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Preface

Few treatments in psychiatry have experienced the longevity and unheralded
effectiveness of electroconvulsive therapy (ECT). ECT remains the definitive
treatment for a variety of mental disorders for a good reason: it is often effective
when other treatments fail. At times, the effects of ECT can be lifesaving in
their magnitude and rapid onset of action. However, in spite of the proven
efficacy and safety of this standard treatment in psychiatry, its availability in
individual communities is variable. Part of this disparity in access is related to
misunderstanding by laypersons regarding the treatment and its potential ad-
verse effects. Another limitation to access involves the inadequate number of
psychiatrists who participate in ECT treatment programs. Adequate education
and training of psychiatrists and their support staff are essential to ensure access
to this vital treatment tool. In this capacity, we hope that the Clinical Manual
of Electroconvulsive Therapy will help psychiatrists incorporate ECT into their
clinical practice.

In 1985, Electroconvulsive Therapy: A Programmed Text, by Mark D.
Glenn and Richard D. Weiner, was published. A second edition, by John L.
Beyer, Richard D. Weiner, and Mark D. Glenn, followed in 1998. The intent
of these texts was to provide the reader with a scheduled approach to under-
standing fundamental concepts underpinning ECT while providing practi-
cal, reproducible information to establish and maintain an ECT program.
Since the publication of that second edition, another decade of ECT research
and practice has passed. Ultra-brief pulse ECT, alternatives to established an-
esthesia regimens, and new ECT devices are some of the changes that have
emerged. We are excited to incorporate the essence of the previous books into
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the Clinical Manual of Electroconvulsive Therapy while including discussion of
important changes in the field.

In this text, we discuss several ECT devices and prescription medications.
We are not recommending a specific device over another but firmly believe
that the information provided helps potential ECT clinicians make informed
choices regarding management of their ECT program resources. Also, no
textbook can replace the careful, nuanced experience of learning a medical
procedure under the supervision of a seasoned colleague. This volume is not
meant to replace that indispensable aspect of medical education.
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History of
Electroconvulsive Therapy

John L. Beyer, M.D.

Older Somatic Therapies

Until the 1930s, options for treatment of psychiatric patients were limited.
Psychotherapy (primarily psychoanalysis) was the principal treatment for out-
patients, but little more than custodial care or prevention of harm could be
done for the more severe cases, which required inpatient management. Efforts
to find useful somatic therapies ranged widely, but most of these therapies were
ineffective. Hydrotherapy with cold packs, water therapy (continuous tub baths),
prolonged sleep therapy, insulin coma, and Scotch douches were all attempts
to use available means to treat patients (Endler and Persad 1988; Lebensohn
1999; Shorter and Healy 2007). Sedatives—primarily barbiturates, bromides,
paraldehyde, and chloral hydrate—were the only medications available until
the advent of antipsychotics and antidepressants in the 1950s. Overall, there
was an attitude of general distrust from the public at large toward somatic
therapies.
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Chemical Convulsive Therapy

In 1934, Ladislas Joseph von Meduna, a Hungarian neuropsychiatrist, conducted
the first experiments in treating patients with schizophrenia by inducing repeated
seizures. Observational reports had circulated noting that symptoms of dementia
praecox (schizophrenia) were diminished when patients developed epilepsy (e.g.,
after head traumas or neurological illnesses) and that patients with epilepsy had a
low incidence of psychosis. Further, Meduna’s own neuropathology studies found
that the glial cell concentrations in the brains of patients with epilepsy were much
higher than normal, whereas glial cell concentrations in the brains of patients with
schizophrenia were much lower. Meduna hypothesized, therefore, that seizures
may be “protective” against psychosis and that inducing convulsions in patients
with schizophrenia could reduce their symptoms (Fink 2004). The idea that the
induction of one illness could treat another was based on the accepted theory of
biological antagonism (Fink 2001). A common example of successful biological
antagonism treatment was the practice of inducing malarial fevers as a cure for pa-
tients with neurosyphilis. This procedure, introduced in 1917 by Professor Julius
Wagner-Juaregg of Vienna, marked a major advance in medicine and was recog-
nized as such when he was awarded the Nobel Prize for Medicine in 1928.
Interestingly, the observational reports of decreased psychosis in patients with
epilepsy were incorrect. Research has shown that individuals with epilepsy are
more likely than those without to have psychosis. Meduna apparently was aware
of this, emphasizing not the chronic medical conditions (epilepsy and schizophre-
nia) as being antagonistic but rather the specific events of seizure-antagonizing
psychotic symptoms (Fink 2004). Despite the questionable data and method-
ological theory, Medunas early clinical trials were successful. They demonstrated
a significant decrease in psychotic symptoms in patients treated with a series of in-
duced seizures (with dramatic improvement especially noted in patients who ap-
peared to have catatonia) (Fink 1984). The practice of convulsive therapy quickly
spread throughout Europe and the United States (Shorter and Healy 2007).

Origins of Electroconvulsive Therapy

Initially, Meduna used pharmacological methods to induce seizure activity. He
began with intramuscular injections of camphor, which was known to be a stim-
ulant at lower doses. However, since camphor was painful and variable in its ef-
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fect, he switched agents to pentylenetetrazol (Metrazol), a more refined synthetic
substance. Although this method was effective in promoting seizures, it was still
variable in its effects and had numerous side effects (especially a sense of panic).
In 1937, the Italian neuropsychiatrists Ugo Cerletti and Lucio Bini began to in-
duce seizures experimentally with electricity (Accornero 1988; Bini 1995; Shorter
and Healy 2007). They found that seizures could be more easily induced and reg-
ulated with electricity than with pharmacological agents, thereby decreasing the
number of missed or recurrent seizures. Electroconvulsive therapy (ECT) quickly
replaced pentylenetetrazol as the method of inducing convulsions, and within a
few years, ECT became the dominant somatic treatment not only for schizophre-
nia but also for major mood disorders (see Chapter 2, “Indications for Use”).

Initially, the concept that grand mal seizures could be beneficial was consid-
ered dubious. Explanations for the effectiveness of ECT included the possibility
that any benefit from the procedure was due to the “psychological” effect brought
on by the dramatic and impressive efforts used to help the individual. This theory
was tested in trials using sham ECT, in which the patients went through the full
procedure for ECT but did not receive the stimulation or received only a subcon-
vulsive dose. The U.K. Medical Research Council (Palmer 1981), the UK. ECT
Review Group (2003), and authors of a more recent Cochrane review (Tharyan
and Adams 2005) reported that in randomized controlled trials of sham ECT
compared with actual ECT, sham ECT was ineffective.

The focus again returned to the role of seizures for therapeutic efficacy.
Meduna concluded that the manner in which a seizure was induced—via
medication or electrical stimulation—did not matter as long as a full seizure
was induced (Fink 2004). Ottosson (1960) found that when the intensity or
duration of the seizures was varied, the seizures that were poorly organized or
incomplete were less effective. Such studies supported the conclusion that
anything that interfered with the grand mal seizure also interfered with the
efficacy of the treatment. However, the mechanism of action behind this ef-
fect has still not been fully determined.

Patterns of Use

In the mid-1950s, the use of ECT began to decline and continued to do so
for many years (Babigian and Guttmacher 1984; Shorter and Healy 2007). Two
trends appear to have influenced this change. First, pharmacological antipsy-
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chotic, antidepressant, and (later) antimanic agents for the treatment of mental
disorders were discovered and heralded as less intrusive alternatives to ECT.
Second, ECT became the subject of a number of highly negative portrayals in
the media (Jenkusky 1992). A negative image of ECT was sensationalized in
the movie One Flew Over the Cuckoo’s Nest, which demonstrated the use of un-
modified ECT as a method of behavior control. Many other media presenta-
tions also represented ECT as a cruel and inhumane treatment in which
attendants held an unwilling patient down while electricity was applied to the
head, causing a dramatic and terrifying grand mal convulsion (see McDonald
and Walter 2001 for a more in-depth discussion of ECT in American movies
from 1948 to 1998). These images invoked fears of authoritarianism and so-
cial control during a time of social change in the United States that emphasized
autonomy and distrust of the establishment. Such presentations also invoked
fears of indiscriminate punishment by the inherent association with the elec-
tric chair. Unfortunately, many Americans still have this stigmatized view of
ECT and its technique of administration, although recent media depictions
have tended to be more realistic, positive, and supportive.

Increasingly, ECT is being recognized as a proven, effective, and even life-
saving intervention for patients with certain mental disorders when other
treatments have had little or no effect. Furthermore, the technique of admin-
istering ECT now bears little resemblance to that used in the early days of
treatment. Major innovations include the use of anesthesia, oxygenation,
muscle relaxation, seizure monitoring, and other modifications discussed
throughout this book. These innovations, based on extensive research over
the past 70 years, have also served to make this very effective treatment much
safer and more acceptable to patients who receive it (Lisanby 2007). These
changes also have paved the way for the development of newer, nonpharma-
cological somatic therapies, such as vagal nerve stimulation and transcranial
magnetic stimulation.

Evidence indicates that the decline in use of ECT has leveled off since the
mid-1980s and that ECT use may be experiencing a modest resurgence (Munk-
Olsen et al. 2006; Thompson et al. 1994). This phenomenon appears to be
due to several factors. First, the innovations in ECT technique mentioned
earlier have contributed to a growing acceptance of this modality by practi-
tioners and patients alike (Dukakis and Tye 2006). Second, practitioners are
increasingly realizing that despite the great promise of psychotropic medica-
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tions, some patients with mental illnesses are intolerant to available drugs or
have symptoms that are drug refractory. Finally, the speed of action of ECT
compared with alternative treatments has become of increasing interest in the
present era of managed care and ever-decreasing lengths of stay, at least for
those patients whose illness is severe enough to require hospitalization. Abrams
(2002) estimated that over 100,000 people receive ECT treatments in the
United States each year.
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Indications for Use

John L. Beyer, M.D.

ECT was initially developed for the treatment of patients with schizophrenia,

but its success encouraged trials in patients with other psychiatric diseases.
Notall trials were successful. In fact, the application of ECT in patients seeking
treatment for homosexuality, drug addiction, alcoholism, phobias, and con-
version reactions led to complaints that ECT practitioners were abusing pa-
tents, thus contributing to the stigma of ECT. However, as a result of the
trial-and-error process, as well as subsequent scientific clinical studies, the use
of ECT is now more systematized. Two major factors are now recognized in
the decision to use ECT: 1) the diagnostic indications for which ECT is ef-
fective and 2) the timing of ECT use in the course of these disorders.

Diagnostic Indications

Mood Disorders

Major Depressive Disorder

Major depressive episodes are a severe epidemiological problem. Approximately
10%-15% of the U.S. population may suffer from this condition at some

9
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time during their lives. Patients with major depressive episodes experience
profound alterations in sleep pattern, appetite, libido, body weight, and ac-
tivity level, as well as mood (American Psychiatric Association 2000a). This
diagnosis does not necessarily imply the absence of an initial precipitant to the
present episode or an absence of concurrent mental disorders. However, the
diagnosis of major depressive episodes does indicate that the depressive symp-
toms are severe, pervasive, and inappropriately prolonged (see Table 2-1).

By the 1940s, ECT had been found to be an extremely effective treatment
for depression. When the first antidepressant medications were introduced in
the 1950s, comparison studies suggested that ECT and antidepressants were
comparable in efficacy. The ease of use of the medications (especially the newer
antidepressant agents) led to the decline of ECT, or at least its lower hierar-
chical place in treatment algorithms.

Reexamination of the evidence has suggested that ECT may actually dem-
onstrate a much more powerful antidepressant response than medications.
Fink (2001) retrospectively reviewed the comparison studies and noted that
significant type II statistical errors occurred because of the small sample sizes.
He also argued that the possible increased efficacy of ECT may have face va-
lidity because of the fact that ECT is frequently efficacious when medications
have failed, it is often used for the more severe forms of depression, and it has
a much quicker speed of response.

Despite the proliferation of pharmacotherapy, successful treatment of
major depressive episodes has been estimated at only 60%-70% (American
Psychiatric Association 2000b). Clinical trials and comparative studies have
shown ECT to be effective in all types of major depressive episodes. For pri-
mary major depressive episodes, the remission rate has been estimated at
80%-90% (American Psychiatric Association 2000b). Because of the strong
antidepressant response observed in very ill patients, ECT was initially be-
lieved to be most effective in melancholic depression, a subtype of major
depressive episodes that is associated with prominent vegetative symptoms
(e.g., anhedonia, anorexia, psychomotor retardation, and worsened symp-
toms in the mornings). Some researchers have suggested that the degree of
improvement with ECT is directly correlated with the severity of the depres-
sive illness. Unfortunately, attempts to predict clinical response based on clin-
ical symptoms, patient history, demographics, or other factors have been
largely unsuccessful (Weiner and Coffey 1988). Evidence has suggested, how-
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Table 2-1. DSM-IV-TR criteria for major depressive episode

A.  Five (or more) of the following symptoms have been present during the same
2-week period and represent a change from previous functioning; at least one
of the symptoms is either (1) depressed mood or (2) loss of interest or pleasure.

Note: Do not include symptoms that are clearly due to a general medical
condition, or mood-incongruent delusions or hallucinations.

(1) depressed mood most of the day, nearly every day, as indicated by either
subjective report (e.g., feels sad or empty) or observation made by others (e.g.,
appears tearful).  Note: In children and adolescents, can be irritable mood.

(2) markedly diminished interest or pleasure in all, or almost all, activities
most of the day, nearly every day (as indicated by either subjective account
or observation made by others)

(3) significant weight loss when not dieting or weight gain (e.g., a change of
more than 5% of body weight in a month), or decrease or increase in
appetite nearly every day. Note: In children, consider failure to make
expected weight gains.

(4) insomnia or hypersomnia nearly every day

(5) psychomotor agitation or retardation nearly every day (observable by
others, not merely subjective feelings of restlessness or being slowed down)

(6) fatigue or loss of energy nearly every day

(7) feelings of worthlessness or excessive or inappropriate guilt (which may be
delusional) nearly every day (not merely self-reproach or guilt about being sick)

(8) diminished ability to think or concentrate, or indecisiveness, nearly every
day (either by subjective account or as observed by others)

(9) recurrent thoughts of death (not just fear of dying), recurrent suicidal
ideation without a specific plan, or a suicide attempt or a specific plan for
committing suicide

B. The symptoms do not meet criteria for a mixed episode.

C. The symptoms cause clinically significant distress or impairment in social,
occupational, or other important areas of functioning.

D. The symptoms are not due to the direct physiological effects of a substance
(e.g., a drug of abuse, a medication) or a general medical condition (e.g.,
hypothyroidism).

E. The symptoms are not better accounted for by bereavement, i.c., after the loss
ofaloved one, the symptoms persist forlonger than 2 months orare characterized
by marked functional impairment, morbid preoccupation with worthlessness,
suicidal ideation, psychotic symptoms, or psychomotor retardation.

Source.  Reprinted from American Psychiatric Association: Diagnostic and Statistical Manual of
Mental Disorders, 4th Edition, Text Revision. Washington, DC, American Psychiatric Associa-
tion, 2000. Copyright 2000, American Psychiatric Association. Used with permission.
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ever, that the likelihood of response to ECT is diminished for patients whose
depressive episodes occur in the context of a concurrent mental or medical
disease (e.g., those with secondary depression) or who have been refractory to
previous medication trials during the present episode of illness (Sackeim et al.
1990). Dombrovski et al. (2005) evaluated predictors of remission in depressed
patients presenting for ECT treatment from 1993 to 1999. They found (un-
surprisingly) that chronic depression/dysthymia and medication resistance
were predictors for nonremission. Two indications that may predict a more
powerful response are presence of acute catatonic features (see the section
“Schizophrenia” later in this chapter) or delusions (Parker et al. 1992).

