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The science of electroconvulsive therapy (ECT) has pro- schizophrenia would relieve psychosis. ECT was developed 
gressed rapidly over the last 20 years, providing new insights at approximately the same time as frontal leukotomy (2) 
into the mechanisms of action of ECT, improving both the and insulin coma therapy (3), but these treatments carried 
acute and long-term efficacy of the treatments, and decreas- a high morbidity, and were replaced by modern psychophar­
ing cognitive problems associated with the treatments. The macology in the 1950s and 1960s. The indications for ECT 
anticonvulsant hypothesis unifies many of the scientific were established during this time, and its use in conditions 
findings in electroencephalography, neuroimaging, and other than mood disorders and schizophrenia diminished. 
clinical studies to provide a coherent testable hypothesis of ECT has remained as an accepted medical treatment for 
the therapeutic mechanism of ECT. This hypothesis as- depression and was one of the most significant medical ad­
sumes that ECT enhances the transmission of inhibitory vances in the twentieth century. However, in 1950 the mor­
neurotransmitters and neuropeptides and that the active tality and morbidity from ECT were unacceptably high and 
process of inhibiting the seizure is essential to the therapeu- most of the early research in ECT focused on the safety and 
tic action of ECT. New data are presented on improvements efficacy of the treatments. The death rate was approximately 
in the acute efficacy of ECT with suprathreshold (eight to 0.1% (4) and the risk of fractured bones estimated to be as 
10 times the seizure threshold) right unilateral ECT, and high as 40% (5). Over the last half century, the mortality 
three NIMH-supported studies are discussed that examine from ECT has decreased dramatically because of a number 
the efficacy of maintenance therapies. Decreasing cognitive of advances, including the widespread use of modern anes­
side effects of ECT is another area of active research; changes thetic agents (e.g., methohexital) (5) and succinylcholine 
in techniques and medication treatments are highlighted. (6), the introduction of cardiac and electroencephalogram
Finally, two new treatments using subconvulsive stimuli, (EEG) monitoring during treatments (7), and medications 
repetitive transcranial magnetic stimulation, and vagal nerve used to decrease the acute hemodynamic response during
stimulation are discussed and compared to ECT. ECT (8). Abrams put the risk of mortality from ECT into 

Cerletti and Bini (1) first investigated ECT as a treatment perspective in 1997. He noted that ECT was ten times safer 
for psychosis in 1938, theorizing that epilepsy and schizo- than childbirth and an order of magnitude less that the 
phrenia were incompatible. They hypothesized that the arti- spontaneous death rate in the population (9).
ficial induction of seizures in nonepileptic persons with Today, ECT is recognized as a safe treatment for depres­

sion and, despite the advances in pharmacotherapy in the 
last four decades, ECT continues to be the most effective 

William M. McDonald: Department of Psychiatry and Behavioral Sci- treatment for severe melancholic depression. Four areas of 
ences, Emory University, Atlanta, Georgia research are important as we move into the twenty-first 

W. Vaughn McCall: Department of Psychiatry, Bowman Gray Medical century: developing a scientific understanding of the mecha-
Center, Winston Salem, North Carolina 

Charles M. Epstein: Department of Neurology, Emory University, At- nisms of action of ECT, optimization of the efficacy of 
lanta, Georgia acute courses of ECT, treatment of the cognitive side effects 



1098 Neuropsychopharmacology: The Fifth Generation of Progress 

of ECT, and continuing research into the efficacy of differ­
ent ECT techniques, including novel electrode placements 
and continuation/maintenance ECT. 

MECHANISM OF ACTION OF ECT 

Salzman asserts that the psychiatric community continues 
to show ambivalence toward ECT and ECT research has 
suffered as a consequence (10). Although there are active 
steps within the NIMH to address these issues and provide 
more focused research in ECT (10), an understanding of 
the basic mechanisms by which ECT exerts its effect is still 
unclear. This fact is an irony given that ECT is one of the 
few treatments in psychiatry that was theoretically based 
(11). Although the original hypothesis that epilepsy and 
psychosis could not coexist in the same patient was later 
proven incorrect, the treatment of depression by inducing 
seizures in patients first with camphor monobromide and 
later by electrically induced convulsions is one of major 
medical breakthroughs of the past century. 

One of the most confusing aspects of accepting ECT as 
a treatment for depression in the lay public and patients is 
the inability of clinicians to clearly explain how ECT is 
effective in relieving symptoms of depression. Patients have 
difficulty understanding how a treatment that is so seem­
ingly toxic to the brain (i.e., causing a seizure) could actually 
be therapeutic. Patients readily accept that the therapeutic 
effect of antidepressants is to replete a serotonin deficit. 
However, the antidepressant medications have a number of 
other effects on a variety of neurotransmitters, regulatory 
hormones, and cellular mechanisms. 

The mechanism by which a convulsive stimulus acts as 
one of the most powerful antidepressants is equally complex 
but the explanation may be as simplistic: ECT works by 
increasing natural brain substances that decrease the excita­
bility of the brain. The unique therapeutic action of ECT 
is that the induced-seizures last only seconds and not min­
utes or hours. The physician’s contribution to the ECT 
treatment is the induction of a seizure; the patient’s contri­
bution is turning the seizure off. Seizure termination is an 
active process that underlies the therapeutic mechanism of 
the treatment. This idea is elaborated on in the following 
but may give us a plausible explanation for patients on the 
mechanism of action of ECT. 

