ap-
pears to be more complex. While increased dynorphin
immunostaining has been found in limbic and basal
ganglia structures, chronic ECS results in decreased lev-
els in the mossy fiber axons of the dentate granule cells
(Kanamatsu et al. 1986; Lason et al. 1992). Overall, it ap-
pears that repeated ECS results in widespread in-
creased synthesis and release in the proenkephalin sys-
tem, and large decreases in the prodynorphin system in
the hippocampus. Increased peptide synthesis and re-
lease may account for some findings of a sustained de-
creased density of p and 8 receptors following chronic
ECS (Nakata et al. 1985; Crain et al. 1987). In humans,
ECT has been found to result acutely in large increases
in plasma B-endorphin immunoreactivity (Alexopoulos
et al. 1983; Weizman et al. 1987; Young et al. 1991).

In a number of models, ECS and morphine show
cross-sensitization (Holaday et al. 1982), which is
thought to be mediated by similar changes in the den-
sity of opioid receptors (Hitzemann et al. 1987; Tortella
et al. 1989). A number of the postictal behavioral and
physiological changes following ECS in animals, in-
cluding antinociceptive, anticonvulsant, cataleptic, and
EEG suppressive effects are diminished or blocked by
pretreatment with opioid antagonists (Lewis et al. 1981;
Tortella and Cowan 1982; Belenky et al. 1983; Frenk and
Stein 1984; Shavit et al. 1984; Tortella and Long 1985;
Furui et al. 1986; Jackson and Nutt 1991; Jones 1991). In
turn, B-endorphin, met-enkephalin, and other opioid
peptides have been shown to have powerful, amnestic
effects, reversible by the non-specific antagonist nalox-
one (Izquierdo et al. 1980, 1997). Generally, naloxone in-
creases retention of recent learning and reduces or pre-
vents amnesia (Flood et al. 1987; Izquierdo and Netto
1990). In rats, retrograde amnesia caused by ECS can be
blocked by preventing the activation of a subset of cell
bodies in the brain B-endorphin system originating in
the midbrain reticular formation and in the locus cer-
uleus (Izquierdo and Netto 1985). Of particular rele-
vance are the findings that naloxone may reverse ECS-
induced retrograde amnesia for a shuttle-avoidance
task in rats (Messing et al. 1979; Carrasco et al. 1982).
Naloxone may also reverse the retention deficits for
learned avoidance associated with subconvulsive stim-
ulation in the amygdala (Liang et al. 1983) and impair-
ment of spatial memory due to subconvulsive stimula-
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tion in the dentate gyrus (Collier and Routtenberg
1984). These observations are consistent with the hy-
pothesis that ECT-induced cognitive impairments are
mediated, in part, by enhancement of opioidergic trans-
mission, and that manipulation of components of this
system may reduce ECT associated memory impair-
ments in patients.

The limited clinical studies of the use of opioid an-
tagonists in ECT were designed to reverse post-ECT
cognitive deficits with naloxone. Nasrallah et al. (1986)
used a double-blind, crossover design to compare the
effects of naloxone and saline three to five days after the
last ECT treatment. One of two groups received nalox-
one 0.1 mg/kgi.v. and were tested with a psychometric
battery 30 minutes and 24 hours after drug administra-
tion followed by saline administration and repeat cog-
nitive testing. A second group was administered the re-
verse sequence. Naloxone and saline could not be
distinguished in effects on any of the cognitive mea-
sures. Levin et al. (1990) used a four-fold higher dose of
naloxone (0.4 mg/kg i.v.) more proximate to the treat-
ment session, i.e., 10 minutes after the fifth or sixth
treatment session. Cognitive testing was done before
the treatment session began and 20, 50, and 90 minutes
after ECT. Here also, naloxone and saline could not be
distinguished.