In 1975, Glassman et al. reported on the differential responses to imipra-
mine of depressed patients with or without delusions. With imipramine treat-
ment, only 3 of 13 patients with delusional depression responded, whereas
14 of 21 patients with nondelusional depression responded. Interestingly,
9 of the 10 unimproved patients with delusional depression recovered with sub-
sequent ECT. Similar findings were reported by Avery and Lubrano (1979),
who reevaluated the treatment responses of 437 patients with depression. Ini-
tially, all patients were given therapeutic doses of imipramine, and 247 (57%)
recovered. The 190 patients who did not recover were then treated with bilat-
eral ECT. Of these, 156 (72%) recovered. Subsequent evaluation found that
among the patients with delusional depression, 83% improved with ECT com-
pared with 40% with imipramine. When response was evaluated by depression
severity, ECT response rate was 83% compared with 35% for the imipramine
group among those patients with severe depression. Kroessler et al. (1985) eval-
uated the treatment responses of 597 patients with delusional depression from
17 studies. They found that the patients’ response rate to tricyclic antidepres-
sants alone was 34%, to antipsychotics alone was 51%, to combination tricyclic
antidepressants-antipsychotics was 77%, and to ECT was 82%. It should also
be noted that the efficacy of ECT in patients with highly treatment-resistant
conditions, particularly those with comorbid mental illness, appears to be sig-
nificantly less than reported in the context of research studies with rigorous en-
try criteria (Prudic et al. 2004). This phenomenon is important in terms of
consent for ECT, given that many patients clinically referred for ECT may fall
into such a category.

In the United States, 80%—90% of all ECT treatments are performed for
the treatment of major depressive episodes. In a study reviewing use of ECT
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in Denmark from 1976 to 2000, the primary diagnosis for patients treated
with ECT was also unipolar depression. However, patients with unipolar de-
pression were only 65% of the total sample (Munk-Olsen et al. 2006). The au-
thors noted that the trend in ECT use in Denmark over the past 25 years has
been for an overall increased percentage of patients with unipolar depression
relative to other diagnostic indications.

Table 2-2. DSM-IV-TR criteria for manic episode

A.  Adistinct period of abnormally and persistently elevated, expansive, or irritable
mood, lasting at least 1 week (or any duration if hospitalization is necessary).

B.  During the period of mood disturbance, three (or more) of the following
symptoms have persisted (four if the mood is only irritable) and have been
present to a significant degree:

(1) inflated self-esteem or grandiosity

(2) decreased need for sleep (e.g., feels rested after only 3 hours of sleep)

(3) more talkative than usual or pressure to keep talking

(4) flight of ideas or subjective experience that thoughts are racing

(5) distractibility (i.e., attention too easily drawn to unimportant or irrelevant
external stimuli)

(6) increase in goal-directed activity (either socially, at work or school, or
sexually) or psychomotor agitation

(7) excessive involvement in pleasurable activities that have a high potential
for painful consequences (e.g., engaging in unrestrained buying sprees,
sexual indiscretions, or foolish business investments)

C. The symptoms do not meet criteria for a mixed episode.

D. The mood disturbance is sufficiently severe to cause marked impairment in
occupational functioning or in usual social activities or relationships with others,
or to necessitate hospitalization to prevent harm to self or others, or there are
psychotic features.

E. Thesymptomsare not due to the direct physiological effects of a substance (e.g.,
adrugofabuse, a medication, or other treatment) or a general medical condition

(e.g., hyperthyroidism).

Note. Manic-like episodes that are clearly caused by somatic antidepressant treatment (e.g.,
medication, electroconvulsive therapy, light therapy) should not count toward a diagnosis of

bipolar I disorder.

Source.  Reprinted from American Psychiatric Association: Diagnostic and Statistical Manual of
Mental Disorders, 4th Edition, Text Revision. Washington, DC, American Psychiatric Associa-
tion, 2000. Copyright 2000, American Psychiatric Association. Used with permission.
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Mania

In bipolar disorder, the “pole” opposite depression is mania. During a manic
episode, a person’s mood and energy are generally elevated such that his or her
functioning and organization are impaired (American Psychiatric Association
2000a) (see Table 2—2). ECT is an effective treatment for acute mania. Re-
views have reported improvement in approximately 80% of manic patients
treated with ECT (Mukherjee et al. 1994). This finding is even more impres-
sive considering that many of these patients were pharmacologically unre-
sponsive.

When ECT was first introduced for the treatment of mania, the high mor-
tality rates from exhaustion and from suicide were abruptly reduced, making
ECT the primary treatment of the illness (Fink 2006; Ziskind et al. 1945).
However, the widespread and successful use of lithium and other antimanic
agents, often in combination with antipsychotic medications, has generally
relegated ECT to use only in patients who are intolerant of or refractory to
medications. This situation may represent an underutilization of ECT for pa-
tients with mania. Although early anecdotal evidence suggested that mania
was more resistant to ECT or required more frequent treatments than de-
pression, recent research suggests that this is untrue. Less research support is
available for use of ECT in patients with mania than in those with depression
or schizophrenia, but recent reports suggest that ECT should be considered
in mania cases that are acutely treatment refractory (Sienaert and Peuskens
20006) or require aggressive therapy for maintenance stabilization (Nasci-
mento et al. 2006). Furthermore, ECT may play a more significant role in the

treatment of patients with delirious mania or in rapid-cycling manic states

(Fink 2000).

Thought Disorders

Schizophrenia

Approximately 1% of the U.S. population has schizophrenia. This condition
causes a progressive deterioration of the patient’s ability to organize thoughts
and to discriminate between reality and false perceptions (American Psychi-
atric Association 2000a) (see Table 2-3).

Although ECT was originally developed for the treatment of psychoses,
physicians quickly realized that it was much more effective in treating mood dis-
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Table 2-3. DSM-IV-TR diagnostic criteria for schizophrenia

A.  Characteristic symptoms: Two (or more) of the following, each present for a
significant portion of time during a 1-month period (or less if successfully
treated):

(1) delusions

(2) hallucinations

(3) disorganized speech (e.g., frequent derailment or incoherence)

(4) grossly disorganized or catatonic behavior

(5) negative symptoms, i.e., affective flattening, alogia, or avolition
Note: Only one criterion A symptom is required if delusions are bizarre or
hallucinations consist of a voice keeping up a running commentary on the person's
behavior or thoughts, or two or more voices conversing with each other.

B.  Socialloccupational dysfunction:  For a significant portion of the time since the
onset of the disturbance, one or more major areas of functioning such as work,
interpersonal relations, or self-care are markedly below the level achieved prior
to the onset (or when the onset is in childhood or adolescence, failure to achieve
expected level of interpersonal, academic, or occupational achievement).

C. Duration: Continuous signs of the disturbance persist for at least 6 months.
This 6-month period must include at least 1 month of symptoms (or less if
successfully treated) that meet criterion A (i.e., active-phase symptoms) and may
include periods of prodromal or residual symptoms. During these prodromal
or residual periods, the signs of the disturbance may be manifested by only
negative symptoms or two or more symptoms listed in criterion A present in an
attenuated form (e.g., odd beliefs, unusual perceptual experiences).

D. Schizoaffective and mood disorder exclusion:  Schizoaffective disorder and mood
disorder with psychotic features have been ruled out because either (1) no major
depressive, manic, or mixed episodes have occurred concurrently with the active-
phase symptoms; or (2) if mood episodes have occurred during active-phase
symptoms, their total duration has been brief relative to the duration of the
active and residual periods.

E.  Substancelgeneral medical condition exclusion: ~The disturbance is not due to
the direct physiological effects of a substance (e.g., a drug of abuse, a medication)
or a general medical condition.

E  Relationship to a pervasive developmental disorder: ~ 1f there is a history of autistic
disorder or another pervasive developmental disorder, the additional diagnosis
of schizophrenia is made only if prominent delusions or hallucinations are also
present for at least a month (or less if successfully treated).
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Table 2-3. DSM-IV-TR diagnostic criteria for schizophrenia

Classification of longitudinal course (can be applied only after at least 1 year has elapsed
since the initial onset of active-phase symptoms):

Episodic with interepisode residual symptoms (episodes are defined by the
reemergence of prominent psychotic symptoms); also specify if* with prominent
negative symptoms

Episodic with no interepisode residual symptoms

Continuous (prominent psychotic symptoms are present throughout the period of
observation); also specify if: with prominent negative symptoms

Single episode in partial remission; also specify if: with prominent negative
symptoms

Single episode in full remission

Other or unspecified pattern

Source.  Reprinted from American Psychiatric Association: Diagnostic and Statistical Manual of
Mental Disorders, 4th Edition, Text Revision. Washington, DC, American Psychiatric Associa-
tion, 2000. Copyright 2000, American Psychiatric Association. Used with permission.

orders than schizophrenia. In fact, a review of early cases suggests that the re-
markable treatment response seen may have been in patients with catatonia (a
subtype of schizophrenia in which the person becomes mute and stuporous, of-
ten adopting bizarre postures, or demonstrates excessive activity). This condition
is now frequently associated with mood disorders (Abrams and Taylor 1976).

With the development of effective antipsychotic agents in the 1950s, re-
sulting clinical trials found that ECT alone is significantly less effective than
antipsychotic medication for patients with schizophrenia, at least as a first-line
treatment (Krueger and Sackeim 1995; Small 1985; Tharyan and Adams 2005).
In acutely ill patients with nonchronic schizophrenia, the estimated rate of re-
mission for those treated with ECT ranges between 40% and 80% (Small
1985; Weiner and Coffey 1988), with a more likely response in patients who
exhibit catatonia or prominent affective symptoms (Kénig and Glatter-Gotz
1990). In a study of first-episode schizophrenia comparing ECT and antipsy-
chotic treatment groups, catatonic patients who were not medication respon-
sive and violent patients were treated with ECT (Ugok and Cakr 2006).
Although patients in the ECT group had a higher Brief Psychiatric Rating Scale
score at admission, they ended up having a lower score at discharge. Unfortu-
nately, the 1-year follow-up found that relapses were frequent.

Patients with chronic schizophrenia have a much lower rate of remission
or significant improvement (only 5%-10%), and in the United States only
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5%-10% of all ECT courses are now administered to patients with this dis-
order. However, in many parts of the developing world where ECT is avail-
able and inexpensive, schizophrenia continues to be a more frequent clinical
indication for the use of ECT than in the United States (Agarwal et al. 1992).

A lack of consensus currently exists on when to use ECT in the treatment
of individuals with schizophrenia. The American Psychiatric Association’s
Committee on Electroconvulsive Therapy recommended the use of ECT in
patients who have a history of a favorable response to ECT or who have
abrupt psychotic exacerbations, catatonic schizophrenia, or schizoaffective
disorder (where there is a mixture of schizophrenia and mood disorder symp-
toms); however, the committee recommends against ECT if “negative” symp-
toms of schizophrenia (e.g., withdrawal, mutism, poor self-care, flat affect)
predominate (American Psychiatric Association 2001). In its second report,
the Royal College of Psychiatrists’ Special Committee on ECT also recom-
mended ECT for patients with schizophrenia who have positive, affective, or
catatonic symptoms (Royal College of Psychiatrists 1995). In contrast, the
National Institute for Clinical Excellence (2003) in the United Kingdom does
not recommend the general use of ECT for people with schizophrenia, although
catatonia is considered an indication.

Recently, interest has been growing in the use of ECT as part of a combi-
nation treatment. Convincing evidence indicates that concurrent antipsychotic
medication and ECT may be more effective than either treatment alone
(Klapheke 1993; Krueger and Sackeim 1995; Sajatovic and Melezer 1993; Weiner
and Coffey 1988). In a meta-analysis of studies evaluating the efficacy of com-
bined ECT and antipsychotic therapy in schizophrenia, Painuly and Chakra-
barti (2006) found that the combination might be better than antipsychotic
drugs used alone in the first few weeks of treatment for schizophrenia; the main
benefit of adding ECT appeared to be an acceleration of treatment response.
Braga and Petrides (2005) reviewed the literature and concluded that the com-
bination is a safe and efficacious treatment strategy for patients with schizophre-
nia, especially those refractory to conventional treatments.

Chanpattana and Andrade (2006) have advocated the use of continuation
ECT combined with maintenance antipsychotic medication as providing better
treatment outcomes than either treatment alone (including improving the
patient’s quality of life and functioning in the long term). In one well-conducted
study, Chanpattana et al. (1999) found that combination therapy using ECT



18 Clinical Manual of Electroconvulsive Therapy

and antipsychotics was extremely effective in preventing relapse (number needed
to treat=2; 95% confidence interval=1.5-2.5). This finding is remarkable
considering that 1) the comparison was not with placebo, but rather against
active treatments, and 2) the subjects were treatment resistant to antipsychot-
ics. The potency of this combination therapy has caused some (e.g., Hertz-
man 1992) to call for a reconsideration of ECT on even a primary basis in
patients with schizophrenia. Some particularly impressive results have been
obtained with clozapine nonresponders who then received the combination
of ECT and clozapine (Kho et al. 2004).

Schizoaffective Disorder

Given the mood component inherent in schizoaffective disorder, the role for
ECT in the treatment of this complex condition is clear. In those patients
who do not respond adequately to psychopharmacology, ECT may serve an
adjunctive role in the treatment of acute symptoms. The use of ECT in pa-
tients with schizoaffective disorder is particularly relevant in the context of
acute mood symptoms (i.e., depressive or manic symptoms co-occurring with
psychosis or in the absence of psychosis). Given the frequent use of mood
stabilizer medications from the anticonvulsant class in patients with schizo-
affective disorder, attention must be paid to the potentially higher seizure
threshold that may be present. The risks and benefits of suspending mood sta-
bilizers with anticonvulsant properties during an index course of ECT in pa-
tients with schizoaffective disorder is a clinical decision that varies across
individual cases.

Other Psychiatric Disorders

Because of its success in treating the major mood disorders and acute schizo-
phrenia, ECT has been tried in patients with a variety of other mental dis-
orders. No compelling evidence supports the effectiveness of ECT in the
treatment of dysthymia, anxiety disorders, substance abuse disorders, eating
disorders, or personality disorders (Weiner and Coffey 1988); however, the
practitioner should always bear in mind that a diagnostic indication for ECT
may coexist with these and other psychiatric conditions. Interestingly, in me-
dia portrayals of ECT, the most common reason for ECT administration is
to “treat” antisocial behavior, a diagnosis for which ECT has long been known
as ineffective. McDonald and Walter (2001) found that major depression, the
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most frequently prescribed indication for ECT, was the diagnostic criterion
in only 3 of 20 movies that dealt with ECT.

General Medical Disorders

ECT has selective neurobiological effects that may help in the treatment of cer-
tain medical conditions, although a referral should be considered only for indi-
viduals who have been refractory to or intolerant of other therapies. Neuroleptic
malignant syndrome (Bhanushali and Tuite 2004; Ghaziuddin et al. 2002;
Ozer et al. 2005; Trollor and Sachdev 1999), refractory Parkinson’s disease
(Fregni et al. 2005; Ozer et al. 2005), some forms of intractable epilepsy (Lisanby
et al. 2001), and certain endocrinopathies (hypopituitarism) (Pitts and Patter-
son 1979) have been documented to be responsive to ECT when other thera-
pies have failed (Weiner and Coffey 1993). Parkinson’s disease appears to respond
especially well, particularly when the “on-off” syndrome is present (Faber and
Trimble 1991). Unfortunately, relief from those symptoms may last only a few
weeks to months, although a more prolonged effect may occur with the use of
maintenance ECT (see Chapter 13, “Maintenance ECT”).

Timing of ECT Use
Primary Versus Secondary Use of ECT

In general, ECT can be considered either a primary or a secondary treatment
(American Psychiatric Association 2001). Primary use of ECT is usually con-
sidered in four types of situations: 1) when an urgent need (either psychiatri-
cally or medically) for a rapid response exists, 2) when ECT poses less risk
than other treatment alternatives, 3) when the patient has a history of better
response to ECT than to other treatments, or 4) when the patient has a strong
preference for its use. The majority of patients referred for ECT do not meet
these criteria. ECT is conducted as a secondary treatment when 1) the patient
has had a poor response or intolerance to alternative treatments or 2) the pa-
tient’s clinical condition has deteriorated to the point that an urgent need for
rapid response is present.

In recent years, efforts have been made to identify good clinical practice
by creating treatment algorithms based on evidence-based medicine and ex-
pert opinion. ECT has been included in a number of the published algo-
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rithms for mood disorders (Beale and Kellner 2000), but it is recommended
at different stages of treatment. Also, different algorithms may advise the use
of ECT based on severity of illness, previous medication trials, identified symp-

toms of the mood disorder, or clinical experience.