The earliest attempts at understanding the importance 
of a convulsion in ECT focused on terminating the ECT-
induced seizure with lidocaine to determine if the length 
of a seizure correlated with the efficacy of the treatment 
(12). The initial finding was that an ECT seizure had to 
continue for at least 25 seconds to be therapeutic (13) and 
the patient had to accumulate a minimal number of seconds 
of EEG seizure time during a course of ECT (14). 

A popular theory of the mechanism of action of ECT, the 
diencephalic hypothesis (15,16), assumed that the degree of 

response to ECT was correlated with stimulation of the 
deep brain structures that regulate the hypothalamic pitui­
tary–endocrine end axis activity. Stimulation of this system 
resulted in the release of pituitary hormones such as adreno­
corticotropin hormone (ACTH), thyrotropin, prolactin, 
oxytocin, and vasopressin. Research using rodents adminis­
tered electroconvulsive shock (ECS) and examining the CSF 
of patients receiving ECT has supported a relationship be-
tween increases in neuropeptides during the convulsive 
stimulus (17). According to the diencephalic hypothesis, 
ECT seizures that have a longer duration, and ECT param­
eters that are more effective at stimulating the diencephalic 
structures (i.e., bilateral [BL] greater than unilateral [UL] 
and high-dose greater than low-dose ECT), therefore, 
would be more effective in treating depression. 

Both of these assumptions have been questioned recently. 
Sackeim and colleagues were the first to demonstrate that 
the therapeutic benefit of the ECT seizure was dependent 
on the amount above the individual patient’s seizure thresh-
old that the stimulus was administered and not simply the 
duration of the seizure (18). Although the acute release of 
neuroendocrine markers did correlate with the type of sei­
zure administered and seizure duration, the expected corre­
lation between the acute surge in plasma oxytocin, vasopres­
sin (19), or prolactin (20), and clinical response to ECT 
was not shown in studies of depressed patients receiving a 
course of ECT. 

Recent research on predicting a patient’s response to 
ECT have focused less on the quantitative analysis of seizure 
duration and more on the relationship between a qualitative 
analysis of the ictal and postictal seizure morphology to 
therapeutic response (21,22). ECT-induced seizures have a 
characteristic pattern of hypersynchronous neuronal dis­
charge with excitation of cortical neurons during the initial 
tonic phase, followed by alternating excitatory and inhibi­
tory effects in the clonic phase, and finally postictal suppres­
sion owing to inhibition and neuronal hypoexcitability. 

A number of treatment-related factors affect seizure mor­
phology, including electrode placement, the percentage 
above the seizure threshold that the stimulus is adminis­
tered, and the stimulus waveform (23). A number of features 
of the ictal EEG seizure that demonstrate a more intense 
seizure predict clinical response to ECT. (See ref. 24 for 
review.) Seizure intensity is measured by increased ictal EEG 
amplitude (high-voltage spikes and waves), symmetry or co­
herence of ictal EEG amplitude between the right and left 
hemispheres, and weaker postictal hemispheric coherence, 
longer duration of stereotypic ictal EEG pattern, and greater 
postictal suppression or flattening of the EEG. These seizure 
characteristics have been used to predict the efficacy of an 
ECT course (22,25–27), or more precisely these variables 
can be used to predict when a seizure is not adequate. Inade­
quate EEG seizures have low-amplitude waves and are not 
symmetric, with no clear ending of the seizure in the postic­
tal period. 



Analysis of the EEG morphology has been used to deter-
mine seizure intensity (26). Clinicians can be trained to 
visually inspect the EEG strips during ECT and determine 
the adequacy of the seizure by evaluating the amplitude of 
the ictal EEG relative to baseline, symmetry of right and 
left hemispheric EEGs, distinct spike and wave pattern, and 
degree of postictal suppression (28). Both the Thymatron 
DGx ECT device (Somatics Inc., Pine Bluff, IL) and the 
MECTA 5000Q ECT device (MECTA Corp., Lake Os­
wego, OR) provide measures of the quality of the EEG. 
Although further testing of the clinical use of the computer-
assisted EEG analysis provided with these machines is neces­
sary, these devices may add to stimulus dosing, particularly 
in patients administered UL ECT, in determining if a sei­
zure is adequate (24,27,29). 

Another promising area of investigation into the mecha­
nism of ECT is research correlating functional brain imag­
ing with response to ECT. Studies have shown an increase 
in cerebral blood flow (CBF) up to 300% of baseline values 
with an accompanying increased permeability of the 
blood–brain barrier and increased cerebral metabolic rate 
(CMR) up to 200% during the ictal period (30). In contrast, 
CBF decreased to levels below baseline (31) or returned to 
baseline (32) and PET scans showed a marked decrease in 
CMR in the postictal period (33). 

Although there have not been any clinical studies corre­
lating the increase in CBF/CMR during the ictal period 
with clinical response, Nobler and colleagues (34) found a 
correlation between decreased CBF in the immediate postic­
tal period and clinical response. This well-designed study 
included 54 depressed patients imaged using the Xenon 
inhalation technique. Patients showed a low baseline CBF 
compared to matched controls, and their response to ECT 
was correlated with the further decrease in CBF from base-
line. These changes were greatest in the anterior cortical 
regions and the degree of change was correlated with clinical 
improvement on the Hamilton Depression Rating Scale. 
Moreover, these reductions in CBF persisted for the 2-
month follow-up in responders, was correlated with im­
provement in depression scores and the nonresponders con­
tinued to have an increase in CBF compared to baseline. 
Nobler and Sackeim (35) point out that decreased CBF in 
the anterior cortex supports earlier findings by Max Fink 
(36,37) and their own group (38) of a relationship between 
frontal delta activity on EEG and response to ECT. There 
are additional data suggesting that the reductions in cerebral 
blood flow that occur immediately after ECT may persist 
for days (39) to months (40) after the treatments and the 
most dramatic reductions occurred in the frontal cortex. 