Studies of cognitive performance in humans have
demonstrated no effect of naloxone when administered
in dose ranges that reverse exogenous opioids, 5 pg/kg
to 0.3 mg/kg (Volavka et al. 1979; File and Silverstone
1981; Wolkowitz and Tinklenberg, 1985). However, en-
dogenous opioids have greater affinity for opiate recep-
tors than exogenous opiate agonists or antagonists, and
the discrete brain localization of specific opioid pep-
tides raises the possibility of differential effects between
exogenous opiates and endogenous opioids. These two
factors most likely account for the findings that doses
from 0.5 mg/kg to 8 mg/kg of naloxone were necessary
to achieve reliable behavioral and physiologic changes
suggestive of the blockade of endogenous opioid sys-
tems in animals (Holtzman 1974; Arnsten and Segal
1979; Morley and Levine 1980; Gorris and van Abeleen
1981; Gallagher et al. 1983). Specifically, animal studies
of the effects of naloxone on learning and memory have
shown that higher dosage ranges were required to
achieve significant alterations (Izquierdo and Graudenz
1980; McGaugh 1983). Subsequent studies in humans
have shown that IV administration of naloxone in the 1
mg/kg to 4 mg/kg range are required to produce con-
sistent, dose-dependent changes in a variety of func-
tions thought to be mediated by endogenous opioids
(Cohen et al. 1981, 1982, 1983a,b), a condition not met in
any of the clinical trials of opioid antagonists in ECT pa-
tients.

Based on these preclinical studies of the effects of
naloxone in animals and on cognitive performance in
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humans, we studied the use of naloxone to reduce the
cognitive effects of ECT. Compared to the earlier stud-
ies in ECT, a substantially higher naloxone dosage con-
dition was examined, with naloxone administration
preceding seizure induction.

METHODS
Subjects

The sample consisted of 16 patients who met DSM-IV
criteria for major depression for whom ECT was indi-
cated as a treatment of their current episode. Patients
did not have a history of schizophrenia, schizoaffective
disorder, or rapid cycling bipolar disorder. Patients
with a history or current neurologic illness other than
conditions associated with neuroleptic exposure, or a
serious current medical illness were also excluded. Pa-
tients had no history of drug or alcohol dependence
(excluding nicotine) at any time in the past or alcohol or
drug abuse in the past year. Patients had not received
ECT during the past 6 months and had a pre-ECT score
of at least 24 on the Mini-Mental State exam (MMSE;
Folstein et al. 1975). Patients with a history of chronic or
recent narcotic use for medical reasons were excluded.
Informed consent was obtained from all study patients
after the procedures had been fully explained, and the
study was approved by the Institutional Review Board
of the Columbia-Presbyterian Medical Center and the
New York State Psychiatric Institute. All medications,
including psychotropics, were kept at constant dose
levels during the study. Table 1 provides descriptive in-
formation about the sample.

Table 1. Clinical Features and ECT Treatment Parameters

Variable Mean = SD Range
Clinical features
Age (yr) 540+ 174 28-78
Gender 12 female, 4 male
Previous history of ECT 8 yes, 8 no
Unipolar/bipolar 11 unipolar, 5 bipolar
pre-ECT HRSD 313 +54 21-41
post-ECT HRSD 92=*53 3-22
pre-ECT GAS 36.8 = 8.7 1545
pre-ECT MMS 281+1.9 24-30
post-ECT MMS 256 = 3.4 18-30
Treatment parameters
Atropine (mg) 044 +0.11 0.4-0.8
Methohexital (mg) 63.1 =149 50-100
Succinylcholine (mg) 588 +17.1 40-100
Total number of treatments 10.0 = 3.7 6-18
270.0 = 1854 72-840

Charge per treatment (mC)

HRSD, Hamilton Rating Scale for Depression; GAS, Global Assess-
ment Scale; MMSE, Mini-Mental State exam.
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ECT Treatment

Patients received bilateral ECT, using the standard bi-
frontotemporal placement (American Psychiatric Asso-
ciation, 1990). Seizure threshold was identified at the
first treatment using the empirical titration procedure
(Sackeim et al. 1987). For all subsequent treatments,
stimulus intensity was maintained at 50-100% above
the initial seizure threshold. A custom modified MECTA
SR-1 was used for stimulus delivery. Treatment was
given three times weekly. Atropine (0.4-0.8 mg IV) was
administered approximately two minutes prior to anes-
thesia induction. Anesthetic agents included methohex-
ital (0.75-1.0 mg/kg) and succinylcholine (0.75-1.0 mg/
kg). Both motor and EEG manifestations of seizures
were monitored, and EEG seizure duration exceeded 25
sec at all study sessions. Patients were oxygenated from
the onset of anesthesia until the return of spontaneous
respiration. Vital signs were obtained prior to the ad-
ministration of the study medications and peak in-
creases in blood pressure and pulse were identified
during the 5-minute period following seizure termina-
tion. The postictal interval to return of spontaneous res-
piration and eyes opening upon command were timed
relative to seizure termination. The doses of the anti-
cholinergic, anesthetic agents (Table 1), standing medi-
cations, and electrical stimulus intensity were kept con-
stant across the four treatment sessions in which the
effects of naloxone and placebo were evaluated.