ECT in Children and Adolescents

Because the use of ECT is rare in children and uncommon in adolescents, infor-
mation on efficacy and adverse effects is extremely limited. However, available
data suggest that diagnostic indications for the use of ECT in children and ado-
lescents are the same as those for adults (Bertagnoli and Borchardt 1990). The
limited use of ECT for treatment of mental disorders in children and adolescents
is primarily due to four factors: 1) a general reluctance to use what are perceived
to be drastic measures with children, 2) child psychiatrists’ lack of experience
with ECT, 3) a concern that inducing seizures may be “more toxic” in children
(although data supporting this concern are not compelling), and 4) the existence
of statutory regulations in some states that prevent or restrict the use of ECT in
minors of certain ages. Because of these factors, most practitioners are reluctant
to refer minors for ECT, particularly in the case of prepubertal children.
Because of the relative lack of data regarding the use of ECT in youth, the
American Psychiatric Association (2001) recommends that prior to using
ECT in an adolescent younger than age 18 years, a physician should seek a sec-
ond opinion from a psychiatrist who is experienced in treating minors. Two
such consultations are recommended for children younger than age 12 years.
Guidelines for use of ECT in adolescents have been developed by the Ameri-
can Academy of Child and Adolescent Psychiatry (Ghaziuddin et al. 2004).

ECT in the Elderly

Since the early 1990s, the percentage of patients receiving ECT who are eld-
erly appears to be increasing (Glen and Scott 1999; Thompson et al. 1994).
This phenomenon is due in part to the overall increase in the number of older
individuals in the general population, the severity of impairment that is as-
sociated with many mental disorders in elderly patients, and changing atti-
tudes toward ECT (Consensus Development Conference 1993).

Some reports suggest that ECT is particularly effective in treating late-life
depression (Flint and Rifat 1998). In a Cochrane review on the use of ECT
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in elderly patients with depression, Stek et al. (2003) reported that the ran-
domized evidence on the efficacy and safety of ECT in this population is
sparse. One trial concluded that actual ECT was superior to simulated ECT,
but the study had several methodological problems and requires replication
(O’Leary et al. 1994). In a review of the larger research literature (including
nonrandomized studies), van der Wurff et al. (2003) found that the data more
strongly supported the efficacy of ECT in depressed elderly patients than in
younger patients. Unfortunately, the efficacy and safety of ECT in subpopu-
lations of depressed elderly patients (subjects with comorbid dementia, Par-
kinson’s disease, cerebrovascular disease) are not well known.

The use of ECT in eldetly patients is generally safe, but it does present
some challenges (Greenberg and Fink 1992; van der Wurff et al. 2003). The
literature includes many reports of serious complications that may be related
to ECT. These complications may be due to the fact that older patients have
more medical illnesses, which may increase the risks of ECT. Patients with
preexisting cerebral disease may have a greater likelihood of ECT-related cog-
nitive losses. Medications used at the time of ECT treatment may require ad-
justment in accordance with alterations in the patient’s pharmacokinetics. In
addition, the seizure threshold is usually higher for elderly patients, often re-
quiring a higher electrical stimulus intensity to produce an adequate seizure.

Remission Versus Cure

When reviewing indications for ECT, the clinician needs to understand that
a course of ECT induces a remission of an episode of illness. It does not cure
mental illness any more than antidepressant medications cure depression or
antipsychotic agents cure psychosis. The risk of recurrence remains high;
therefore, the practitioner must also address issues of post-ECT continuation
treatment (see Chapter 13, “Maintenance ECT”).
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Patient Referral and Evaluation

John L. Beyer, M.D.
Mehul V. Mankad, M.D.

As discussed in previous chapters, ECT is a powerful treatment for mental
illness. However, while it holds the promise of substantial benefit, ECT also
has the potential for significant risk. Therefore, when considering ECT as part
of the treatment plan for an identified patient, the physician needs to fully
assess the risks and benefits of the procedure for that patient (American Psy-
chiatric Association 2001; Klapheke 1997). This chapter reviews the process
for making this assessment, focusing especially on information that must be
obtained to conduct the risk-benefit analysis and identify the information that
must be sought that will affect the selection of ECT practice.

Pre-ECT Evaluation and Consultation

Because contemporary ECT is a sophisticated medical procedure, all patients
referred for this treatment must first be evaluated by a physician fully trained
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and privileged to administer ECT in the applicable facility (American Psychi-
atric Association 2001). This evaluation has five goals:

1. Obtain a complete psychiatric history and delineate the indication for ECT.

2. Review the patient’s preexisting medical conditions and ongoing treatments,
and determine what further evaluation, testing, or consultation is needed to
evaluate potential risk levels.

3. Recommend appropriate modifications of the ECT procedure to mini-
mize risks and maximize benefits.

4. Make a risk-benefit comparison of all viable treatment options.

5. Initiate the informed consent process.

Before proceeding with ECT treatment, the practitioner must first determine
that the patient has an ECT-responsive condition and that the time to intervene
with ECT is appropriate (see Chapter 2, “Indications for Use”). To perform this
task, the practitioner will find a detailed history of the patient’s present illness and
previous psychiatric treatments to be extremely useful. If ECT has been used pre-
viously, information should be gathered on the details of that treatment, includ-
ing electrical parameters, electrode placement, number of treatments, duration
and/or quality of seizures, and medications used at the time of the treatments.
This information will be useful in determining the optimum medication and
stimulus dosing parameters at the time of the first treatment (see Chapter 5,
“Clinical Applications,” and Chapter 6, “Anesthetics and Other Medications”).

Medical Assessment

A detailed medical history and physical examination are important to assess and
minimize any potential risks that might be associated with ECT. A thorough psy-
chiatric evaluation forms the basis of the history consultation. The history taking
should include particular attention to the patient’s handedness (which may guide
electrode placement) and dentition; any history of head trauma, spontaneous sei-
zures, or other neurological illnesses; and previous adverse reaction to general an-
esthesia, which is also relevant to preparation for ECT. Postoperative nausea and
vomiting are relatively common sequelae of general anesthesia and can be ad-
dressed with medication prior to each treatment. Because of the nearly ubiqui-
tous use of succinylcholine for muscle relaxation in ECT, a personal or family
history of pseudocholinesterase deficiency or malignant hyperthermia should be
communicated to the anesthesia team prior to the first scheduled treatment.
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Table 3-1. Medical conditions that increase risk from ECT

*  Recent intracranial hemorrhage

¢ Recent thromboembolic stroke

e Intracranial lesion (tumor or infection) causing mass effect

e Recent myocardial infarction, particularly if sequelae are present
*  Unstable angina or decompensating heart failure

¢ Unstable vertebral fracture

Although no absolute contraindications to ECT have been determined,
some medical conditions are known to increase the risk from the treatment
(see Table 3—1). In general, the psychiatrist performing the ECT consultation
should be aware of any history or symptoms indicating that the patient may
have one of these conditions.

In addition, the physician performing the ECT procedure should conduct
a physical examination with special focus on areas important for the procedure
(Tess and Smetana 2009). The practitioner should examine the scalp for evi-
dence of cranial defects or scalp disease (which may affect electrode placement)
and should evaluate the patient’s dentition. Loose or fragile teeth may require
extraction, modification of the use of the bite block, or production of a protec-
tive oral prosthesis prior to initiation of ECT (McCall et al. 1992; Minneman
1995).

Significant medical problems, such as arrhythmias, severe hypertension,
congestive heart failure, large aneurysms, or insulin-dependent diabetes mel-
litus, may require specialized medical consultation. Neurological consultation
should be considered when problems related to head trauma, intracerebral tu-
mor, stroke, epilepsy, or cerebrovascular malformations are uncovered. Also,
because ECT has been associated with a transient increase in intraocular pres-
sure (Edwards et al. 1990), an ophthalmology consultation is needed for the
patient with closed-angle glaucoma, poorly controlled open-angle glaucoma,
or retinal detachment.

When conferring with any specialized medical consultant, the referring
physician must be specific about what information is desired. The consultant
should not be asked to “medically clear” the patient for ECT, because only the
patient’s attending psychiatrist and ECT practitioner are in a position to make
a full risk-benefit analysis. Instead, the consultant should be asked to assess
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Table 3-2. Required and suggested laboratory examinations

Suggested laboratory examinations
Required laboratory examinations where specifically indicated

Complete blood count Thyroid-stimulating hormone test
Basic metabolic panel Liver function tests

Drug levels (lithium, valproic acid,
carbamazepine)

Prothrombin time/
Partial thromboplastin time/
International normalized ratio

Electrocardiogram

Chest X ray

Neuroimaging (computed tomography or
magnetic resonance imaging)

Electroencephalogram

Neuropsychological testing

the pertinent risks associated with the specific medical condition leading to
the consultation and to make recommendations as to how such risks can be
minimized.

Laboratory Tests and Special Examinations

The medical workup prior to ECT, as for any surgical or anesthetic procedure,
should be consistent with the patients history, symptoms, and age. Required
laboratory tests vary with each patient, but a minimal screening battery should
include hematocrit or hemoglobin, serum electrolytes, and electrocardiogram
(American Psychiatric Association 2001) (see Table 3-2). Recently, however,
the need for routine serum electrolytes and electrocardiograms in healthy young
adults has been questioned. Several studies have analyzed Holter monitor re-
cordings before and after ECT but have not found any significant effects in
heart rate variability, frequency of ventricular or supraventricular events, or
changes in ST segments due to ECT (Rasmussen et al. 2004; Takada et al.
2005; Troup et al. 1978). Overall, the literature has reported general cardiac
safety with the use of ECT in subjects without cardiac disease. The treatment
preparations for patients with a history of cardiac disease are discussed in the
section on special medical conditions later in this chapter.
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Table 3-3. Example of pre-ECT evaluation protocol

Cardio- Heavy
Age>  vascular Pulmonary smoking

Procedure Routine 40 years  disease disease history
Psychiatric examination X X X X X
ECT consult X X X X X
Anesthesia evaluation X X X X X
Informed consent X X X X X
Hemoglobin/hematocrit X X X X X
Serum electrolytes X X X
Electrocardiogram X X X X
Chest X ray X X

Because of the potential for memory impairment as a result of the ECT
procedure, at least a bedside measure of cognitive function, including mem-
ory performance, should be administered prior to initiating ECT. At the
time of this writing, only a small fraction of facilities utilize formal neuro-
psychological testing prior to ECT, although recommendations have been
made for those who wish to do so (Porter et al. 2008). Few facilities also
routinely require a laboratory assessment of cerebral integrity (e.g., electro-
encephalogram, head computed tomography, or brain magnetic resonance
imaging) prior to the ECT procedure. However, such testing should always
be considered for any patient who has evidence of a preexisting cerebral ab-
normality.

In the remote past, ECT practitioners recommended that all patients re-
ceive spinal X rays, but the introduction of muscle relaxants has negated the
need for routine radiological procedures of this type. However, X rays should
be considered if the patient has a history of musculoskeletal symptoms or dis-
ease involving the spine or adjacent structures.

Pre-ECT evaluation protocols, like the one shown in Table 3-3, have been
implemented at many facilities to maintain quality medical care but decrease
excess laboratory use. Appropriate tests, coupled with appropriate medical
history and physical examination, will ensure that an adequate evaluation of
the patient’s medical status has been conducted.
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Inpatient Versus Outpatient ECT

In general, ECT is a safe and effective treatment for patients in inpatient and
outpatient settings. A number of factors should be kept in mind when consid-
ering the environment in which ECT is offered. At the clinical level, symptom
severity may necessitate an inpatient hospitalization regardless of whether
ECT is pursued. Acute suicidal ideation, uncontrolled psychotic delusions, or
other severe psychiatric presentations may require that a patient be admitted
to a psychiatric unit prior to initiation of ECT. Because the degree of symp-
tom severity may be unclear prior to outpatient consultation for ECT, it is
helpful to have a clear protocol identified for patients to be admitted from the
outpatient ECT consultation area to an inpatient psychiatric unit as the need
may arise. If the patient can be managed psychiatrically as an outpatient, ECT
may be offered in the outpatient setting. In addition, some patients who be-
gin ECT as inpatients may no longer require hospitalization for their primary
psychiatric symptoms during their course of ECT. Those patients may be trans-
ferred to the outpatient ECT setting to complete their index course or to pur-
sue maintenance ECT.

Referrals for ECT may arise for inpatients admitted to psychiatric units who
were not specifically considered for ECT prior to admission. Educational ma-
terial (pamphlets, informational video, etc.) can be made available to inpa-
tient psychiatrists and nurses so they can initiate the discussion about ECT
with patients prior to formal consultation. To facilitate this process, continu-
ing medical education regarding ECT should be encouraged for inpatient
health care providers who do not directly participate in the delivery of ECT.

Anesthesia Evaluation

Because general anesthesia and muscular relaxation are used during ECT, an
anesthesia preoperative evaluation should be obtained. Any history of gastric
reflux, personal or familial problems with anesthesia or surgery, and all cur-
rent medications or allergies should be documented. A patient with pseudo-
cholinesterase deficiency may have an impaired metabolism of the muscle
relaxant succinylcholine during ECT, resulting in prolonged apnea. A test for
pseudocholinesterase activity may be required if the patient has a personal or
family history of prolonged apnea when exposed to generalized anesthesia.
Barbiturate anesthesia may pose a problem for patients with porphyria. The
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American Society of Anesthesiologists has graded various medical conditions
related to anesthetic risk; special care should be taken in any patient who may
be evaluated as class 4 or 5. For potentially high-risk patients, the anesthesia
consultant should see the patient 1 or 2 days in advance because further test-
ing or consultations may be indicated, and treatment modifications or special
preparations may be needed prior to the treatment. Anesthesia with respect
to the ECT procedure is discussed in greater detail in Chapter 6, “Anesthetics
and Other Medications.”

Modification of the ECT Procedure

One of the most important aspects of the pre-ECT evaluation is to recom-
mend appropriate modifications of the ECT procedure based on the medical
history or physical findings. In patients with a skull defect (e.g., traumatic de-
fect, craniotomy), electrode placement may need to be altered to accommo-
date the distorted anatomy. Also, identification of specific premedications for
ECT may be noted in the pre-ECT evaluation.

Management of Medications

All medications that a patient takes should be reviewed as part of the pre-ECT
evaluation for their possible roles in increasing the morbidity or decreasing
the efficacy of ECT. Some commonly prescribed medications that are con-
cerns are lithium, benzodiazepines, anticonvulsants, and theophylline. Evi-
dence indicates that concomitant use of lithium and ECT may increase the
risk of cognitive deficits, encephalopathy, and spontaneous seizures, although
this has been disputed (Dolenc and Rasmussen 2005; Mukherjee 1993; Small
and Milstein 1990).

Benzodiazepines or other anticonvulsants may raise the seizure threshold
and decrease seizure efficacy. If the patient requires sedation, hydroxyzine or
diphenhydramine is usually preferred over benzodiazepines. For a patient who
is severely agitated, antipsychotic medications are preferred. Because the time
required to safely taper a patient completely off benzodiazepines may be clini-
cally prohibitive, some practitioners have administered the benzodiazepine an-
tagonist flumazenil intravenously a few seconds following infusion of the
anesthetic agent (Berigan et al. 1995). There is substantial concern regarding
the effects of anticonvulsant agents on seizure threshold—that is, the ease with
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which seizures can be electrically induced—particularly given the increasingly
frequent usage of these medications for patients with treatment-resistant major
depression. However, there are some data suggesting that not all anticonvulsants
have equivalent effects in this regard, with lamotrigine being less problematic
than others (Sienaert and Peuskens 2007).

Most patients who are referred for ECT have unsuccessfully tried several
psychiatric medications or combinations of medications. Although some prac-
titioners discontinue any psychotropic medications prior to ECT, this is not
always feasible because of the half-life of the medication or patients’ special
needs. In these cases, initiation of ECT should not be held back if the risk is
low. Psychotropic medication use may be permitted during ECT for patients
who are psychotic or severely agitated. These medications have been found to
be particularly helpful to patients, and tolerability of ECT treatment was not
influenced by the medications (Nothdurfter et al. 2006).