Sackeim has unified many of these EEG, CBF, and CMR 
findings with preclinical research in the anticonvulsant hy­
pothesis as the mechanism of action of ECT (40). During 
a course of ECT, the patient’s seizure threshold is increased 
and seizure duration decreases during the first several treat­
ments (41,42). ECT seizures usually are limited to less than 
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1 minute and there is an active inhibitory process in the 
interictal and postictal states evident by the development of 
slow or delta waves and decreases in the CBF and metabolic 
uptake of glucose. The anticonvulsant properties of ECT 
are hypothesized to occur because of enhanced transmission 
of inhibitory neurotransmitters and neuropeptides (e.g., 
GABA and endogenous opioid concentrations) and are an 
essential element of the therapeutic effect of ECT in mania 
and depression. 

The magnitude of the seizure threshold increase is greater 
in more effective methods of administering ECT (i.e., high-
dose UL and low-dose BL versus low-dose UL) and is corre­
lated with clinical response (18,43). Clinically, Sackeim 
cites unpublished data that the patients who return to an 
acute course of ECT after relapsing have the same seizure 
threshold that they had at the start of treatment. However, 
it is unclear whether the return of the seizure threshold to 
baseline occurs after an acute course of ECT in all patients 
or only in patients who relapse. The duration of the seizure 
is also decreased over a series of treatments and is another 
indication of the anticonvulsant effect of ECT. However, 
seizure duration is not related to efficacy unlike seizure 
threshold (43). 

The EEG of the patient during and immediately follow­
ing therapeutic ECT treatments indicate that there is an 
ongoing active process in which the brain is inhibiting the 
seizure process. Inhibitory processes include the early onset 
of high amplitude slow-wave activity after the tonic phase 
of the seizure and bioelectric postictal suppression processes 
(21,22,27,44–46). The efficacy of ECT has been correlated 
with the early onset of these inhibitory processes, a fact that 
supports the anticonvulsant hypothesis. Two elements of 
seizure expression, seizure strength and peak amplitude of 
slow-wave activity, were inversely correlated with seizure 
threshold and the third element, postictal bioelectric 
suppression, was not related to seizure threshold (40). Be-
cause the seizure threshold is increasing during the treat­
ment course, two of the essential elements of a therapeutic 
seizure (seizure strength and peak amplitude of slow-wave 
activity) are deteriorating, thereby limiting the effectiveness 
of subsequent seizures. This finding provides the rationale 
for developing EEG algorithms (see the preceding), increas­
ing the stimulus dosing or retitrating the seizure threshold 
during a course of ECT in patients who are not responding. 

During a course of ECT, as in epilepsy, CBF/ CMR 
increase dramatically during the seizure and decrease below 
baseline in the interictal and postictal states (35). Patients 
responding to ECT show a more marked global decrease 
in CBF as well as specific reductions in the anterior frontal 
cortex (34). These changes were correlated with an increase 
in the seizure threshold. Finally, increasing slow-wave activ­
ity in the frontal cortical regions after ECT was also associ­
ated with clinical improvement (38). Both these finding 
support the anticonvulsant hypothesis. 

The anticonvulsant hypothesis unifies many research 
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findings and provides important new leads that have the 
potential for improving clinical outcomes and predicting 
patients who are at risk of relapsing after ECT. The anticon­
vulsant properties of ECT related to clinical outcome in­
clude an increase in the seizure threshold during a course of 
ECT, early onset of slow-wave activity interictally, distinct 
postictal suppression, and decreases in CBF/CMR and in-
creased slow-wave activity after a series of treatments. 

An anticonvulsant mechanism for ECT would be unique 
when compared to the antidepressant medications (which 
are rarely associated with seizures) and anticonvulsant medi­
cations (e.g., valproic acid and carbamazepine), which have 
only moderate antidepressant efficacy (47). However, there 
is evidence that newer anticonvulsant medications, includ­
ing lamotrigine, may be more effective in the depressed 
phase of bipolar illness (48). The mechanism by which the 
anticonvulsants exert their antidepressant effects is poorly 
understood and is hypothesized to occur through a number 
of neurotransmitters, including inhibiting the presynaptic 
release of excitatory amino acids (e.g., glutamate) and en­
hancing the effect of inhibitory neurotransmitters and neu­
ropeptides. 

New research should focus on testing the anticonvulsant 
hypothesis and determining the neurotransmitters essential 
for the antidepressant properties of ECT. Examining the 
relationship of the anticonvulsant effects of ECT to the 
efficacy of the treatments by blocking or augmenting 
the anticonvulsant properties of ECT can test this hypothe­
sis. For example, CSF neuropeptides associated with the 
anticonvulsant effects of electroconvulsive shock (ECS) have 
been isolated in laboratory animals (49). These neuropep­
tides could be given in conjunction with ECS to determine 
if the coadministration of these neuropeptides would block 
the therapeutic efficacy of ECS (50). Although ethical con­
siderations may limit this type of research in humans, stud­
ies could be designed to investigate the relationship of the 
acute rise in endogenous anticonvulsant substances (includ­
ing GABAergic and endogenous opioids) in the CSF of 
ECT responders versus nonresponders. 