Naloxone and Placebo Administration

During ECT treatment sessions 3, 4, 5, and 6, each pa-
tient received placebo (saline IV), naloxone 0.6 mg/kg
IV (low dose), or naloxone 1.6 mg/kg IV (high dose).
There were four orders of sessions: A;BCA,, A;CBA,,
BA;A,C, and CAA;B, with A; and A, representing the
first and second placebo administration, and B and C
representing low and high dose naloxone, respectively.
Patients were randomized to session order in permuted
blocks of eight. Therefore, each order was represented
four times in the sample. Placebo or naloxone was ad-
ministered by rapid bolus immediately prior to atro-
pine and anesthetic agents. The time from administra-
tion of placebo or naloxone to electrical stimulation
averaged 4.4 min (SD: 1.5), and this interval was equiv-
alent across the medication conditions (placebo, low
dose and high dose naloxone). Study medications were
prepared by a research nurse not involved in the ad-
ministration of ECT or patient evaluations. The medica-
tion conditions were double-blinded.

Clinical and Neuropsychological Assessments

Prior to the ECT course, the Hamilton Rating Scale for
Depression (HRSD, 24-item), Global Assessment Scale
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(GAS), and MMSE were administered by the study psy-
chiatrist to establish baseline severity of depression and
global cognitive function. HRSD and MMSE scores
were also obtained within two days following the ter-
mination of ECT. As seen in Table 1, across the sample
ECT exerted a marked antidepressant effect, with an
average reduction in HRSD scores of 70.8% (SD: 15.1%).
Approximately 10 minutes prior to ECT sessions 3, 4, 5,
and 6, and prior to the administration of study medica-
tions, patients were asked to memorize six words, four
shapes, and eight unfamiliar non-emotive faces (Sack-
eim et al. 1986, 1993). Different matched stimulus sets
were randomly assigned to each of the four treatment
sessions. Recall was tested immediately following pre-
sentation of the word stimuli, and for recall failures,
recognition was tested using four alternative choices.
Immediate recognition was similarly tested for the
shape and facial stimuli. Following seizure termination,
patients were administered an orientation screen. Time
to orientation was assessed with continuous question-
ing on five items (name, place, day, age, date of birth).
Correct response to four of five items was required be-
fore progressing to further cognitive testing. Time to
this criterion relative to seizure termination was re-
corded.

After passing the orientation screen, patients were
asked again to recall the words memorized prior to the
treatment. Recall failures were followed by recognition
testing. Recognition was tested for the shape and face
stimuli. Following completion of retrograde memory
recognition testing, patients were administered letter-
fluency and category-fluency tasks (Stuss et al. 1998).
Using standard instructions (Benton and Hamsher
1976), over a l-minute period patients generated as
many unique words as possible that began with the let-
ters A, B, G, or M. Similarly, patients generated unique
words that were members of the semantic categories:
countries, colors, male names, or foods. Order of the
two fluency tasks was randomized, as well as the spe-
cific letter or category used in each session. Three can-
cellation tasks were then administered involving tri-
gram (consonant-vowel-consonant), geometric shape,
and nonsense shape stimuli, with order and alternative
form randomized (Sackeim et al. 1992). Each cancella-
tion task involved crossing out 2 out of 11 unique stim-
uli distributed in a 14-row and 10-column matrix (28
targets and 112 foils).

Completion of the cancellation tasks was followed
by administration of the Buschke Selective Reminding
Task (SRT; Hannay and Levin 1985). Four matched ver-
sions of the SRT were used involving 12-item word lists
and 10 learning trials. Delayed recall of the word list
was tested 2 hours following completion of the last
learning trial. During the delay interval, one of four al-
ternative logical memory (paragraph recall) subtests of
the Randt Memory Test (Randt and Brown 1983) was
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administered including delayed recall after 2 hours.
Three hours after ECT, a subjective side effects ques-
tionnaire was administered (Devanand et al. 1995). The
cognitive testing and the side effects questionnaire
were administered by a trained neuropsychology tech-
nician, unaware of the medication conditions.