Some practitioners have suggested that concomitant psychopharmacother-
apy may augment the therapeutic effect of ECT. However, limited data sup-
port this possibility, and only a few studies have shown an advantage of using
a combination of ECT and tricyclic antidepressants (Baghai et al. 2006; Sack-
eim et al. 2009). Based on a modest-sized retrospective case series, Baghai et
al. (2000) indicated that seizure duration was not affected by most antidepres-
sants, although selective serotonin reuptake inhibitors (SSRIs) caused an overall
lengthened seizure activity. Furthermore, the authors believed that a significant
enhancement of therapeutic effectiveness could be seen in the patient group re-
ceiving tricyclics, SSRIs, or mirtazapine. In a more recent, large-scale prospective
study, Sackeim et al. (2009) reported enhancement of ECT response with
nortriptyline and, to a lesser degree, venlafaxine. They also found that while
concomitant usage of nortriptyline was associated with diminished memory
deficits with ECT, the opposite appeared to be the case with venlafaxine. Clearly,
such provocative findings require corroboration.

The practitioner must also be very clear about which medications should
be given the day of ECT and how they should be administered. The patient
is usually allowed no food or drink after midnight prior to ECT. Any pre-
scribed oral medications that exert a protective effect during ECT (e.g., anti-
hypertensive, antiarrthythmic, analgesic, antireflux medications) can be given
with sips of water at least 2 hours prior to ECT. If anticholinergic medication
(e.g., glycopyrrolate or atropine) is prescribed to minimize secretions, it is
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usually administered intravenously at least 15 minutes prior to ECT. If it is
being used to minimize parasympathetic cardiovascular effects, it is best given
intravenously at the time of the treatment (see Chapter 6, “Anesthetics and Other
Medications”). For patients with glaucoma, pretreatment with an ophthalmic
beta-blocker preparation may prevent the rise in intraocular pressure by blunt-
ing the hypertensive response. In patients with asthma, chronic bronchitis, or
chronic obstructive pulmonary disease, asthma inhalers that induce immedi-
ate bronchodilation should be considered prior to induction with general an-
esthesia.

Medications that prolong seizure duration must be considered with caution
in the context of ECT. Although widespread use has diminished in the United
States, theophylline increases the risk of prolonged seizures or even status epi-
lepticus in ECT patients (Fink and Sackeim 1998).

Management of Special Medical Conditions

Cardiovascular Disease

The cardiovascular risk of ECT is a product of the stress of ECT itself (see
Chapter 9, “Cardiovascular Response”) and the severity and stability of coro-
nary artery disease in the patient (Applegate 1997). Studies have indicated that
patients with cardiac disease have a higher rate of cardiac complications during
ECT than those without cardiac disease (Zielinski et al. 1993) and that the
type of preexisting abnormality tends to predict the type of cardiac complica-
tion that occurs. Thus, post-ECT arrhythmias are correlated with the presence
of pre-ECT arrhythmias (Huuhka et al. 2003). However, most cardiac com-
plications are transitory and do not interrupt the completion of ECT.

Patients with hypertensive or coronary artery disease must be stabilized
prior to initiating treatments (Weiner et al. 2000). Once stabilized, they
should receive their medication prior to each treatment. Consideration
should be given to the use of an acute sympatholytic during treatment in
patients with coronary artery disease (see Chapter 6, “Anesthetics and Other
Medications”).

A retrospective study of patients with cardiac pacemakers who presented
for ECT found that no extra precautions are needed other than routine elec-
trocardiographic monitoring (MacPherson et al. 2006). Patients with cardiac
pacemakers usually have a decreased likelihood of pathological arrhythmias
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due to the artificial pacing. A demand pacemaker may require conversion to a
fixed mode at the time of treatment to prevent inappropriate activation. Sim-
ilarly, some types of implanted defibrillators need to be noninvasively deacti-
vated immediately before each treatment (Pinski and Trohman 1995). In both
cases, advice of a cardiology consultant should be sought if uncertainty exists.

Diabetes

ECT is often performed on psychiatric patients who have diabetes. In patients
with diabetes, glycemic control and insulin requirements usually show no
changes over the course of treatment or after individual treatments (Rasmussen
et al. 2000), although interindividual variation occurs. When changes are nec-
essary, they are usually associated with changes in dietary or activity levels
(Netzel et al. 2002). For the nondiabetic patient, studies have found that ECT
has no clinically significant effect on blood sugar (Rasmussen and Ryan 2005).

Because patients are usually allowed no food or drink prior to each treat-
ment, the antidiabetic medication regimen must be adjusted for the patient
with diabetes (Finestone and Weiner 1984). In particular, insulin dosages may
need to be reduced and/or split on ECT days. Preferably, patients requiring
insulin should be treated as early in the day as possible. Many practitioners use
an intravenous drip containing a glucose solution if the patient will have a
prolonged wait before treatment or if the patient’s diabetic control is brittle.
Because hypoglycemia increases the metabolic risk of seizures, a fingerstick
glucose level should be checked 30 minutes prior to each treatment.

Asthma

Because ECT requires the administration of general anesthesia, special care is
needed for patients with asthma. Overall, however, ECT appears to be safe for
patients with asthma. In a retrospective study of 34 patients with asthma who
underwent ECT, Mueller et al. (2006) found that four (12%) experienced ex-
acerbations of their asthma on a total of five occasions. Each exacerbation was
successfully treated with standard therapy, and all patients completed their
course of ECT. Because theophylline significantly increases the seizure dura-
tion and raises the risk of prolonged seizures (Rasmussen and Zorumski
1993), dosages should be minimized and blood levels checked prior to each
ECT treatment, until stable values can be assured.
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Epilepsy

Anticonvulsant agents are well recognized for making adequate seizure induc-
tion more difficult with ECT, although there is some evidence that this may
not be the case with lamotrigine (Sienaert and Peuskens 2007). Still, limited
data are available on the best clinical practice of ECT in patients with epilepsy.
In general, dosages of anticonvulsants should be minimized, and the morning
dose on the day of ECT should be delayed until after the treatment. Similar
to the management of glucose levels, blood levels of anticonvulsants should
be checked prior to ECT treatment until stable values can be assured. In a case
series review of 43 patients with epilepsy treated with ECT, Lunde et al.
(2006) found that the majority had adequate seizures during ECT without a
reduction of the concomitant anticonvulsant dosage, although a few patients
did require dosage reductions. The authors also observed that seven of the pa-
tients may have had spontaneous seizures during the treatment course, but
the possibility of pseudoseizures or nonictal phenomena seemed quite likely

in several of those cases.

Pregnancy

Pregnancy is not a contraindication to ECT, although an obstetrical consul-
tation is recommended for every patient who is pregnant, and noninvasive fe-
tal monitoring should be performed when indicated (Anderson and Reti
2009; Walker and Swartz 1994; Wisner and Perel 1998). The pharmacologi-
cal agents used at the time of ECT have no known teratogenic or other ad-
verse effects. However, during the last trimester, a greater risk of gastric reflux
is possible due to the mass effect produced by the growing fetus.

Head Trauma

Patients with skull defects may require modified stimulus electrode placement
to avoid a low-impedance path for the electrical current into the brain (see
Chapter 4, “Basics”).

Risk-Benefit Considerations

The decision to treat a patient with ECT is made after a careful risk-benefit
analysis of ECT and alternative treatments. The diagnostic and strategic indi-
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cations for ECT were discussed in Chapter 2, “Indications for Use.” As stated
there, even though ECT is typically used when patients have been refractory
to or intolerant of psychotropic medications, it should not be viewed as a
treatment of last resort. In some situations, ECT may be the initial treatment
of choice (American Psychiatric Association 2001).

Writing the ECT Consultation

The ECT evaluation may be viewed as a second opinion if performed by a
physician who is not the specific patient’s primary inpatient or outpatient
attending physician. Regardless of who performs the ECT evaluation, the
report should adhere to salient features noted in this chapter. Chiefly, the de-
cision to proceed with ECT can be supported by an ECT-responsive di-
agnosis and failure of other treatment modalities. If ECT is to be used as the
primary treatment option, written justification of the rationale should be
documented.

In addition to confirming the diagnosis and justifying ECT, the consult-
ing physician should include in the report any specific ECT-related treatment
plans. Electrode placement, modification of the patient’s regular medication
regimen, addition of pre-ECT medications or post-ECT medications, and is-
sues related to anesthesia should be included. The report may also include an
estimate of the approximate number of treatments. If ECT is not recom-
mended, the ECT provider may suggest alternative treatment options that
may not have been considered by the primary treatment team. Reference to
the informed consent process should be made in the ECT evaluation, but the
evaluation itself typically does not replace a more formal written informed

consent.

Informed Consent

As for any invasive medical procedure (particularly one that involves general
anesthesia), informed consent must be obtained for ECT (American Psychi-
atric Association 2001). Whereas psychiatrists routinely obtain verbal consent
from patients prior to initiating pharmacological treatments, the standard for
consent regarding invasive procedures in the United States requires written
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Table 3-4. Components of informed consent for ECT

* Information about benefits of treatment (including potential duration of effect)
* Information about risks (potential adverse effects) of treatment
¢ Information about alternatives to ECT

e Assessment of the patient’s decision-making capacity

informed consent. Regulations concerning the informed consent process for
ECT vary considerably from state to state. For example, in some jurisdictions,
the consent form must include specific information identified by state regu-
lations. The treating physician must be familiar with local jurisdictional re-
quirements (Harris 2000).

For the consent to be deemed valid, it must meet four criteria (Table 3—4).
The patient must be provided with information about risks and benefits, as
well as alternative forms of treatment. The patient also must have the capacity
to provide consent, and the consenter must make the decision him- or herself.

The informed consent for ECT should be obtained by a physician mem-
ber of the ECT treatment team. A separate consent for the provision of general
anesthesia should be obtained by the anesthesia team (i.e., the anesthesiolo-
gist or his or her designee).

Consent must always be obtained before the initial treatment in an index
treatment course. Because continuation or maintenance ECT represents a sep-
arate treatment series, informed consent should be reobtained before its initi-
ation and at least every 6 months thereafter, using a separate consent form, as
the purpose of the maintenance treatment is generally prophylactic rather
than therapeutic. ECT is unusual in that an index treatment course consists
of a series of separate individual treatments that may span several weeks. Be-
cause the course is a series, consent for each treatment should not be necessary
(except in rare cases where required by state law). However, both the patient
and the physician should understand that informed consent is an ongoing
process and that the consenter may withdraw consent for ECT at any time
during the series.

Information about ECT should be presented not with the goal of merely
obtaining a signature on a consent form, but rather to enable the consenter
to make an informed decision. This process involves the physician presenting

information to the consenter in a plain, comprehensible manner. Situations
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involving substantially increased risk or major treatment modifications should
also be addressed, and such communications should be documented in the
medical record.

Most states require that the formal consent materials provide a certain
minimum amount of information. This information can be provided either
in a single consent form or in two documents: a brief formal consent form
(see examples in Appendix D) and a more lengthy patient information sheet
(see example in Appendix C). The American Psychiatric Association has rec-
ommended that such materials cover nine general areas of patient informa-
tion (American Psychiatric Association 2001):

1. A description of the ECT procedure (including the times the treatment
is given, the location, and the typical number of treatments to be admin-
istered)

Why ECT is being recommended and by whom

Alternative treatment methods

A statement that any benefits may be transient

AR

The likelihood and anticipated severity of major risks (mortality, cardio-

vascular complications, and cognitive changes) and common minor risks

o

A description of behavioral restrictions that may be necessary

7. An acknowledgment that consent for ECT is voluntary and can be with-
drawn at any time

8. An offer to answer questions regarding the recommended treatment at
any time and the name of the person to contact for such questions

9. A statement that consent for ECT also implies consent for delivery of any

emergency medical or surgical interventions that become necessary (a very

rare event) while the patient is unconscious

Some practitioners supplement the patient information materials described
above with more detailed written documents and/or videotapes especially de-
signed for educating patients. A listing of educational books and a videotape
for patient education can be found in Appendix B.

Some data suggest that even elderly patients who are severely depressed
often retain their ability to provide informed consent for ECT (Lapid et al.
2004). Patients should be considered to have the capacity to provide consent
unless compelling evidence suggests otherwise. For such capacity to be pres-
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ent, a patient should be able to 1) comprehend the nature and seriousness of
the illness for which treatment is being offered, 2) understand the informa-
tion provided concerning the treatment modality, and 3) form and express a
rational response based on this information. If the patient lacks capacity un-
der these guidelines, informed consent must be provided via applicable state
or federal statutes, often by a court-appointed guardian. In some jurisdictions,
next of kin who have not been identified previously as proxy decision makers
may not be able to provide informed consent for patients who lack such ca-
pacity. In complex circumstances, medicolegal support may be available from
the hospital counsel’s office or the psychiatrist’s or hospital’s medical malprac-
tice risk management office.

Sample consent forms (for acute and maintenance/continuation ECT)
are provided in Appendix D. These forms are meant to serve as a model that
can be adapted to the specific needs of the region in which ECT is practiced.
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Basics

Richard D. Weiner, M.D., Ph.D.

The goal of the physician during ECT is to deliver an electrical stimulus large
enough to induce an adequate seizure while minimizing the risk of significant
side effects. This seizure initiation occurs via a massive synchronous recruitment
of certain intracerebral neuronal centers, as occurs in spontaneous major motor
seizures. The electrical stimulus can be delivered in a number of ways utilizing
different modes of delivery, stimulus types, and stimulus intensities. The phy-
sician has to determine what electrical dose to administer to each individual
patient to assure a safe and effective treatment. A simple understanding of a few
basic concepts concerning the electrical stimulus is important to this decision.

Electrical Waveforms Used With ECT

The electrical stimulus can be delivered via a variety of waveforms. A wave-
form is the “shape” of the stimulus as a function of time. Historically, the two
most commonly used waveforms in ECT are the sine wave and brief pulse
waveforms (Sackeim et al. 1994), which are depicted in Figure 4-1.
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Figure 4-1. Sine wave (A) and brief pulse (B) waveforms.

Sine Wave ECT

When Cerletti and Bini began experimenting with the induction of seizures by
electricity (see Chapter 1, “History of Electroconvulsive Therapy,” and Shorter
and Healy 2007), they used, as a matter of convenience, the waveform that is sup-
plied by wall outlets: the sine wave. Sine wave currents are characterized by a con-
tinuous stream of electricity that flows in alternating directions. The number of
alterations in direction, or cycles of negative and positive current flow, is referred
to as the frequency of the stimulus and is measured in hertz (Hz), defined as the
number of cycles per second. In the United States, standard wall current consists
of a 60-Hz sine wave, which means that 60 positive and 60 negative departures
from the baseline occur each second that the overall stimulus is being delivered.
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Brief Pulse ECT

Beginning in the late 1970s, the brief pulse waveform replaced the sine wave stim-
ulus in ECT in most countries. Like the sine wave stimulus, the brief pulse wave-
form is bidirectional (i.e., has alternating positive and negative phases). However,
as opposed to the continuously undulating sine wave, the brief pulse consists of a
series of instantaneously rising and falling rectangular pulses of current, with ad-
jacent pulses separated by brief periods of no electrical activity (see Figure 4-1).
Brief pulses are characterized by four stimulus parameters: pulse width, fre-
quency, duration, and peak current (see Figure 4-1). The duration of each pulse
is referred to as the pulse width, which is measured in milliseconds (ms; thou-
sandths of a second). Pulse frequency, by convention, is defined in terms of pulse
pairs per second, although it is common practice to use the same unit of mea-
sure, hertz, as used for the sine wave. The actual number of pulses per second is
twice the frequency. In the example shown in Figure 4-1B, a brief pulse fre-
quency of 60 Hz would be associated with 60 positive and 60 negative depar-
tures from the baseline each second during the passage of the stimulus. Duration
is defined as the length of the entire series of pulses delivered, and is measured
in seconds. It is functionally the same as the time elapsed between the first and
last pulse in the series. The final stimulus parameter is peak current, which is the
maximum intensity of each pulse, measured from the zero baseline, in amperes.