Clinical research should continue to concentrate on de­
veloping algorithms to determine the relationship of ECT 
treatment variables (e.g., seizure threshold) to ECT response 
or the loss of seizure efficacy during a course 
algorithms can test the anticonvulsant 
clinicians in administering effective treatments. 
variables (e.g., diminished CBF in the anterior 
may also be investigated to predict relapse. 

OPTIMIZATION OF ACUTE EC 

ECT is widely cited to have an antidepressant 
greater than 80% (51). More recently, 
tients achieving remission after an acute 
conservatively estimated at between 50% 

reason for this apparent decline in efficacy is the increasing 
resistance to treatment among the patients referred for ECT 
in the last 15 years. Prior to the development of the seroto­
nin reuptake inhibitors (SSRIs), the most common reason 
for referral for ECT was intolerance of available antidepres­
sant medications, chiefly tricyclic antidepressants (TCAs), 
and monoamine oxidase inhibitors (MAOIs). Intolerance 
to antidepressant pharmacotherapy was particularly impor­
tant in the elderly who constitute the majority of patients 
referred for ECT. The elderly are also the patient group 
most susceptible to the side effects of TCAs and MAOIs. 
The advent of SSRIs, serotonin, and norepinephrine reup­
take inhibitors (SNRIs), 5-HT2A blockers, and other novel 
antidepressants in the last 15 years has radically changed 
the medication histories of the patients referred for ECT. 
These newer agents are remarkably well tolerated, and a 
majority of patients receiving ECT have had at least one 
complete trial of an antidepressant without improvement. 
These patients who are refractory to antidepressant medica­
tions are also more refractory to ECT. The ECT response 
rate in antidepressant medication-refractory patients is 
probably no better that 50%, whereas the response rate in 
medication naive patients is closer to the historically quoted 
80% to 90% (52). The problem of decreased acute response 
to ECT in this growing population of medication-refractory 
patients has led to new interest in the technical factors that 
control the response to acute ECT. Among these factors are 
electrode placement, stimulus dose, and possibly concurrent 
medications. 

Despite 60 years of clinical application, the ECT field 
has only recently come to appreciate the relative contribu­
tions of stimulus electrode placement and stimulus intensity 
to the therapeutic and adverse effects of ECT. As previously 
discussed, clinical wisdom prior to 1987 taught that as long 
as the EEG seizure during ECT was �25 seconds, then the 
treatment was maximally effective. This belief was refuted 
by Sackeim and colleagues’ report that when ECT is deliv­
ered with right unilateral (RUL) electrode placement and 
a stimulus just barely above the patient’s seizure threshold, 
then the antidepressant response rate was approximately 
20%, despite seizure durations �25 seconds (18). Further 
work by this group clarified that the efficacy of right unilat­
eral (RUL) ECT was exquisitely sensitive to the magnitude 

TABLE 76.1. ANTIDEPRESSANT RESPONSE 
RATE BY ELECTRODE PLACEMENT AND 
STIMULUS DOSE 

Barely 2.5-Times 
Suprathreshold Threshold 

RUL 17% 43% 
BL 65% 63% 



This work demonstrated that, within the stimulus dose 
studied, the efficacy for RUL was sensitive to dose, whereas 
the efficacy of bilateral (BL) ECT was insensitive to dose. 
Also, RUL ECT appeared inferior to BL ECT at any dose. 
Subsequent work confirmed that the efficacy of RUL ECT 
is dose dependent and that RUL ECT administered at six 
times the initial seizure threshold is as effective as BL ECT 
with fewer cognitive side effects than BL ECT (54). McCall 
and colleagues found a dose–response relationship in pa­
tients receiving RUL ECT that extended to 12 times the 
seizure threshold and, as predicted, cognitive side effects 
were increased as the stimulus dose increased relative to the 
seizure threshold (55). The response rate for RUL ECT at 
eight to 12 times threshold was about 70%, approximately 
the rates typically quoted for BL ECT. 

Based on this new information, it seems reasonable to 
recommend that ECT be delivered with either BL electrode 
placement at a stimulus dose just above threshold, or with 
RUL placement at a stimulus dose markedly above thresh-
old. Less intensive strategies (i.e., RUL at 2.5 times thresh-
old) should probably be avoided for routine use. Although 
it is clear that the lower intensity RUL strategies have less 
acute amnesia side effects, this advantage is probably offset 
by poorer efficacy and consequently poorer quality of life 
(QOL), because depression severity is among the best pre­
dictors of QOL in severely depressed patients (56,57). 

There remain three important considerations in the rou­
tine use of titrated unilateral ECT. First, many psychiatrists 
are hesitant to determine the seizure threshold because they 
feel that the procedure is medically dangerous. There is a 
potential risk to stimulating the vagus nerve with subconvul­
sive stimuli without adequate compensatory adrenergic dis­
charge from a seizure and the possibility of prolonged asys­
tole. However, a controlled operative setting with cardiac 
monitoring decreases the possibility of brief periods of 
bradycardia causing any significant risk for a majority of 
patients. 