Statistical Analyses

The primary outcome measures were anterograde am-
nesia as assessed by delayed recall on the SRT and ret-
rograde amnesia for the stimuli memorized prior to sei-
zure induction. Amnesia on the SRT was quantified as
the percentage change in number of words recalled at
delayed testing relative to the number recalled on the
last learning trial. Retrograde amnesia was similarly in-
dexed by the percentage change in the number of cor-
rect responses to word, shape, and face stimuli in recall
or recognition testing following ECT relative to imme-
diate preECT testing. Secondary outcome measures in-
cluded time to recovery of orientation, accuracy on the
three cancellation tasks (correct detections minus com-
mission errors), percentage change in delayed para-
graph recall scores on the Randt relative to recall 5 min-
utes after presentation, and somatic and cognitive
complaints on the subjective side effects questionnaire.

For all dependent measures, values for the two pla-
cebo treatment sessions were averaged. Repeated mea-
sures analyses of variance were conducted with medi-
cation condition (placebo, low and high dose naloxone)
as the repeated measures factor and order of study ses-
sions as a between-subjects factor. The Huynh-Feldt
correction was used to determine significance values
for repeated measures factors with more than two lev-
els (Huynh and Feldt 1976). There were no main effects
or interactions involving order of the study sessions.
Significant effects of medication condition were fol-
lowed by paired t-tests. All significance tests were two-
tailed.

RESULTS
Seizure Characteristics

Table 2 presents descriptive statistics and F-values for
the main effect of medication condition from the re-
peated measures ANOVAs on seizure duration, vital
sign, and postictal recovery values. The medication
conditions did not differ in the motor or EEG duration
of seizures, nor in the peak increase in systolic or dias-
tolic blood pressure. Data on the change in pulse were
available for only 11 patients. There was a trend for a
main effect of medication condition. The post hoc
paired t-tests indicated that low dose naloxone did not
differ from the placebo condition in the peak increase in
pulse (t[10] = 1.10, n.s.), while there was a trend for a
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Table 2. Effects of Medication Condition on Seizure Duration and Vital Signs

Placebo Low Dose Naloxone  High Dose Naloxone F¢ P
Motor seizure duration (sec) 37.1 +10.8 38.1 +12.3 36.2 =134 0.21 ns
EEG seizure duration (sec) 52.8 +15.0 57.7 £ 259 54.3 = 20.1 0.43 ns
Peak increase in systolic blood pressure (mm hg) 41.7 =170 51.7 = 18.1 447 +17.2 1.03 ns
Peak increase in diastolic blood pressure (mm hg) ~ 23.5 + 16.2 238 £12.3 25.6 = 20.8 013 ns
Peak increase in pulse (bpm) 251+ 104 29.5+195 375+ 185 378 .06
Postictal time to spontaneous respiration (min) 23*09 22*10 1.9 =09 1.52 ns
Postictal time to eyes open on command (min) 63 +25 59+33 54+20 2.41 ns

“F value for the main effect of medication condition (df = 2, 24) in repeated measures ANOVA. For peak increase in pulse (df = 2, 14).

greater increase with high dose naloxone relative to
placebo (t[10] = 1.89, p = 0.09). The pattern of the
means suggested that high dose naloxone may have re-
sulted in more rapid return of spontaneous respiration
and eyes opening upon command during the immedi-
ate postictal period. However, these differences among
the medication conditions were not significant.

Primary Outcome Measures

As seen in Table 3 and Figure 1, the medication condi-
tions differed in amnesia scores for the SRT task. Rela-
tive to placebo, high dose naloxone resulted in a sub-
stantial decrease in anterograde amnesia (t[15] = 2.17, p <
0.05), while low dose naloxone had no effect (t[15] =
0.26, n.s.). Subsequent analyses indicated that the medi-
cation conditions did not differ in total recall scores or
last trial recall scores from the learning phase of the
SRT. The advantage for high dose naloxone was attrib-
utable to superior recall at the two hour delay.

The repeated measures ANOVA on the retrograde
amnesia scores included task (word, shape, face) as a
within-subject factor. There was a significant main ef-

fect of medication condition, and no interactions in-
volving task. Total amnesia scores across the three tasks
are presented in Table 3. High dose naloxone had the
highest total retrograde amnesia score across the tasks,
while low dose naloxone had the lowest score. The dif-
ferences between each of the two active conditions and
placebo did not approach significance, but scores in the
low dose and high dose naloxone conditions differed
(t[15] = 2.27, p = 0.04). Table 3 also presents scores for
the medication conditions on each of the three retro-
grade memory tasks. The pattern seen with total amne-
sia scores was largely determined by the shape task. For
this task, high dose naloxone had higher amnesia scores
than both placebo (t[15] = 2.71, p = 0.02) and low dose
naloxone (t[15] = 3.40, p = 0.004).