Ultra-Brief Pulse ECT

Beginning in the late 1990s, renewed interest has been shown in the so-called
ultra-brief stimulus waveform (Loo et al. 2007; Pisvejc et al. 1998; Sackeim et
al. 2008). Operationally, a “brief” pulse has a pulse width of 0.5-2.0 ms,
whereas the width of an “ultra-brief” pulse is less than 0.5 ms. (The clinical im-
plications of pulse width are discussed in Chapter 5, “Clinical Applications.”)

The Electrical Stimulus

Seizure Threshold

Seizure threshold is the total amount of electricity necessary to induce a seizure
and, as discussed in Chapter 5, “Clinical Applications,” is a parameter that is
integral to stimulus dosing in clinical practice. The physiological efficiency of
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the brief pulse stimulus in activating brain neurons is more optimal than the
sine wave because of its rapid rise and fall. In that regard, its relatively short
“on” time is analogous to that of endogenous neuroelectrical signals within
the brain—that is, action potentials. For this reason, evoking a generalized
seizure using a brief pulse device typically requires much less overall stimulus
intensity than does a sine wave stimulus. Theoretically, a similar situation
should exist in regard to ultra-brief pulses versus brief pulses, with the ultra-
brief pulses being even more efficient in terms of neuronal excitation, and
thereby associated with a lower seizure threshold than brief pulses.

Current, Voltage, and Impedance

All electrical signals can be characterized by three primary variables: current,
voltage, and impedance. In a physical sense, current is the number of electrons
per second flowing through a circuit. In this case, the circuit is made up of the
ECT machine, the stimulus cables, the stimulus electrodes, and the patient’s
head. Volrage is the force that drives the flow of electrons during the stimulus.
It is the push of the system. mpedance is a measure of the obstacle to the current
flow. It is the level of resistance to be overcome. In ECT, the terms impedance
and resistance can be used interchangeably, because other factors potentially
involved in impedance—that is, capacitance and inductance—are not major
contributors in ECT. The greater the resistance (or impedance), the greater
the push (or voltage) required for the fixed flow of electrons. In practical terms,
a higher resistance is most often encountered in ECT with poor stimulus elec-
trode contact, which requires a higher voltage to deliver a given current level.
Conversely, the lower the impedance, the less push or voltage required to
move a fixed current. The relationship among current, voltage, and resistance
is called Ohm’s law and is expressed in the equation

current=voltage/resistance

where current is measured in amperes (A) or milliamperes (mA), voltage is
measured in volts (V), and resistance (impedance) is measured in ohms (€2).

Mode of Stimulus Delivery

In addition to the type of waveform used, ECT devices differ in whether they ad-
minister the stimulus via a constant current or constant voltage. If we apply Ohms
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law to the administration of the electrical stimulus, we find that ECT devices
must allow the user to set either current (constant-current device) or voltage (con-
stant-voltage device). In either case, the other measure of intensity varies with re-
sistance, according to Ohm’s law. Because current is now recognized as being of
greater physiological importance than voltage in ECT, constant-current devices
are preferable because they allow the user a greater control over stimulus intensity.
In other words, with a constant-current device, such as the ECT machines
presently marketed in the United States, the practitioner predetermines the
amount of current the patient will receive (e.g., 800 mA). Using the above
equation for Ohm’s law, the actual amount of current delivered (in milliam-
peres) would theoretically remain fixed, with any variation in impedance
(ohms) being reflected by a proportional change in voltage while the current re-
mains fixed. As an example, a doubling in impedance from 150 Q to 300 Q
would not affect the amount of current (800 mA) delivered. However, again
using Ohm’s law, the voltage would also double from 120 V to 240 V. In prac-
tice, the ability of constant-current ECT devices to maintain current at a con-
stant level breaks down when the impedance is grossly elevated (e.g., due to
extremely poor stimulus electrode contact). In such cases, the devices limit
voltage output as a safety feature (discussed in the following section).

Practical Considerations Regarding Impedance

As is evident in the previous discussion, the electrical impedance during the
passage of the stimulus current is a very important measure. It can differ sub-
stantially across patients, and it can vary from treatment to treatment in the
same patient (Coffey et al. 1995; Sackeim et al. 1991, 1994).

The primary source of impedance, as monitored during an ECT treat-
ment, is the scalp tissue that underlies the stimulus electrodes. Because the
skull is associated with extremely high intrinsic impedance, most of the elec-
trical stimulus current is shunted across the scalp tissues between the elec-
trodes without ever passing through the brain. As a result, only a fraction of
the stimulus current actually enters the brain unless a low-impedance path-
way to the brain exists (e.g., a skull defect). For this reason, stimulus elec-
trodes should never be placed over or adjacent to a defect.

Because of the current’s shunting across the scalp, the amount of current
entering the skull is much less than that present at the stimulus electrodes. In
addition, this lower amount of current is spread over a large surface area, so
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that the current density—that is, the amount of current per square centime-
ter—is further diminished. The electrical stimulus is attenuated even further
during its passage through the skull, because of the large voltage drop that
takes place across that structure’s high impedance. All of these effects result in
the fact that at the level of the brain substance itself, both current intensity
and voltage are markedly lower than at the stimulus electrodes, such that a
much weaker electrical current passes through neurons. This fact should not
be surprising because sometimes even a high-intensity stimulus delivered by
the ECT device is insufficient to induce the level of neuronal activation nec-
essary to generate seizure activity.

A too-low scalp impedance (e.g., 100 Q) is associated with an increased
scalp shunting of current, a lower proportion of current entering the brain, and
therefore diminished effectiveness in producing a seizure. This situation can oc-
cur when the ECT electrodes are placed too close together or when a conduct-
ing medium, such as sweat, saline, or electrode gel, forms a low-impedance
pathway (short circuit) between the electrodes. More commonly, the imped-
ance is too high. This situation can occur when the stimulus electrodes are in
poor contact with the skin, causing the current to flow through a much smaller
area. Because of the associated voltage limiting by the device, this situation also
makes it less likely that an effective stimulus will be delivered and raises the the-
oretical risk of a skin burn (although this would be extremely unlikely with
present devices). Table 4—1 summarizes the causes of variations in impedance.

To estimate whether impedance during the passage of the stimulus cur-
rent will be too high or too low, brief pulse devices in the United States incor-
porate a self-test procedure. This feature involves the passage of a very low
current through the entire electrical circuit pertinent to ECT (i.e., cable,
leads, electrodes, and patient), allowing an estimation of impedance prior to
stimulation. This low current is well below the patient’s perceptual threshold,
even if fully awake and alert. The impedance to this small current is typically
much greater than that encountered during the actual stimulus. This differ-
ence is due to the fact that the impedance of the scalp tissue underlying the
stimulus electrode is voltage sensitive and drops virtually instantaneously dur-
ing the passage of the stimulus current. For this reason, the impedance during
the stimulus current is termed the dynamic impedance (relating to the change
that occurs during the passage of the stimulus current), and the impedance
during the self-test procedure is termed the static impedance (reflecting the
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Table 4-1. Cause of variations in impedance

Causes of high impedance Causes of low impedance

Poor contact of electrodes with scalp Stimulus electrodes are too close
together

Poor preparation of scalp Low impedance pathway (sweat,

conducting gel)

Faulty connection of electrodes

baseline impedance state). Typical dynamic impedance is around 220 € (range
120-350 €2), whereas typical static impedance is approximately 350-2,000 Q
for most devices (range 300-3,000 €2). Impedances are higher for women
than for men and greater for unilateral stimulus electrode placement than for
bilateral placement (Coffey et al. 1995). Because impedance is also inversely
proportional to stimulus electrode size (surface area in contact with the scalp),
impedances are lower in the United States, where ECT devices have stimulus
electrodes 2 inches in diameter, than in some other countries where stimulus
electrodes are smaller.

As noted eatlier, a frequent cause of markedly elevated stimulus intensity
is inadequate coupling of the stimulus electrodes to the scalp (caused, e.g., by
insufficient preparation of the scalp; insufficient use of electrode gel, particu-
larly when hair is in the way; or too little pressure in the application of the
stimulus electrodes to the scalp). Another cause of very high static imped-
ance is the failure to connect the stimulus cable to the stimulus electrodes
or the loss of such a connection. If the static impedance is too high (e.g.,
>3,000 Q with the Somatics Thymatron® System IV and DGx [http://www.
thymatron.com] or MECTA spECTrum [http://www.mectacorp.com] ECT
devices, or “failure” with the MECTA SR and JR devices), the electrode cables
and the electrode application should be checked. The static impedance
should then be retested to ensure safe treatment. The MECTA spECTrum
provides a continuous and automatic determination of static impedance,
whereas the Thymatron® devices and the MECTA SR and JR devices require
manual triggering of the static impedance measurement. Therefore, the self-
test procedure with the latter devices should be assessed near in time to actual
stimulus delivery (although additional testing prior to that time is often per-
formed to ensure that the static impedance is within range at baseline).
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Total Amount of Electricity Delivered With ECT:
Charge and Energy

For various reasons, being able to describe the total amount of stimulus in-
tensity delivered, in the form of a single composite intensity measure, is de-
sirable. Such a measure, for example, will allow overall stimulus dose to be
represented by a single number. Two such composite measures are charge and
energy, both of which are automatically calculated by the present generation
of U.S. ECT devices. The first of these measures, charge, represents the prod-
uct of the amount of current in a single pulse and the number of pulses de-
livered in the series, and is measured in millicoulombs (mC). The amount of
current in a single pulse is the product of peak current (in amperes) and pulse
width (in milliseconds), whereas the number of pulses is the product of twice
the frequency (in hertz) and duration (in seconds).

As an example, if one has a stimulus characterized by 0.5-ms pulses of 0.8-A
intensity and a frequency of 70 Hz, delivered for a duration of 3 seconds, the
charge is 0.5x0.8x2x70x3=168 mC.

Energy, in the context of ECT stimulus dose, is defined as the product of
voltage and current over the entire stimulus duration. With a constant-current
ECT device, using Ohm’s law to replace voltage with the product of current
and dynamic impedance, it becomes clear that energy is proportional to dy-
namic impedance. Because dynamic impedance is not known until after pas-
sage of the stimulus, energy, as opposed to charge, is not predictable prior to
the stimulus. For this and other reasons, charge is the preferred means of ex-
pressing total stimulus dosage.

Device characteristics, stimulus parameter ranges, and maximum output
charge and energy (assuming a dynamic impedance of 220 Q) are given in
Table 4-2 for the present generation of ECT devices made in the United
States as of December 2008. Figure 4-2 provides photographs of examples of
these devices. Each of these devices provides the user with a printout of the
pertinent electrical output information regarding the ECT stimulus, includ-
ing both static and dynamic impedance.



Table 4-2. Specifications of ECT devices used in the United States (as of January 2009)

MECTA Somatics
SR-1 and SR-2 and spECTrum spECTrum Thymatron® Thymatron® DGx Thymatron®
Specification JR-12 JR2*  5000Q/4000Q® 5000M/4000MP DGx*  with FlexDial*® System IV®
Peak current (mA) 500-800 800 500-800 800 900 900 900
Frequency (pulse 40-90 70 20-120 20-120 30-70 30-70 10-140
pairs per second)
Pulse width (ms) 0.5-2.0 0.5-4.0 0.3-2.0 0.3-2.0 1.0 0.5-1.5 0.25-1.5
Duration (seconds) 0.5-2.0 0.5-4.0 0.5-8.0 0.2-8.0 0.5-4.0 0.1-8.0 0.1-8.0
Charge? (mC) 20-576 20-576 5-576 6-576 27-504 25-504 25-504
Energyd’e )] 2.2-101 13-101 1-101 1-101 5-99 5-99 5-99
EEG monitoring SR-1 yes SR-2 yes 5000Q yes 5000M yes Yes Yes Yes
JR-1 no JR-2 no 4000Q no 4000M no
Computer No No Yes Yes Yes Yes Yes
monitoring and
storage capability

Note.  EEG=clectroencephalogram; J=joules; mA=milliamperes; mC=millicoulombs; ms=milliseconds.

*Manufacturer’s second-generation device.

®Manufacturer’s third-generation device.

“Optional.

dA¢ time of writing, maximum device output charge in the United States for both U.S. ECT device manufacturers are limited by the Food and Drug
Administration to what is shown in this table. For some other countries, these companies’ devices are available with extended stimulus parameter ranges,
allowing for approximately double the maximum output charge.

“Energy values assume a dynamic impedance of 220 Q.

GG sdiseg
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Figure 4-2. Photographs of ECT devices used in the United States:
(A) The MECTA spECTrum 5000Q. (B) The Thymatron® System IV, cour-
tesy of Somatics, LLC.
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Clinical Applications

Richard D. Weiner, M.D., Ph.D.

In Chapter 4, “Basics,” I discussed the nature of the electrical stimulus in ECT
and how the stimulus is characterized in terms of specific parameters. In this chap-
ter, I discuss how the stimulus dose is chosen for clinical use. Topics include seizure
adequacy, stimulus intensity, stimulus dosing strategies, and electrode placement.

Stimulus Dosing

As noted in Chapter 4, the purpose of the electrical stimulus in ECT is to gen-
erate an intracerebral current flow sufficient to induce an adequate generalized
seizure within the brain. The seizure threshold is the minimum amount of stim-
ulus electrical charge that will evoke such a response in a given patient at a given
point in time. How a series of seizures produces the therapeutic effect of ECT
is still unclear, but four important points are generally believed to be true:

1. An induced generalized seizure appears to be necessary for the produc-
tion of a therapeutic response.

59
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2. Seizures produced by barely suprathreshold stimuli are diminished in efficacy
regardless of seizure duration, particularly with unilateral ECT (Sackeim et
al. 1987). This effect is probably even more prominent with ultra-brief-pulse
stmuli.

3. Seizures produced using markedly suprathreshold levels of stimulus in-
tensity appear to be associated with increased cognitive side effects.

4. The stimulus intensity necessary to produce a therapeutically adequate sei-
zure increases across subsequent treatments within an index ECT course.

These points are used to guide stimulus dosage based on the understanding

of two parameters, seizure adequacy and stimulus intensity, discussed below.

Seizure Adequacy

For many years, an ECT treatment was considered therapeutically adequate
if the seizure was generalized and of a certain duration (Abrams 2002; Amer-
ican Psychiatric Association 2001; Ottosson 1960). Typical recommended
minimal durations have been 20-25 seconds for the motor response and 25 sec-
onds for the ictal electroencephalographic (EEG) response. Because seizures
tend to be shorter in elderly patients and also to diminish over the treatment
course (Sackeim et al. 1991), some practitioners have used a lower criterion
(e.g., <20-second seizure duration late in the treatment course if the patient
is older than age 60 years). Seizure duration also may be affected by a number
of other parameters, including the dose of anesthetic agent and the amount
to which the stimulus exceeds the seizure threshold.

The precise minimum duration of the seizure required for optimal thera-
peutic effect has never been established, and data supporting specific criteria
are not compelling, either in terms of the duration of an individual seizure or
cumulative seizure duration over the entire treatment course. For this reason,
the determination of treatment adequacy has been based on clinical outcome
rather than on the number of seconds of seizure activity. As will be shown
later in this chapter, there is also evidence that more intense stimuli some-
times lead to shorter, rather than longer, seizures, because of the nonlinear re-
lationship between stimulus intensity and seizure duration (Frey et al. 2001).
More recently, some evidence has indicated that other features of the seizure
besides duration—for example, ictal EEG amplitude, pattern, and extent of
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postictal suppression—may offer promise as measures of seizure adequacy
and thereby serve as guides to stimulus dosing (Azuma et al. 2007; Krystal et
al. 1998, 2000; Mayur 2006; Perera et al. 2004) (see Chapter 8, “Ictal Elec-
troencephalographic Response”).

Stimulus Intensity

Evidence suggests that the greater the ECT stimulus intensity is with respect
to seizure threshold (i.e., the more suprathreshold the stimulus), the more ef-
fective the treatments and the speedier the recovery (Sackeim et al. 1993).
However, a higher stimulus intensity is directly related to an increase in cog-
nitive side effects. Thus, the logical approach would be to deliver a stimulus
that is moderately suprathreshold. Unfortunately, this solution is complex,
for several reasons.