Second, some would argue that the initial treatment in 
a series of titrated seizures is a ‘‘wasted’’ seizure, adding 
to costs and potential cognitive side effects without any 
significant therapeutic benefit to the patient. The unilateral 
seizure at or near the seizure threshold used during the initial 
treatment setting to determine seizure threshold probably 
adds little benefit. However, the potential advantages of 
determining the seizure threshold and adjusting the subse­
quent seizures to the threshold has advantages in maximiz­
ing benefit and decreasing the potential for future ineffective 
treatments (if the energy delivered is too low) and cognitive 
side effects (if the energy is too high). 

Finally, fixed high dose RUL ECT is an effective treat­
ment for depression (55,58) and this data could obviate the 
need to determine seizure threshold. Because the majority 
of patients treated with ECT are older and older patients 
have very high seizure thresholds, dose titrations at eight to 
ten times threshold are generally at or above the 400-mC 
range used by McCall and associates. In fact, in some older 
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patients even a suprathreshold stimulus set at 400 mC may 
be too low to achieve antidepressant efficacy. 

Continued support for the efficacy of suprathreshold 
RUL ECT has raised some concern about the fact that ECT 
machines in the United States are restricted in the amount 
of energy they can deliver per treatment (504 to 576 mC 
maximal output). Abrams argues that the FDA mandated 
maximum output for ECT machines used in this country 
often does not allow for the administration of effective su­
prathreshold treatments and has called for a reexamination 
of these guidelines (59). 

The question of whether or not to continue, discontinue, 
or initiate antidepressant medication during a course of 
acute ECT is also pertinent to the issue of improving the 
response rate among patients with a history of antidepres­
sant medication resistance. Clinically, physicians are divided 
in their practice regarding antidepressant medications dur­
ing ECT, and there are no good data to support any posi­
tion. One of the developments in ECT practice in the 1990s 
was the occurrence of SSRI-resistance in ECT patients, and 
the virtual lack of TCA trials in these same patients before 
coming to ECT. This is especially important because there 
are some data to suggest that TCAs (i.e., nortriptyline) may 
be more effective than SSRIs in the severely depressed or 
hospitalized elderly (60). Possibly, the addition of an antide­
pressant (i.e., nortriptyline) may improve the antidepressant 
response to ECT in patients with a history of novel-antide­
pressant resistance. 

PREVENTION OF RELAPSE AFTER ECT 

In general, patients who receive an acute course of ECT are 
either subsequently resistant or intolerant of antidepressant 
medications. Patients diagnosed with psychotic depression 
are particularly susceptible to relapse after an acute course 
of ECT. Two studies found a relapse rare of approximately 
70% in 1 year for a total of 53 patients with a diagnosis of 
psychotic depression (61,62). These studies were retrospec­
tive and could not examine compliance rates or the ade­
quacy of either the initial (pre-ECT) or continuation medi­
cation trial. 

In a prospective study, Sackeim and co-workers (63) fol­
lowed 58 patients for 1 year after ECT. They examined a 
number of clinical variables including a retrospective review 
of the adequacy of the pre-ECT medication trial. The most 
important factor in determining relapse on maintenance 
medication after an acute course of ECT was the adequacy 
of the pre-ECT medication trial. Patients (with and without 
psychotic features) who were rated as receiving a therapeutic 
medication trial(s) prior to their acute course of ECT re-
lapsed at a rate that was twice the rate found in patients 
who did not receive an adequate pre-ECT medication trial 
(64% versus 32%). The maintenance medication was not 
standardized but the results indicated that the adequacy of 
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the post-ECT medication trial was only marginally related 
to the relapse rate and then primarily in patients who did 
not have an adequate pre-ECT medication trial. The pa­
tients who were not determined to be medication resistant 
prior to ECT had a lower relapse rate when they received 
an adequate maintenance medication trial. Sackeim and as­
sociates argue that many of these patients may have re­
sponded to antidepressant medication prior to ECT if they 
had received an adequate trial. The overall relapse rate re­
mained very high (approximately 50%) and most of the 
patients who relapsed did so in the first 4 months of this 
1-year follow-up study. This finding indicates that the effi­
cacy of ECT may be relatively transient. Given the increas­
ing medication resistance found in most ECT patient popu­
lations, the clinical challenge is increasingly to determine 
the most effective maintenance treatments and increasingly 
physicians are utilizing maintenance ECT. 

The American Psychiatric Association’s (64) clinical 
guidelines for continuation ECT (C-ECT) include patients 
who: (a) have recurrent depressive episodes responsive to 
ECT; (b) demonstrate resistance/intolerance or noncompli­
ance with antidepressant medications; (c) can comply with 
the overall treatment plan including behavioral restrictions 
(i.e., limiting driving) and providing informed consent. 
Continuation and maintenance ECT strategies are being 
used increasingly in the treatment of patients with major 
depression who are felt to have a high-risk for relapse (65). 
The guidelines for the use of C-ECT have been actively 
discussed but there are little prospective data on which to 
base recommendations on frequency of treatments and how 
long they should be continued or the nature of the potential 
cognitive side effects. A majority of the studies are case re-
ports and many predate antidepressant medication (66). 
More recent reports in patients with depression (66–74), 
mania (75,76), and schizophrenia (77) describe a marked 
decrease in the number of hospitalizations, hospital days, 
depressive symptoms, increased functional status, and stable 
cognitive functioning for the period of continuation ECT. 