Secondary Outcome Measures

As shown in Table 3, the medication conditions did not
differ in time to pass the orientation screen. This indi-
cated neuropsychological testing started at equivalent
time points in the postictal period.

Table 3. Effects of Medication Condition on Primary and Secondary Outcome Measures

Placebo Low Dose Naloxone High Dose Naloxone F* p
Primary measures
SRT amnesia (%) 64.8 + 23.2 63.3 = 28.2 39.5 +47.6 4.17 .03
Total retrograde amnesia (%) 434 +17.7 39.8 £17.2 49.0 = 15.9 3.60 .01
Word 504 241 433 =254 40.6 = 33.3 0.34 ns
Shape 474 £22.7 38.0 = 21.5 61.4 =219 8.65 .002
Face 354 £ 23.6 36.3 £279 449 =219 1.09 ns
Secondary measures
Time to orientation (min) 29.2 + 169 27.3 139 29.2 = 18.0 0.13 ns
Verbal fluency total 19.6 =+ 11.1 237 £11.2 225+115 3.64 .04
Letter 89+55 99*53 10.1 = 6.3 1.83 ns
Category 10.7 £ 6.3 13.8 * 6.6 12459 3.19 .09
Total cancellation accuracy 45.7 = 16.3 49.6 £22.7 56.1 £13.8 4.57 .02
Cancellation time (min) 62 *+0.3 6.1 =03 6.1 =04 1.60 ns
Paragraph recall amnesia (%) 50.8 = 45.6 48.6 = 42.7 342 =445 0.91 ns
Subjective side effects
Cognitive 1.6 0.5 1.8 0.6 1.6 0.7 1.45 ns
Systemic 1.3 x01 1.3 02 1406 1.21 ns

“F value for the main effect of medication condition (df = 2, 24) in repeated measures ANOVA.
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Figure 1. Anterograde amnesia scores on the Selective

Reminding Test as a function of placebo and low and high
dose naloxone conditions.

The repeated measures ANOVA on verbal fluency
scores included task (letter vs. category) as a within-
subject term. There was a significant main effect of
medication condition and no interactions involving
task. Total scores across the two fluency tasks are pre-
sented in Table 3. Paired t-tests indicated that these
scores were higher in the low dose naloxone relative to
the placebo condition (t[15] = 247, p = 0.03) and
tended to be higher in the high dose naloxone relative
to the placebo condition (t[15] = 1.83, p = 0.09). As seen
in Table 3, this pattern was manifested with both tasks.

The repeated measures ANOVA on accuracy scores
on the cancellation tasks included task (trigram, geo-
metric shape, nonsense shape) as a within-subject fac-
tor. There was a main effect of medication condition,
and no interactions involving task. Table 3 presents to-
tal accuracy scores across the three cancellation tasks.
High dose naloxone resulted in significantly superior
performance relative to placebo (t[15] = 3.63, p = 0.003),
with a trend for an advantage relative to low dose
naloxone (t[15] = 1.82, p = 0.09). Low dose naloxone
and placebo did not differ (t[15] = 0.95, ns). This pat-
tern was manifested with each of the three cancellation
tasks. According to the data presented in Table 3, there
was no difference among the medication conditions in
time to complete the cancellation tasks. Consequently,
the performance advantage for high dose naloxone was
not attributable to a speed/accuracy trade-off.

The medication conditions did not differ in amnesia
scores for delayed paragraph recall. While the patterns of
means suggests an advantage for high dose naloxone,
there was considerable variability in this effect (Table 3).

Scores were averaged on the side effects question-
naire for six items that pertained to subjective cognitive
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side effects (e.g., confusion, memory problems) and 35
items that pertained to systemic side effects (e.g., head-
ache, nausea). The repeated measures ANOVA in-
cluded question type (cognitive vs. systemic side effect)
as a within-subjects term. Neither the main effect nor
interactions involving medication condition were sig-
nificant.

DISCUSSION

A variety of pharmacological agents from different
classes have been found in animals models to reduce
the adverse cognitive effects of ECS (Krueger et al.
1992). There have been few attempts, however, to test
clinical utility in psychiatric patients receiving ECT.
Some studies of thyroid supplementation (Stern et al.
1991) and cholinergic enhancers (Levin et al. 1987) have
yielded results suggesting protective effects in ECT.