Seizure threshold varies greatly from person to person (up to 40-fold) and
also from treatment to treatment, increasing variably over the treatment
course (Sackeim et al. 1991). A number of factors influence an individual’s sei-
zure threshold (see Table 5-1), including age, gender, anesthetic agents, psy-
chotropic medications, stimulus electrode placement, and the number and
recency of previous ECT treatments.

Researchers do not yet know how much the stimulus needs to be above
seizure threshold to be considered moderate, although for brief pulse bilateral
ECT, the estimate is 50%—-100% above the individual’s seizure threshold
(equivalent to 1.5-2 times seizure threshold), whereas for brief pulse unilateral
ECT, estimates run 150%-500% above seizure threshold (i.e., 2.5-6 times
seizure threshold). There is reason to believe that stimulus intensity needs to
be greater than with brief pulse ECT for both unilateral and bilateral electrode
placement, although sufficient information to specify a precise range does not
presently exist. The stimulus dosing strategies described in the following sec-
tion represent attempts to deal with this unresolved issue.

Stimulus Dosing Strategies

Two types of methods are generally used to determine electrical stimulus in-
tensity: the dose-titration method and the preselected-dose method (Ameri-
can Psychiatric Association 2001). A third type of dosing strategy, EEG-based
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Table 5-1. Factors influencing seizure threshold

Factor Raises seizure threshold Lowers seizure threshold
Age Old Young
Gender Male Female
Medication Benzodiazepines Pentylenetetrazol
Anticonvulsants Vasopressin
Barbiturates Benzodiazepine or alcohol
withdrawal®
Amphetamines
Tricyclic antidepressants®
Phenothiazines®
Lithium?
Reserpine
Brain disease Diffuse, nonirritative® Irritative®

Electrode placement  Bilateral, bifrontal® (requires  Unilateral (requires less

more stimulus charge) stimulus charge)
Electrode contact Poor contact® Good contact®
Seizure activity Seizure within last few days

(standard ECT schedule)

*Evidence is suggestive or theoretical but not conclusive.

dosing, has been proposed (Krystal and Weiner 1994; Krystal et al. 2000) but
is still limited in its application.

Dose Titration

The dose-titration method allows the seizure threshold to be estimated at the
first treatment. Stimulus dosing is then carried out with respect to that esti-
mate at successive treatments. This technique involves starting with a stimu-
lus dose at the first treatment that has a moderate (e.g., 50%) chance of
inducing a seizure. Although beginning at a very low dose would theoretically
allow a more precise estimate of seizure threshold for patients with low seizure
thresholds, it would also result in excessive numbers of restimulations in pa-
tients with higher seizure thresholds. Taking into account some of the known
relationships between seizure threshold and the factors of gender, electrode
placement, and age, a dosing schedule can be developed that minimizes the
number of restimulations required at the first treatment but at the same time
allows a reasonably accurate estimate of initial seizure threshold. Sample sched-
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ules for ECT devices currently used in the United States, based on clinical ex-
perience at Duke University Medical Center with brief pulse stimuli (Coffey
etal. 1995), are provided in Tables 5-2 through 5-4; general instructions for
the use of the schedules in these three tables are listed in Table 5-5. It should
be noted that these dosing protocols may differ from those included in device
user manuals, which themselves tend to be empirically rather than scientifi-
cally based.

Separate dose titration schedules and instructions for ultra-brief-pulse
stimuli are provided in Tables 5-6 through 5-8. Since very few data regarding
stimulus dosing for ultra-brief-pulse exist at the time of this writing, the reader
should be aware that the schedules reflected in these three tables are based on
both extrapolation from clinical experience with brief-pulse stimulus dosing
and theoretical modeling. Again, these schedules may differ from those con-
tained in device user manuals.

Table 5-2. Dose titration techniques for MECTA SR and JR models
(brief-pulse stimuli)

MECTA SR-1/JR-1 MECTA SR-2/JR-2
Dose PwW F D I Charge Energy Charge
level (msec) (/sec) (sec) (amp) (mcoul) level® (mcoul)
1° 1.0 40 050 0.8 32 1.0° 58
24 1.0 40 075 08 48 1.0 58
3¢ 1.0 40 1.25 0.8 80 1.5 86
4 1.0 40 2.00 0.8 128 2.5 144
5 1.0 60 2.00 0.8 192 3.5 202
6 1.0 90 2.00 0.8 288 5.0 288
7 1.4 90 2.00 0.8 403 7.0 403
8 2.0 90 2.00 0.8 576 10.0 576

Note. Pulse width, frequency, duration, and current are all adustable.

amp =amperes; mcoul=millicoulombs; msec=milliseconds; sec=seconds; /sec=Hertz.

Actually proportional to maximum output charge, where a setting of 1=10% maximum output
charge, and a setting of 10=100% of maximum output charge.

bStart at dose level 1 for unilateral ECT in female patients.

“Settings below this level may be associated with too brief a stimulus duration to induce seizures.
4Start ar dose level 2 for bilateral ECT in female patients or unilateral ECT in male patients.
“Start at dose level 3 for bilateral ECT in male patients.
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Table 5-3. Dose titration techniques for MECTA SpECTrum
models (brief-pulse stimuli)

MECTA SpECTrum
MECTA SpECTrum 4000Q/5000Q 4000M/5000M

Dose PW F D I Charge Stimulus Charge

level (msec) (/sec) (sec) (amp) (mcoul) level* (%)  (mcoul)
1° 1.0 40 050 0.8 32 5 29
2¢ 1.0 40 0.75 0.8 48 10 58
3d 1.0 40 125 0.8 80 15 86
4 1.0 40 2.00 0.8 128 25 144
5 1.0 60 2.00 0.8 192 35 202
6 1.0 60 3.00 0.8 288 50 288
7 1.0 60 4.50 0.8 432 70 403
8 1.0 60 6.00 0.8 576 100 576

Note. amp=amperes; mcoul=millicoulombs; msec=milliseconds; sec=seconds; /sec=Hertz.
*Percent of maximum output charge.

bStart at dose level 1 for unilateral ECT in female patients.

“Start at dose level 2 for bilateral ECT in female patients or unilateral ECT in male patients.
4Start at dose level 3 for bilateral ECT in male patients.

With these schedules, the dose at the first treatment is set according to the
patient’s gender and the stimulus electrode placement used (i.e., unilateral or
bilateral), because some evidence indicates that these two factors account for
more of the variance in seizure threshold than does age (Sackeim et al. 1991).
If an adequate seizure is not obtained in response to the initial stimulus, the
patient is restimulated after a short delay (generally less than 15 seconds) at a
one-step increase of roughly 50% in overall intensity (charge). (Although
smaller increments between steps lead to more precise estimates of seizure
threshold, they also result in a higher number of restimulations. The 50% fig-
ure represents what I believe to be a reasonable compromise.) If an adequate
seizure is still not elicited, the patient should be restimulated at a further one-
step increment after an identical short delay. This process may be repeated for
up to a total of four stimulations at the first treatment, except that a two-step
increase should be used for the fourth stimulus to maximize the likelihood of
achieving an adequate seizure. On average, only one restimulation is neces-
sary at the first treatment (Coffey et al. 1995).
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Table 5-4. Dose titration techniques for Somatics Thymatron DGx
and System IV models (brief-pulse stimuli)

Thymatron DGx Thymatron System IV
Dose Energy level® Charge Energy level® Charge
level (%) (mcoul) (%) (mcoul)
1° 5 25 5 25
2¢ 104 50 104 50
3¢ 15 76 15 76
4 25 75 25 75
5 35 115 35 115
6 50 173 50 173
7 70 259 70 259
8 100 403 100 403

Note. mcoul=millicoulombs.

*Percent of maximum output charge.

bStart at dose level 1 for unilateral ECT in female patients.

“Start at dose level 2 for bilateral ECT in female patients or unilateral ECT in male patients.
4Steps constrained to units of 5%.

“Start at dose level 3 for bilateral ECT in male patients.

The stimulus intensity that was successful in producing a seizure at the
first treatment constitutes the estimate of the patient’s seizure threshold at the
beginning of the ECT course. The stimulus for successive treatments is then
increased by at least one step (approximately 1.5 times the initial threshold)
for bilateral ECT and three steps (approximately 3.4 times the initial thresh-
old) for unilateral ECT, to be sufficiently above seizure threshold to ensure ad-
equate and rapid treatment efficacy. As long as seizures appear adequate (see
Chapter 8), the stimulus is kept at this level. Some practitioners choose to in-
crease to as much as 6 times seizure threshold (McCall et al. 2000; Sackeim
et al. 2000), but evidence to support such high levels (which may have cog-
nitive ramifications) is not conclusive.

Unfortunately, because seizure threshold increases to a variable degree and
at a variable rate over the ECT course, seizures are eventually missed or are in-
adequate in a high proportion of patients. When such an event occurs, an ad-
ditional one-step (1.5 times) increment in stimulus intensity is indicated;
some practitioners recommend a larger increase (e.g., two steps, or 2.25 times)
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Table 5-5. Instructions for use of brief-pulse dose titration
schedules shown in Tables 5-2 through 5-4

Threshold determination 1.  Start at level indicated by gender and electrode
placement.

2. Increase level one step if restimulation is necessary.

3. If no adequate seizure has occurred after three
stimulations at the first session (uncommon),
jump two levels for the fourth stimulus.

4. If no adequate seizure has taken place after four
stimulations at the first session (rare), abort the
treatment session and go one level higher for initial
stimulus at the second treatment session to continue
titration.

Successive treatments 1. After establishing lowest threshold level needed to
produce an adequate seizure, increase three steps for
the next treatment with unilateral ECT and one step
with bilateral ECT.

2. Whenever any further increase in stimulus intensity
is indicated because of a missed, abortive, or
inadequate seizure (see Chapters 8 and 11), use
one- or two-step increments for unilateral ECT
and one-step increments for bilateral ECT.

with unilateral ECT. Because the rise in seizure threshold is not predictable, a
minority of practitioners retitrate the stimulus dose for the patient at a later
point in the ECT course (e.g., at the sixth treatment), whereas some others
routinely increase the stimulus intensity intermittently (e.g., at every third
treatment).

In this regard, the use of seizure duration as the primary measure of en-
suring that the stimulus remains sufficiently suprathreshold (see Chapter 8 and
Chapter 11, “Managing the ECT Seizure”) is problematic, given that the com-
plex relationship between relative stimulus intensity—that is, the extent to
which a stimulus exceeds seizure threshold—and seizure duration is nonlin-
ear. As shown in Figure 5-1, when the stimulus is barely suprathreshold, in-
creasing stimulus intensity will be associated with a longer seizure duration.
However, when the stimulus greatly exceeds seizure threshold, seizure dura-
tion can be expected to fall rather than increase. In addition, as the number

of index ECT treatments increases, seizure threshold rises and seizure dura-



Clinical Applications 67

' N
Increasing
treatment
number
c
RSl
=
O
=4
2
O
o
s
X | Increasing
‘o | treatment v
| number
.
»

\/ Stimulus intensity

Seizure

threshold

Figure 5-1. Effects of increasing treatment number on the relationship
between stimulus intensity and seizure duration.

tion falls, resulting in a shift to the right and downward of the curve depicting
the relationship between stimulus intensity and seizure duration. What this
means is that some seizures that appear very brief may actually be associated
with a higher relative stimulus intensity than longer seizures, particularly to-
ward the end of an index ECT course. In practical terms, if increasing stimu-
lus intensity is seen to lead to a decrease in seizure duration, that effect is
evidence that the stimulus was well above seizure threshold.

There has been some concern that with unilateral brief-pulse (and both uni-
lateral and bilateral ultra-brief-pulse) ECT, the barely suprathreshold seizure
induced at the first treatment using the dose titration technique may be sub-
optimal from an efficacy standpoint (although this point remains to be proven).
One option, though technically complex, is to induce a second, moderately
suprathreshold seizure during the initial session of anesthesia. Because of the
postictal refractory period, this technique requires waiting 2 minutes follow-
ing completion of the initial EEG seizure before inducing the second seizure.
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Table 5-6. Dose titration techniques for MECTA SpECTrum
models (ultra-brief-pulse stimuli)

MECTA SpECTrum
MECTA SpECTrum 4000Q/5000Q 4000M/5000M

Dose PW F D I Charge Stimulus Charge

level (msec) (/sec) (sec) (amp) (mcoul) level* (%)  (mcoul)
1° 03 20 20 08 20 3 17
2¢ 0.3 30 2.0 0.8 29 5 29
3d 03 40 25 08 48 8 46
4 0.3 50 3.0 0.8 72 13 75
5 0.3 50 4.5 0.8 108 20 115
6 0.3 60 6.0 0.8 173 30 173
7 0.3 90 6.0 0.8 259 45 259
8 0.3 100 8.0 0.8 384 70 403
9 0.37 120 8.0 0.8 568 100 576

Note. amp=amperes; mcoul=millicoulombs; msec=milliseconds; sec=seconds; /sec=Hertz.
*Percent of maximum output charge.

bStart ar dose level 1 for unilateral ECT in female patients.

“Start at dose level 2 for bilateral ECT in female patients or unilateral ECT in male patients.
dStart at dose level 3 for bilateral ECT in male patients.

During this time period, it is essential to carefully monitor the patient for ev-
idence that the effects of the anesthetic or muscle relaxant are wearing off, and
to add an additional partial dose of either should that occur. For obvious rea-
sons, one would not want to administer a higher anesthetic dosage initially,
but one can administer an initial muscle relaxant dose that is 1.5 times what
one would utilize otherwise. As noted above, this technique is technically
challenging and should only be used by those with substantial experience
with traditional dose titration.

Preselected Dose

The preselected dose is the second type of strategy for stimulus delivery. In its
most crude form, often referred to as the fixed-dose paradigm, all patients re-
ceive the same stimulus dose, regardless of patient characteristics (McCall et
al. 1995), usually at a relatively high level (e.g., 50%—100% of the device’s
maximum output intensity). This technique does not make any attempt to
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Table 5-7. Dose titration technique for Somatics Thymatron
System IV model (ultra-brief-pulse stimuli)

Thymatron System IV

Dose
level Energy level® (%) Charge (mcoul)
1b 5 25
2¢ 104 50
3¢ 15 76
4 25 75
5 35 115
6 50 173
7 70 259
8 100 403

Note. amp = amperes; mcoul = millicoulombs; msec = milliseconds; sec = seconds; /sec=Hertz.
*Percent of maximum output charge.

bStart at dose level 1 for unilateral ECT in female patients.

“Start at dose level 2 for bilateral ECT in female patients or unilateral ECT in male patients.
4Steps constrained to units of 5%.

“Start at dose level 3 for bilateral ECT in male patients.

match stimulus intensity with seizure threshold, and it results in stimulation
of many patients at doses much higher than seizure threshold.

In a more useful variation of this method, the calculated-dose paradigm, the
initial dose selected is anticipated to be moderately suprathreshold for a typical
patient with certain characteristics (e.g., age, gender, electrode placement) (Enns
and Karvelas 1995). For example, some providers use a preselected-dose strategy
based solely on the age of the patient, with dose (e.g., as a percentage of maxi-
mum output charge) set to the patient’s age in decades. In this case, such a stim-
ulus dose may be many times the seizure threshold for a substantial percentage
of patients, particularly elderly ones. Some practitioners have recommended a
modified preselected-dose strategy, using one-half the age of the patient as the
starting stimulus dose (Petrides and Fink 1996), although this may compensate
too much in the other direction, particularly with younger patients.

Using seizure threshold data obtained by the dose-titration method de-
scribed in Tables 5-2 through 54 (modified from Coffey et al. 1995), one can

ensure that the stimulus is at least moderately above the initial seizure threshold
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Table 5-8. Instructions for use of ultra-brief-pulse dose titration
schedules shown in Tables 5-6 and 5-7

Threshold determination 1.  Start at level indicated by gender and electrode
placement.

2. Increase level one step if restimulation is necessary.

3. If no adequate seizure has occurred after three
stimulations at the first session (uncommon), jump
two levels for the fourth stimulus.