Theoretically, there are several potential theories that 
may explain the efficacy of maintenance ECT over mainte­
nance medication. First, maintenance ECT may be effective 
because the ECT treatments are gradually tapered rather 
than abruptly discontinued. During this taper, most clinical 
protocols decrease the interval between the maintenance 
treatments if the patient shows signs of relapse. A tapering 
schedule over this period may be critical because most pa­
tients relapse within 3 months of stopping the treatments. 
In 1954, prior to the use of antidepressant medications as 
maintenance treatment, Bourne and Long (78) coined the 
term ‘‘convulsion dependence’’ to describe psychotic pa­
tients who relapsed unless they were tapered from their ECT 
treatments. 

The second potential therapeutic benefit may be the fact 
that ECT has a different mechanism of action than the 
antidepressant medications. Increasingly patients are pre­

senting for ECT after multiple failed medication trials and 
there may be little benefit from yet another trial of an SSRI. 
In fact the one medication regimen that has been shown 
to be effective in maintenance therapy is a combination of 
lithium and nortriptyline (discussed in the following). The 
benefit of this combination therapy may be owing to the 
fact that few patients had been given lithium augmentation 
prior to their acute course of ECT. 

Finally, maintenance ECT is similar to depot haloperidol 
in the treatment of schizophrenia and may provide prophy­
lactic benefit from improved compliance in patients who 
might otherwise not comply with their maintenance medi­
cation. Most studies of maintenance ECT only report pa­
tients who complied with the treatment regimen. The expe­
rience at the Emory University Outpatient ECT program 
is similar to the data reported by Clarke and colleagues (67). 
When patients do not complete the scheduled 6-month 
maintenance ECT program, we found that more than half 
of the patients relapsed. 

In 1991, Monroe (79) discussed the need for increased 
research into continuation and maintenance ECT. There is 
clear evidence that these treatments are being used increas­
ingly in clinical practice, yet there is a lack of guidelines to 
establish the optimal treatment frequency, the type of pa­
tient who would benefit from maintenance ECT versus 
medication, or an understanding of the potential long-term 
side effects. The NIMH is presently funding three studies 
that will add significantly to our understanding of mainte­
nance ECT. Two multicenter trials are examining the effi­
cacy of different maintenance strategies after an acute re­
sponse to ECT. Sackeim and colleagues are comparing 
maintenance placebo, nortriptyline versus nortriptyline and 
lithium after an acute response to ECT. Preliminary results 
from this line of investigation show that nortriptyline pro­
vides only marginally greater protection against relapse dur­
ing the post-ECT period than does placebo, with relapse 
rates of approximately 70% during the first year. The addi­
tion of lithium to nortriptyline resulted in a further signifi­
cant reduction in relapse to approximately 40% during that 
interval. Charles Kellner is the principal investigator on a 
trial comparing maintenance medication and maintenance 
ECT. The authors are currently examining the cost effec­
tiveness of maintenance medication compared to mainte­
nance ECT in elderly patients with recurrent major depres­
sion. These last two trials do not yet have preliminary data 
available, but together they will provide prospective data on 
the relative effectiveness and costs of different maintenance 
strategies used after an acute course of ECT. 

COGNITIVE PROBLEMS ASSOCIATED WITH 
ECT 

The one significant remaining ECT-related morbidity is the 
potential for cognitive side effects. Although there is little 



scientific literature supporting permanent brain damage 
after ECT (80–82), memory disturbances continue to be 
a serious side effect after an acute course of ECT. Clearly, 
there have been significant advances over the last 50 years. 
Delirium was a clinical goal in some early protocols (so 
called ‘‘regressive ECT’’) that equated the development of 
delirium with therapeutic response. This technique pro­
vided no advantage over more conservative forms of ECT 
and has been abandoned. Replacement of sine wave stimuli 
with machines that provide a brief pulse stimuli, and the 
elucidation of the appropriate stimulus parameters that in-
crease the efficacy of safer treatments (suprathreshold right 
unilateral versus threshold bilateral ECT) have both been 
important contributions to the decrease in the ECT associ­
ated memory loss over the past few decades. The potential 
development of ultrabrief pulse ECT and research into 
pharmacologic treatments such as physostigmine (83), nal­
oxone (84), and thyrotropin releasing hormone (TRH) (85) 
all hold promise for further decreasing ECT-associated 
memory loss. Double-blind placebo controlled trials using 
with intranasal vasopressin (86,87), ACTH (88,89), dexa­
methasone (90), and nimodipine (91) have not shown the 
active drug to be more effective than placebo. 

The frequency of ECT administration is yet another way 
of controlling ECT-related memory loss. Twice-weekly 
ECT is associated with an antidepressant response as good 
as thrice-weekly ECT, but with less adverse memory effects 
(and a slower rate of antidepressant response) (92,93). Re­
cently, the issue of optimal electrode placement has been 
reopened with isolated enthusiasm for bifrontal stimulating 
electrode placement or an asymmetric placement (a right 
fronto-temporal electrode referenced to a left frontal elec­
trode). Preliminary reports suggest that these novel electrode 
placements are associated with an antidepressant efficacy 
comparable to standard bilateral placement, with fewer cog­
nitive side effects, but there are insufficient data thus far to 
recommend them as a replacement for standard BL or RUL 
placements (94,95). 