This study suggests that naloxone administered in
high dosage prior to the conduct of ECT may result in
diminution of some acute cognitive side effects. An ad-
vantage for high dose relative to low dose naloxone and
placebo was obtained for the primary measure of anter-
ograde amnesia, SRT forgetting scores over a delay. A
similar, but not significant pattern, was observed with a
secondary measure of anterograde amnesia, forgetting
scores over a delay for paragraph recall. In addition,
naloxone in high dosage resulted selectively in im-
provement in cancellation task performance, a measure
of the integrity of attentional processes (Mesulam 1985).
Relative to placebo, both low and high dose naloxone
appeared to improve verbal fluency. Processes shared
by letter and semantic fluency tasks include the initia-
tion of a retrieval strategy and speech, semantic and
lexical access, articulatory rehearsal, higher-level asso-
ciative-semantic retrieval, sustained production and
short-term memory (Stuss et al. 1998).

The findings were not uniform regarding a beneficial
effect of high dose naloxone on postictal cognitive im-
pairments. In particular, there was no evidence of an
advantage for this intervention with the primary out-
come measure that assessed retrograde amnesia. In-
deed, there was a suggestion that the high dose condi-
tion resulted in increased forgetting for material
learned prior to the treatment, at least when compared
to low dose naloxone. This potential worsening of ret-
rograde amnesia appeared to be especially marked for
memory of shape stimuli. The absence of beneficial ef-
fects of high dose naloxone on the measure of retro-
grade amnesia is particularly puzzling since the pre-
clinical research demonstrating naloxone reduction or
prevention of the amnestic effects of ECS primarily
used retrograde memory paradigms (Messing et al.
1979; Carrasco et al. 1982). The absence of a beneficial
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effect of naloxone on the speed of orientation recovery
was congruent with the findings regarding retrograde
amnesia. There is evidence linking the magnitude and
persistence of retrograde amnesia following ECT to the
speed of postictal orientation recovery (Daniel et al.
1987; Sobin et al. 1995). Thus, the beneficial effects of
high dose naloxone were restricted to aspects of cogni-
tive performance assessed during the postictal period,
and did not extend to memory for information learned
just prior to ECT. It is possible that high dose naloxone
did not specifically ameliorate ECT-related deficits, but
resulted in improved postictal performance due to non-
specific enhancement of attention or other cognitive
processes.

For the most part, naloxone at low dosage did not re-
sult in alteration of behavioral or physiological mea-
sures. The previous trials in ECT had used low dosage
with naloxone administered minutes (Levin et al. 1990)
or days (Nasrallah et al. 1986) following ECT treatment.
In line with the preclinical (Izquierdo 1980; Izquierdo
and Graudenz 1980; McGaugh 1983) and human (Co-
hen et al. 1981, 1983a, 1983b) evidence regarding behav-
ioral effects, higher dosage of naloxone may be needed
to reduce the cognitive side effects of ECT. Further, the
administration of naloxone prior to seizure induction
may be a more effective strategy in blocking the behav-
ioral effects resulting from the release of opioid neu-
ropeptides with seizure induction.

Using a within-subject design, this study only exam-
ined the effects of low and high dosage naloxone on the
acute cognitive consequences of a single ECT treatment.
In our view, sufficient evidence of positive effects of
high dose naloxone was obtained to warrant examina-
tion of cumulative protective effects, using a parallel
design with naloxone or placebo repeatedly adminis-
tered at each treatment during the ECT course. Such a
trial would be of interest with respect to both effects on
cognition and efficacy. Preclinical studies have indi-
cated that naloxone can block some of the anticonvul-
sant properties of ECT, including the progressive rise in
seizure threshold (Isaac and Swanger 1983; Tortella and
Long 1985; Tortella et al. 1989). In an uncontrolled
study of four patients with short seizure duration, it has
been reported that pretreatment with naloxone can in-
crease ECT seizure duration (Rasmussen et al. 1997). It
has long been suggested that the anticonvulsant and
antidepressant effects of ECT are linked (Sackeim et al.
1983; Post 1990; Sackeim, in press). Establishing that re-
peated pretreatment with naloxone blocks the progres-
sive rise in seizure threshold without impact on efficacy
would seriously challenge this hypothesis. However,
blockade by naloxone of the anticonvulsant properties
of ECT has yet to be demonstrated in the human, and it
is noteworthy that in this study neither low or high dos-
age naloxone influenced motor or EEG measures of sei-
zure duration.
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