4. If no adequate seizure has taken place after four
stimulations at the first session (rare), abort the
treatment session and go one level higher for initial
stimulus at the second treatment session to continue
titration.

Successive treatments 1. After establishing the lowest threshold level needed
to produce an adequate seizure, increase four steps
for the next treatment with unilateral ECT and
two steps with bilateral ECT.

2. Whenever any further increase in stimulus intensity
is indicated because of a missed, abortive, or
inadequate seizure (see Chapters 8 and 11),
use two-step increments for both unilateral and

bilateral ECT.

for the great majority of patients at the start of the ECT course by using a level
5 stimulus dose for females younger than age 60 years and a level 6 stimulus
dose for everyone else. In Tables 5-9 and 5-10, this guideline is specifically
spelled out for currently marketed U.S. ECT devices.

Because only about 40% of the variance in seizure threshold can be ac-
counted for by factors such as age, gender, and electrode placement, even the
calculated-dose technique still results in markedly suprathreshold stimuli for
many patients. Also, as with any dosing technique, the variable rise in seizure
threshold over the ECT course will often eventually require restimulation at
a higher level in some patients.

EEG-Based Dosing

Certain EEG measures may reflect seizure adequacy and therefore could be useful
in assisting practitioners in stimulus dosing (Mayur 2006) (see Chapters 8 and
11), although this point has been disputed (Perera et al. 2004). In this regard, the



Table 5-9. Pre-selected stimulus dosing techniques for MECTA devices (brief-pulse and ultra-brief-pulse

stimuli)
MECTA SR-2 MECTA SpECTrum

MECTA SR-1 and JR-1 and JR-2 MECTA SpECTrum 4000Q/5000Q  4000M/5000M
Dose PW F D I  Charge Energy Charge PW F D I  Charge  Stimulus Charge
level (msec) (/sec) (sec) (amp) (mcoul) level® (mcoul) (msec) (/sec) (sec) (amp) (mcoul) level® (%) (mcoul)
Sb 1.0 60 2.0 0.8 192 3.5 202 1.0 60 2.0 0.8 192 35 202
6° 1.0 90 2.0 0.8 288 5.0 288 1.0 60 3.0 0.8 288 50 288
7 1.4 90 2.0 0.8 403 7.0 403 1.0 60 4.5 0.8 432 70 403
8 2.0 90 2.0 0.8 576 10.0 576 1.0 60 6.0 0.8 576 100 576

Note. amp=amperes; mcoul=millicoulombs; msec=milliseconds; sec=seconds; /sec=Hertz.

*Percent of maximum output charge.

bFemales younger than 60 years.

All others.

1L suonediddy jearud
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Table 5-10. Pre-selected stimulus dosing techniques for
Somatics Thymatron devices (brief-pulse and ultra-brief-pulse
stimuli)

Thymatron DGx Thymatron System IV
Dose Energy Charge Energy Charge
level level® (mcoul) level® (mcoul)
sb 35 202 35 202
6 50 288 50 288
7 70 403 70 403
8 100 576 100 576

Note. amp=amperes; mcoul=millicoulombs; msec=milliseconds; sec=seconds; /sec=Hertz.
*Percent of maximum output charge.
PFemales younger than 60 years.

All others.

MECTA spECTrum 5000 series ECT devices (http://mectacorp.com) offer an
option that provides an automated estimate of the likelihood that a given ECT
treatment is therapeutically potent (Krystal and Weiner 1994, Krystal et al. 1998,
2000). This estimate is based on how much certain EEG characteristics of the in-
duced seizure differ from those produced by barely suprathreshold (and thereby
therapeutically ineffective) unilateral ECT. This option also offers, for unilateral
ECT, an automated estimate of the extent to which the stimulus that elicited the
seizure exceeded seizure threshold. This latter feature would theoretically provide
an ongoing means throughout the ECT course of assessing when a unilateral
ECT stimulus comes too close to the seizure threshold and should be increased.
The Somatics Thymatron System IV device (heep://www.thymatron.com) also
contains seizure quality features related to factors such as postictal EEG suppres-
sion, EEG seizure amplitude and coherence, and EEG seizure spectral content
that could also theoretically be used for such purposes (Azuma et al. 2007).

Comparison of Dosing Methods

Each of these methods of stimulus dosing has both advantages and disadvan-
tages. The dose-titration method is likely to result in a subconvulsive dose at
the first treatment, necessitating restimulation (although our own experience
over many years indicates that the median number of such restimulations at
the first treatment is one). One advantage of this method is that the approx-
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imate seizure threshold at the time of the first treatment is determined, so that
a moderate suprathreshold dose can be easily calculated. This is analogous to
a pharmacological blood level in the sense that it offers a way to match the
stimulus to a measurable criterion that is tied to clinical outcome. However,
the variable rise in seizure threshold over the treatment course may diminish
the usefulness of the initial dose determination in some patients.

With the preselected-dose method, only a very rough estimate of stimulus
intensity can be made, even when considering factors such as age, gender, and
electrode placement. The resulting stimuli may be grossly suprathreshold for
some patients but subconvulsive or marginally suprathreshold for others. If a
relatively high preselected dose is used, the clinician is less likely to administer
a subconvulsive or marginally suprathreshold dose. Although the result may
be more rapid or effective treatment (McCall et al. 1995), cognitive distur-
bances may be accentuated.

The EEG-based dosing technique, although promising, has not been suf-
ficiently tested (at the time of writing) to be used on its own. However, the
technique could well serve as an adjunct to either of the other dosing tech-
niques, in the sense of providing some additional information to help guide
the decision as to whether and when the stimulus dose should be increased
over the treatment course.

We currently recommend the dose-titration technique as offering the most
proven advantages. The reader should be aware, however, that the area of
stimulus dosing remains under active study and that future findings may sug-
gest an alternative methodology.

Electrode Placement

During the past decade, much discussion has occurred among practicing psy-
chiatrists about which stimulus electrode placement to use for a given patient.
There are two primary options, shown in Figure 5-2: bilateral placement and
right unilateral placement. Other electrode placements, including bifrontal
placement have also been proposed.

Bilateral and Right Unilateral Electrode Placement

ECT was originally delivered with bilateral placement, high stimulus dosing,
and sine wave stimulus waveform. Each of these parameters has been associ-
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Bilateral Unilateral

Figure 5-2. Bilateral and right unilateral ECT electrode placement.

ated with increased cognitive side effects. As discussed in the preceding sec-
tions, moderately suprathreshold stimulus dosing and brief pulse stimulus
were developed to optimize therapeutic potency and decrease adverse effects.
Similarly, right unilateral electrode placement has also resulted in decreasing
the cognitive side effects (Squire and Slater 1978; Stromgren et al. 1976).
This decrease may be due in part to the relative sparing of nondominant me-
sial temporal lobe structures by both the stimulus current path and the in-
duced seizure. The most commonly used unilateral placement is the d’Elia
placement (d’Elia 1970), as demonstrated in Figure 5-2, although a variety
of other unilateral placements have been proposed.

The controversy surrounding the choice in ECT of right unilateral versus
bilateral electrode placement has been generated by mixed findings about
efficacy, speed of action, and amount of cognitive side effects. Comparing
studies is difficult, because results are confounded by differing stimulus inten-
sities, lengths of treatments, patient diagnoses, outcome variables, and even
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specific choice of unilateral electrode placement. Despite this fact, the follow-
ing statements appear to be supported by the majority of clinical research and

experience:

1. Either technique is generally effective in the treatment of depression. How-
ever, some data suggest that specific subgroups, especially patients with ma-
nia, may not respond as thoroughly to unilateral treatments (Mukherjee
et al. 1994).

2. In some studies, patients reportedly responded faster to bilateral placement,
requiring fewer treatments for a course of ECT (Sackeim et al. 2000).

3. Some depressed patients who did not respond to right unilateral place-
ment in ECT experienced significant clinical improvement after they
were switched from unilateral to bilateral placement (Abrams et al.
1983).

4. Stimulus intensity just above seizure threshold markedly reduces the ef-
ficacy of unilateral ECT. This effect may be present to a lesser degree in
bilateral ECT (Sackeim et al. 1993), particularly with ultra-brief-pulse
stimuli.

5. Bilateral ECT results in greater acute cognitive side effects than does non-
dominant unilateral ECT. This difference is most apparent in tests assess-
ing or requiring verbal function (Squire and Slater 1978). Also, although
most memory functions appear to be restored in most patients 6 months
after ECT, persisting memory complaints are more common in patients
who receive bilateral ECT.

Because of the cognitive advantages of nondominant unilateral electrode
placement over bilateral electrode placement, a reasonable approach is to rou-
tinely use nondominant unilateral ECT in patients who are more susceptible
to profound confusional states. These patients may include those who are el-
derly, who have dementia, or who have developed significant confusion dur-
ing prior courses of ECT. Unilateral ECT is also preferable for individuals
who are highly concerned about the effects of ECT on memory functioning,.
Bilateral ECT is generally preferable for patients in whom a rapid response is
clinically required (e.g., the actively suicidal patient or the catatonic patient
who refuses to eat), as well as for those who have preferentially responded to
bilateral ECT in the past or who indicate a preference for this modality.
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A variation used by many clinicians is to begin with unilateral ECT and
then switch to bilateral ECT if little or no therapeutic improvement is noted
after six treatments. As with any major change regarding the ECT procedure,

the clinician needs to discuss such changes with the consenter.

Determination of Cerebral Dominance

In individuals who are right motor dominant, the nondominant side of the
brain with respect to speech functions is almost always the right side. With in-
dividuals who are left motor dominant, the situation is less clear (Pratt et al.
1971). In such cases, one may estimate dominance by use of a cognitive assess-
ment technique carried out at the second and third ECT treatments. This tech-
nique involves giving a series of verbal recall tasks (e.g., “What are the names of
these three objects?”) as the patient awakens after each of the second and third
ECT treatments. Right-side electrode placement is used for the first treatment,
because that treatment involves dose titration to estimate seizure threshold. The
second and third treatments are then given in either a right-left or a left-right
sequence. To avoid confounding the data, the practitioner must use different
objects for memory testing after each treatment. The nondominant hemisphere
can then be assumed to be the side associated with the highest score on the ver-
bal recall tasks. If scores from treatments 2 and 3 are equal, mixed dominance
is implied, and either right or left unilateral ECT can be used (although right

unilateral electrode placement is usually chosen because of convenience).

Bifrontal Electrode Placement

Several other ECT electrode placement strategies have been proposed, none
of which has been studied with the depth of bilateral and right unilateral ECT.
Of these alternatives, the most studied and most frequently used is bifrontal
ECT. Bifrontal electrode placement has been proposed as a means to maintain
the efficacy of traditional bilateral electrode placement while diminishing the
level of memory impairment (possibly due to lessened seizure intensity in me-
sial temporal brain areas).

Data supporting the efficacy of bifrontal ECT have been reported in the
treatment of both major depressive episodes (Eschweiler et al. 2007) and
acute manija (Hiremani et al. 2008). However, the efficacy of bifrontal ECT

compared with other electrode placements remains controversial (Bakewell et
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al. 2004; Heikman et al. 2002). These studies have supported a cognitive ad-
vantage for bifrontal over bilateral ECT, although such an advantage is un-
likely with respect to right unilateral electrode placement.

Other Electrode Placements

Modified bilateral or right unilateral ECT may be indicated in cases of skull
defects from head trauma or surgery. As noted in Chapter 4, placing elec-
trodes over skull defects may substantially increase the amount of stimulus
charge entering brain tissue. In patients with skull defects, physicians should
avoid placing stimulus electrodes directly over the defects while closely ap-
proximating the routinely used electrode placement of choice for that patient.
Neuroimaging studies, such as computed tomographic (CT) scan with “bone
windows,” may help in confirmation of actual skull defects rather than ap-

proximation of such defects by visual inspection or reliance on surgical scars.
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Anesthetics and
Other Medications

Mehul V. Mankad, M.D.
Richard D. Weiner, M.D., Ph.D.

During the early years of ECT, electricity was applied to patients without
anesthesia or muscle relaxation. Beginning in the 1950s and 1960s, however,
several types of medication were introduced to increase the safety and patient
acceptability of ECT. These medications included anesthetics, muscle relaxants,
anticholinergics, and sympatholytic agents. Along with oxygenation and other
refinements in the ECT technique (see Chapter 5, “Clinical Applications”;
Chapter 7, “Ictal Motor Response”; Chapter 8, “Ictal Electroencephalographic
Response”; and Chapter 9, “Cardiovascular Response”), these medications have
resulted in much safer and more therapeutic ECT practice (American Psychiatric
Association 2001; Ding and White 2002; Saito 2005). A list of the most com-
monly used medications given at the time of ECT administration is provided

in Table 6-1.
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Anesthetic Agents

The goal of anesthesia during ECT is to induce in the patient a brief period
of amnesia covering the period of the electrical stimulation and the action of the
muscle-relaxing agent. However, the level of anesthesia should not be so deep
as to overly suppress the seizure activity, because that activity is the aim of the
treatment.

The standard anesthetics used for ECT are barbiturates, of which metho-
hexital (Brevital) is the most commonly used, followed by thiopental (Pento-
thal) (see Table 6-1 for typical doses). Methohexital has the advantages of rapid
action, low cardiac toxicity, and a low incidence of postanesthesia confusion
(Mokriski et al. 1992). In a recent systematic review, methohexital was shown
to be superior to other anesthetics with regard to motor seizure duration
(Hooten and Rasmussen 2008).

Because all barbiturates raise the seizure threshold and prolong the apneic
period, titrating the dose of anesthetic is important. The recommended dose
of methohexital is 0.75-1.0 mg/kg of body weight, given intravenously as a
single bolus. This initial dose may be decreased if the patient is elderly or obese.
Subsequent doses are adjusted according to the patient’s previous response.
The adequacy of anesthesia administered can generally be assessed by observ-
ing the patient for the presence of movements or unexplained autonomic ac-
tivation (e.g., tachycardia) just before the stimulus. If a patient has not been
adequately anesthetized, a small additional intravenous dose of anesthetic
agent (e.g., 10-30 mg of methohexital) should be given immediately.

Propofol (Diprivan) is a newer nonbarbiturate agent that is less cardiotoxic
than methohexital and also has a shorter half-life of action. Although it has been
used successfully as the sole anesthetic in ECT, propofol is not recommended for
routine ECT anesthesia because it substantially shortens seizure duration (and
likely increases seizure threshold) compared with methohexital (Geretsegger et
al. 2007; Walder et al. 2001), although the clinical significance of this effect has
been questioned (Malsch et al. 1994). Recent reports indicate that the combina-
tion of propofol and an intravenous opiate such as remifentanil (Ultiva), alfen-
tanil (Alfenta), or fentanyl (Fentora) may decrease the total amount of propofol
required for anesthesia, thereby increasing seizure length and improving postictal
suppression (Porter et al. 2008). Similar findings have been reported with such
agents used in combination with other anesthetic medications used during ECT.
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Table 6-1. Names and doses of medications commonly used
during ECT
Medication Dose

Anesthetic agents
etomidate (Amidate)
ketamine (Ketalar)
methohexital (Brevital)
propofol (Diprivan)
thiopental (Pentothal)

Anticholinergic agents
atropine (Atropine)
glycopyrrolate (Robinul)

Benzodiazepine antagonist
flumazenil (Romazicon)

Muscle relaxants
atracurium (Tracrium)
cisatracurium (Nimbex)
rocuronium (Zemuron)
succinylcholine (Anectine)

Postictal sedatives
diazepam (Valium)
haloperidol (Haldol)
lorazepam (Ativan)
midazolam (Versed)

Sympatholytic agents
esmolol (Brevibloc)
labetalol (Trandate, Normodyne)
nifedipine (e.g., Adalat)

nitroglycerin (e.g., Nitrostat)

0.2-0.6 mg/kg iv
1.5-2.0 mg/kg iv
0.75-1.0 mg/kg iv
1.0-1.5 mg/kg iv
2-4 mg/kg iv

0.4-1.0 mg iv or 0.3-0.6 mg im

0.2-0.4 mg iv, im, or sc
0.5-1.0 mg iv

0.4-0.5 mg/kg iv
0.2 mg/kg iv
0.6-1.3 mg/kg iv
0.5-1.25 mg/kg iv

2.5-10 mg iv
2-10 mg iv
1-4 mg iv

0.5-2.0 mg iv

1 mg/kg iv (may also be used as an infusion)
5-30 mg iv
10 mg sl
0.2-0.4 mg iv or sl (also patch and paste)

Note.

im=intramuscularly; iv=intravenously; sc=subcutaneously; sl=sublingually.