NONCONVULSIVE STIMULI IN THE 
TREATMENT OF DEPRESSION 

Repetitive transcranial magnetic stimulation (rTMS) and 
vagal nerve stimulation (VNS) are two new treatments for 
depression that, unlike ECT, use subconvulsive stimuli to 
treat depressive symptoms. Compared to ECT, these treat­
ments have the potential for targeting specific brain regions 
and stimulating areas that are thought to be involved in 
depression while sparing areas such as the hippocampus and 
thus reducing potential cognitive side effects. 

rTMS was first used in 1985 as a noninvasive method 
of stimulating brain neurons (96). rTMS produces pulses 
of electromagnetic currents conducted by the brain that 
have different effects on neuronal firing, depending on the 
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frequency in which it is administered. In general, rTMS 
acts by inducing action potentials in neuronal elements, but 
at high frequency (�5 Hz) the net effect of a stimulus train 
is excitatory (97); similarities have been drawn between the 
effects of fast rTMS and long-term potentiation (LTP) pro­
duced by high frequency electrical stimulation (98). At low 
frequencies (1 Hz) the net effect of a stimulus train is usually 
inhibitory (99,100). In animal studies, rTMS has been dem­
onstrated to cause down-regulation of B-adrenoreceptors 
(101) and, as has been shown in ECS, rTMS up-regulates 
astroglial gene expression in the CNS (102). Preliminary 
data support rTMS in the treatment of a number of psychi­
atric disorders including depression, schizophrenia, obses­
sive-compulsive disorder, and posttraumatic stress disorder 
(103). 

This chapter focuses on the use of rTMS in depression 
and compares rTMS to ECT. From the outset it should 
be stressed that the efficacy of rTMS in the treatment of 
depression is modest and much of the research has been 
focused narrowly on a relatively restricted group of treat­
ment parameters. The majority of rTMS studies use set 
parameters: high frequency or fast stimulations (�10 Hz) 
over the left dorsolateral prefrontal cortex (DLPFC) at or 
around the motor threshold (e.g., 80% to 110% MT). 
These parameters are based on PET data (104) and ECT 
data (34) demonstrating hypofunctioning of the left pre-
frontal cortex in depression as well as two pivotal early stud­
ies demonstrating an antidepressant effect of fast left 
DLPFC rTMS (105,106). Although one recent parallel 
group sham controlled study found no treatment effect 
(107), most open (105,108,109) and double-blind studies 
(106,110,111) have confirmed a relatively modest antide­
pressant response for fast left DLPFC. When directly com­
pared to ECT, 4 weeks of rTMS appears to be as effective 
as ECT in nonpsychotic, but not psychotic, depression 
(112). In this study there may have been a bias for the ECT 
group because over half of the patients in the ECT group 
and none of the patients in the rTMS group remained on 
antipsychotics and/or antidepressants. Two weeks of either 
RUL ECT or one ECT treatment followed by four rTMs 
sessions were also shown to be equivalent in the treatment 
of 22 depressed outpatients (113). 

To date there have been no seizures reported using fast 
rTMS within the established safety guidelines (114) and no 
cognitive side effects in patient populations (109). The most 
common side effects are pain at the treatment site and head-
aches usually relieved by acetaminophen. 

Realizing the potential benefits of rTMS, however, is 
dependent on expanding the treatment parameters includ­
ing research on the variable effects of slow versus fast stimu­
lation. Although early studies using slow TMS demon­
strated poor outcomes (115–117), and are often cited as 
rationale for using fast rTMS, the stimulation site was the 
vertex in these three studies. More recent trials of slow rTMS 
over the right DLPFC have shown benefit. Klein and col-
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leagues (118) randomized 71 depressed patients to 2 weeks 
of slow, active or sham treatment over the right prefrontal 
cortex and 41% of active-treatment subjects had a 50% or 
greater drop in Hamilton depression scores compared to 
only 17% of sham-treatment subjects. Similarly, Tormos 
and associates (119) showed a significant antidepressant re­
sponse to fast left DLPFC stimulation and slow right DLPFC 
stimulation, but not fast right DLPFC stimulation or sham. 
Slow left stimulation was not administered. Trials of slow 
TMS over the left DLPFC have also shown promise. Padb­
erg and colleagues (120) randomized 18 nonpsychotic pa­
tients to treatment over the left DLPFC using fast, slow, 
or sham treatments. They showed a statistically significant 
(but clinically insignificant) response to fast and slow stimu­
lation compared to placebo. In two small studies, George 
and Nahas demonstrated that lower frequency stimulation 
(5 Hz) might be more effective at 20 Hz TMS. Patients 
who were administered 5 Hz rTMS over the left DLPFC 
had a higher response rate (50% decline in the HDRS) than 
those administered 5 Hz rTMS over the right DLPFC (6/ 
10 versus 3/10 responders, respectively) and placebo (0/10 
responders) (121,122). Slow TMS (�1 Hz) has never been 
associated with seizures or any other adverse consequences 
in neurologically normal individuals; therefore, it is poten­
tially safer than fast stimulations (114). 

There are two basic clinical problems associated with 
rTMS. First, although half the patients respond to the treat­
ments (defined as a 50% improvement in the HDRS), a 
much smaller percentage obtains remission (HDRS �10). 
Second, and perhaps of more concern, is the fact that a 
majority of patients (up to 100% in some studies) relapse in 
the month after treatment. Both the antidepressant response 
(M. Szuba, personal communication) and relapse rate (109) 
are improved by increasing the number of weeks of treat­
ments but, as with ECT, the most severely ill patients may 
respond partially and relapse quickly. Combination treat­
ment strategies (slow right and fast left) and maintenance 
rTMS strategies are being employed to improve response 
and keep patients in remission. 

Beyond simply stimulation of the right or left cortex, 
techniques are being developed to assist in focusing the mag­
netic impulse on specific cortical structures. The develop­
ment of new more focal coils and neuroimaging techniques 
to guide the placement of the rTMS stimulation (123) hold 
promise on targeting specific brain regions. 

Using these techniques, rTMS can help in elucidating 
the neuronal pathways involved in depression. Initial studies 
using functional neuroimaging and rTMS have shown that 
many of the effects of rTMS occur at brain regions distant 
from the site of stimulation including the caudate, orbito­
frontal cortex bilaterally, and cerebellum (124). These stud­
ies have also called into question the hypothesis that fast 
rTMS increases neuronal excitability (125,126) and slow 
rTMS inhibits neuronal firing (127,128). 

However, it may be possible to determine if rTMS is 

effective in given individuals by evaluating the functional 
neuroimaging before and after rTMS stimulation. Speer and 
associates have shown that patients with hypometabolism 
on baseline PET scans utilizing [18F]-Fluorodeoxyglucose 
in the left prefrontal cortex responded preferentially to 2 
weeks of fast rTMS (20 Hz) as compared with patients with 
hypermetabolism who responded at a higher rate to slow 
(1Hz) rTMS (129). Individual characteristics may be a key 
factor in determining treatment response. 

Vagal nerve stimulation (VNS) is another new and prom­
ising treatment for major depression. VNS has been success-
fully used to treat patients with intractable seizures since 
1994 and was noticed to have positive effects on mood 
that were not simply secondary to the decrease in seizure 
frequency (130). The VN has both parasympathetic efferent 
fibers to the heart and GI tract and sensory afferent fibers 
(approximately 20% and 80% of the fibers, respectively). 
The afferent fibers connect the nucleus tractus solitarius 
to the orbital and lateral frontal cortices, and parabrachial 
nucleus (PN) and locus ceruleus (LC). The fibers passing 
through the PN/LC (which are adjacent to one another) 
connect to the hypothalamus and thalamus and, central to 
the antidepressant properties of VNS, the bed nucleus of 
the stria terminalis and amygdala. George and associates 
(131) detail the rationale for the use of VNS in treatment-
resistant depression, including these VN afferent connec­
tions to the limbic system as well as PET data showing 
activation of limbic structures (132) and increases in CNS 
monoamines with VNS (133–135). 

The first open trial of VNS by Rush and colleagues in­
cluded 30 nonpsychotic patients with treatment-resistant 
unipolar or bipolar depression (136). As in the treatment 
of epilepsy, the stimulator was attached to the left vagal 
nerve, which can be accessed peripherally in a procedure 
similar to implanting a cardiac pacemaker, and compared 
to the right VN has fewer afferent fibers to the autonomic 
system controlling cardiac and gastric physiologic functions 
(137). Twelve of 30 patients (40%) met criteria for treat­
ment response (�50% decrease in HDRS) and 5 patients 
had a final HDRS �10. None of the patients discontinued 
treatment because of adverse events. The most common 
adverse events (which were similar to the AE’s in the epi­
lepsy trials) were hoarseness (60%) and throat pain (27%). 
Ten percent of the patients had abnormal wound healing. 

VNS may be an effective treatment in resistant depres­
sion. The two variables that predicted clinical response to 
VNS included previous response to ECT (only one of 19 
patients who had received ECT had a sustained response 
to VNS) and decreased stimulator output. Encouragingly, 
of the ten responders with available follow-up data over 4 
to 9 months, all have demonstrated continued response. 

VNS has been shown to be safe in the treatment of over 
6,000 patients with epilepsy and may also provide relief to 
the 10% to 20% of depressed patients who fail or have an 
inadequate response to available somatic treatments. The 



adverse side effect profile and costs could be dramatically 
reduced if a method of stimulating the VN could be 
achieved without surgery. The cost of the device and elec­
trodes is $9,200, and the additional cost of the surgical 
procedure raises the total costs to approximately $12,000 
to $25,000 (131). These costs are comparable to what might 
be expected for acute and 1-year maintenance treatment 
for ECT; however, insurance coverage may depend on the 
results of the pending placebo-controlled study and FDA 
approval for the treatment of depression. VNS is approved 
for the treatment of epilepsy. 

Some researchers have questioned the benefit of electrical 
stimulation, which does not produce a seizure (138), argu­
ing that subconvulsive seizures in ECT have not been shown 
to provide any clinical benefit (139). However, the anticon­
vulsant hypothesis assumes that the beneficial effects from 
ECT derive not from the convulsion, but the anticonvulsant 
effects of the seizure. VNS has documented anticonvulsant 
effects. Slow rTMS dampens neuronal excitability (100) and 
theoretically may be useful in treating epilepsy (140). There 
is also research underway at Columbia University using fast 
rTMS to precipitate a convulsion in animal models to deter-
mine the efficacy of TMS seizures in depression. Further 
investigations using animal models could potentially cause 
focal convulsions of specific brain regions (e.g., limbic struc­
tures) and spare brain sensitive structures that cause side 
effects but are not integral to the therapeutic effect (e.g., 
hippocampus). Together rTMS and VNS have the potential 
of providing valuable insight into the pathophysiology of 
depression and may potentially add to the treatment of resis­
tant depression. 
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