Ketamine (Ketalar), another nonbarbiturate anesthetic agent, may be in-

dicated when the maximum stimulus output of the ECT device has already

been reached without a satisfactory ictal response. Although ketamine does

not appear to elevate seizure threshold, it is slightly more cardiotoxic than bar-
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biturates and also produces transient emergence psychosis in a minority of pa-
tients. For these reasons, it is not used as the routine anesthetic of choice.

The acceptance of etomidate (Amidate) as an anesthetic agent in ECT is
increasing. Etomidate has a favorable profile with regard to its low anticon-
vulsant effect, rapidity of induction and emergence, and limited adverse effect
profile. In head-to-head comparison, etomidate has shown marginal benefit
over propofol with regard to seizure length, amount of electrical charge neces-
sary for adequate treatment, and total number of treatments during an index
course of ECT (Eranti et al. 2008; Patel et al. 2006). Widespread adoption of
etomidate is unlikely due to concern about acute adrenal insufficiency (a crit-
ical care emergency) after as little as a single induction dose of the drug
(Lundy et al. 2007).

Limited data exist for the use of inhalational anesthetics in ECT. Sevoflu-
rane (Ultane) has been used safely as the primary anesthetic in some studies
(K.G. Rasmussen et al. 2007).

Muscle Relaxants

The use of muscle relaxants with ECT has improved airway management and al-
most completely eliminated musculoskeletal trauma as a complication of ECT.
Before these agents were used, fractures were a common complication in con-
vulsive therapy (although they generally presented as asymptomatic spinal
compression fractures).

The goal of a muscle relaxant in ECT is to decrease the intensity of ictal
motor movements. Complete paralysis is neither necessary nor desirable in most
cases, because it may be associated with prolonged apnea. Exceptions to this
rule involve patients for whom even mild motor manifestations should be
avoided, such as some individuals with severe osteoporosis or those with frag-
ile or unstable musculoskeletal disease.

The adequacy of muscle relaxation should be checked before stimulation.
Adequate relaxation can be confirmed by testing for a diminution of deep
tendon reflexes, loss of withdrawal (e.g., plantar) reflexes, and decreased mus-
cle tone. Particularly in cases for which achievement of complete muscular
relaxation is essential, a peripheral nerve stimulator may be used. The stimu-
lator is set to provide intermittent electrical pulses to a peripheral nerve (usu-

ally the posterior tibial nerve at the ankle or the median nerve at the wrist) at
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a rate of one or two per second and at an intensity sufficient to produce a
muscle twitch in response to each pulse. Typically, maximal relaxation is seen
when the resultant muscle contraction (twitch) has stopped, although in
practice this technique is not always reliable. Because peripheral nerve stimu-
lation is uncomfortable, its use should be initiated only when the patient is
anesthetized.

Succinylcholine (Anectine) is the preferred relaxant agent. It is adminis-
tered intravenously by either bolus or drip. The usual dose is 0.75-1.25 mg/kg
of body weight. Succinylcholine is a depolarizing agent; therefore, in most
patients, fasciculations (twitches of muscle groups innervated by single motor
neurons) will be seen beginning in the upper body and progressing distally.
Maximal relaxation has been achieved when the fasciculations have disappeared.
The maximal effect of succinylcholine is usually achieved in 1-3 minutes
postinfusion, and paralysis disappears in most patients after 3—5 minutes.

Variations in succinylcholine metabolism are occasionally noted (Whit-
taker 1980). Patients with severe hepatic disease or nutritional deficiencies
may metabolize succinylcholine more slowly than desirable. More commonly,
inborn errors of succinylcholine metabolism exist, usually on a heterozygous
basis. Homozygous pseudocholinesterase deficiency, fortunately very rare, can
be associated with extremely prolonged apnea with succinylcholine, whereas
heterozygous individuals have varying levels of pseudocholinesterase activity.
Individuals with genetic enzymatic deficiencies often report a personal or
family history of prolonged apnea following exposure to muscle relaxants. If
either of these conditions is suspected, a test for pseudocholinesterase activity
may be performed. Routine testing is not recommended. For a patient who tests
positive for the homozygous state, the preferred alternative is to use another
relaxant agent (as discussed later in this section), or very low doses of succi-
nylcholine (1-5 mg intravenously [iv]) may be considered. The situation is
less severe for individuals with the heterozygous state, although the succinyl-
choline dose should still be reduced in proportion to the diminution in en-
zyme function.

Drug interactions with succinylcholine do exist. Its metabolism is slightly
prolonged with lithium, digoxin, and some antibiotic agents (Marco and
Randels 1979). However, except in the case of the long-acting anticholinest-
erase agents (used rarely as a topical antiglaucoma medication), such interac-

tions are typically not of sufficient concern to require the use of an alternative
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relaxant. A similar margin of safety appears to be present when succinylcho-
line is used with nootropic anticholinesterase agents.

Another potential concern with succinylcholine is its tendency to pro-
duce a transient rise in serum potassium (because of its depolarizing effect on
muscle fibers). Although this is not a problem in the great majority of pa-
tients, a potential for dangerous hyperkalemia exists in individuals with pre-
existing significant hyperkalemia; severe, widespread muscular rigidity; or
third-degree burns. A nondepolarizing relaxant should be used in such cases.
In addition, some cases of rigid catatonia may result in hyperkalemia that
must be considered when ECT is incorporated into the treatment plan (Hud-
cova and Schumann 2006). A final group of patients for whom succinylcho-
line should not be used are those who have had a personal or family history
of malignant hyperthermia with prior anesthesia. However, a history of neu-
roleptic malignant syndrome, which presents with symptoms similar to those
of malignant hyperthermia (although milder), does not appear to increase the
risk of malignant hyperthermia, except in the case of active neuroleptic ma-
lignant syndrome with severe and widespread muscular rigidity (in which case
a nondepolarizing relaxant should be used).

Rocuronium (Zemuron), atracurium (Tracrium), and cisatracurium (Nim-
bex) have been used as alternatives to succinylcholine. These nondepolarizing
muscle relaxants have significantly longer half-lives than succinylcholine.
Therefore, their use is usually associated with prolonged apnea, although this
effect is minimized by reversal with physostigmine (combined with atropine to
negate the systemic cholinergic effects of physostigmine). Because these are
nondepolarizing agents, muscle fasciculations will not be seen, and a peripheral
nerve stimulator is often used to help determine the amount of relaxation.

Some patients report generalized muscle pain after ECT. This side effect
may be due to the intense fasciculations that follow the administration of suc-
cinylcholine, although this etiology has been questioned (K. G. Rasmussen et
al. 2008). A minority of practitioners premedicate affected patients with non-
paralytic doses of a nondepolarizing relaxant to prevent such symptoms. In
these cases, the agent (e.g., atracurium 3.0-4.5 mg iv) is administered sev-
eral minutes before the anesthetic agent and succinylcholine. Because non-
depolarizing relaxants are competitive with succinylcholine, the dose of suc-
cinylcholine needs to be increased by 10%-25% to achieve the same degree
of muscle relaxation.
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Anticholinergic Agents

During ECT, vagal reflexes are induced on two separate occasions. The first
occurs immediately following the electrical stimulus and may be associated with
a transient bradycardia or asystole, usually not lasting more than 5-7 seconds
(Kaufman 1994). The second may occur as the seizure ends, when a resulting
transient bradycardia may be associated with atrial or ventricular ectopy. Pre-
medication with a muscarinic anticholinergic agent may decrease the likeli-
hood and severity of bradycardia or asystole due to vagal effects (P. Rasmussen
et al. 2007).

Anticholinergic agents also diminish the risk of aspiration from excessive
secretions. Many physicians do not routinely use them because of a lack of
controlled trials to prove that these medications clearly diminish morbidity,
and because their use may be associated with an increase in ictal tachycardia.
However, according to Gitlin et al. (1993), some patient subgroups, notably
those receiving sympathetic blocking agents, may be at increased risk unless
anticholinergic premedication is used. In addition, missed, or absent, seizures
are associated with an increased likelihood of poststimulus asystole, leading
some practitioners also to add anticholinergic premedication at the first treat-
ment when a dose-titration technique is used (see Chapter 5).

The most commonly used anticholinergic preparations are glycopyrrolate
(Robinul) (0.2-0.4 mg iv, intramuscularly, or subcutaneously) and atropine
(Atropine) (0.4-1.0 mg iv or 0.3-0.6 mg intramuscularly or subcutaneously).
Most practitioners prefer glycopyrrolate, because atropine is a centrally acting
anticholinergic that crosses the blood-brain barrier and could theoretically ex-
acerbate postictal delirium, although objective evidence for this is not compel-
ling (Calev et al. 1993). Alternatively, some studies have shown atropine to be
more potent in its effects on cardiac rhythm, both in protecting against brady-
cardia and asystole and in producing tachycardia (K. G. Rasmussen et al. 1999).

Anticholinergic medications can be administered in two different ways: 1) in-
travenously 2-3 minutes before the anesthetic agent or 2) subcutaneously or in-
tramuscularly 30 minutes before the anesthetic agent. Most practitioners believe
that when anticholinergic agents are given subcutaneously or intramuscularly, the
reduction of oropharyngeal secretions is maximized, thereby improving airway
management and reducing the risk of aspiration, although some data have ques-
tioned this advantage for the subcutaneous or intramuscular route (Kramer et al.
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1992). When these medications are given intravenously, the cardiac effects can be
directly observed (increased heart rate), dry mouth before the treatment can be
avoided, and the patient does not have to endure the discomfort of an injection.
Whatever route of administration is used, the practitioner should remember that
individuals vary in their responses to a specific dose and that the anticholinergic
effects of any concurrent medications should be taken into account.

Sympatholytic Agents

During ECT, the sympathetic nervous system is activated, resulting in a tran-
sient surge in systolic pressure and heart rate. This effect can present a significant
physiological challenge to patients with hypertension or ischemic heart disease.
Short-acting beta-blockers are often used to diminish the risk. However, the
practitioner must avoid iatrogenically inducing a hypotensive state postictally,
thereby increasing patients’ fall risk as well as compromising cardiac patients.

Labetalol (Trandate, Normodyne) is the most commonly used beta-blocker
at present. It both selectively blocks 01;-adrenergic receptors and nonselectively
blocks ;- and ,-adrenergic receptors (Stoudemire et al. 1990). It is usually
given in an intravenous bolus 2 minutes before anesthesia induction. Efficacy
can be monitored by measuring blood pressure at a 2-minute interval postinjec-
tion. The usual starting dose is 5-10 mg given intravenously. Although pro-
longed or severe hypotension has not been reported after ECT using labetalol
(Wegliski 1993), patients should be kept at bed rest for at least 1-2 hours post-
ictally, because the functional half-life of this medication is at least 1-3 hours.

Esmolol (Brevibloc) is an ultra—short-acting beta-blocker now frequently
used by anesthesiologists. Its half-life is 9 minutes after injection, thus de-
creasing the likelihood of post-ECT hypotension. Unfortunately, use of either
esmolol or the longer-acting propranolol (Inderal) may shorten seizure dura-
tion compared with use of labetalol (McCall et al. 1997; van den Broek et al.
1999). Therefore, the usual practice is to reserve the use of esmolol to control
sustained hypertension in the postictal period.

Importantly, the effects of beta-blockers on reducing cardiac rate are greater
than they are on lowering blood pressure. Despite the theoretical concern that
asystole might be lengthened during the early ictal response in the presence of a
sympatholytic agent, studies have not shown this effect (Dannon et al. 1998).
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In patients with significant hypertension, some anesthesiologists use al-
ternative agents with more potent antihypertensive effects, such as nifedipine
(e.g., Adalat) or nicardipine (Cardene) (either alone or in combination with
a sympatholytic agent [Figiel et al. 1993]), when a marked attenuation of ECT-
related hypertension is indicated. Nifedipine is usually administered sublin-
gually 10-20 minutes before ECT. Nitroglycerin (e.g., Nitrostat), which is
sometimes indicated at the time of ECT in patients with preexisting cardiac
ischemic states (given sublingually, intravenously, or by patch), can be helpful
in providing both antihypertensive and antibradycardic effects (Parab et al.
1992). In extreme situations, potent rapidly acting antihypertensive medica-
tions, such as nitroprusside (Nitropress), have also been used.

Oxygenation

Before the introduction of modified ECT with muscle relaxation, oxygen was
not routinely used. During the convulsion, many patients significantly desat-
urated and became profoundly cyanotic. Use of muscle relaxants has decreased
the body’s requirement for additional oxygen, because oxygen-consuming
muscular activity is substantially reduced. Even with this protection, however,
cerebral oxygen consumption increases almost 200% during the seizure (Pos-
ner et al. 1969). Therefore, the patient should be ventilated with 100% oxygen
at a rate of 15-20 breaths per minute, beginning approximately 1 minute be-
fore the induction of anesthesia and continuing until the resumption of spon-
taneous breathing. Patients with ischemic cardiac disease should receive a
longer period of preoxygenation. The practitioner should be aware that hy-
perventilation decreases carbon dioxide saturation and thereby diminishes the
drive to breathe postictally, particularly for patients with chronic obstructive
pulmonary disease. The use of noninvasive oximetry to monitor arterial oxy-

gen saturation is now a standard practice that enhances the safety of ECT.

Postictal Sedatives

An estimated 10% of ECT patients develop an acute confusional state, ob-
served as the anesthetic wears off. This state is self-limited and is marked by ag-

itation, disorientation, repetitive stereotyped movements, and failure to
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respond to commands. Benzodiazepines may be used intravenously to termi-
nate the symptoms; in recurrent cases, they may be used for prophylaxis. Most
practitioners administer the benzodiazepine after the patient begins breathing
but before the patient has regained full consciousness. Midazolam (Versed) and
lorazepam (Ativan) are the two agents most commonly used, and diazepam
(Valium) less frequently. Because midazolam (0.5-2.0 mg iv) may be the
shorter-acting of the two, it is most commonly used.

An alternative to benzodiazepines in the management and prevention of
postictal delirium is haloperidol (Haldol), which, when administered intrave-
nously (as opposed to any other route), offers a prompt, brief sedation with
little or no extrapyramidal effects. An initial dose of 2-5 mg iv may be admin-
istered, followed by repeated doses at 2- to 3-minute intervals until the desired
effect is obtained. Because the duration of effect is very brief, repeat administra-
tion may sometimes be necessary.

In rare cases, the duration of action of the muscle relaxant significantly
exceeds that of the anesthetic agent, in which case the patient begins awaken-
ing while still paralyzed. In the absence of movement, this phenomenon is
heralded by hemodynamic signs of sympathetic arousal (i.e., tachycardia and
hypertension). In such situations, an anesthetic state should be rapidly reat-
tained, either via a repeat administration of the anesthetic agent used pre-
ictally or by giving a benzodiazepine as described above. Use of the cuff
technique decreases the likelihood of this phenomenon (see Chapter 7).

Benzodiazepine Antagonists

An attempt should be made to decrease or discontinue oral benzodiazepines
before ECT to avoid their anticonvulsant effect on the induced seizures (see
Chapter 3, “Patient Referral and Evaluation”). However, in many patients, an
urgent need for ECT, the presence of intense anxiety levels, or a concern
about provoking withdrawal symptoms may preclude such a decrease or dis-
continuation. In others, substantial benzodiazepine blood levels may persist
for days or even weeks following the last dose. Some practitioners use the ben-
zodiazepine antagonist flumazenil (Romazicon) to reverse the action of these
agents at the time of ECT (Krystal et al. 1998). An intravenous bolus (0.5 mg)
is administered immediately after anesthesia induction but prior to adminis-
tration of the muscle relaxant. In addition, because flumazenil’s duration of
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action can be an hour or more, a prudent action may be to treat patients who
are still on relatively high doses of oral benzodiazepines with postictally ad-
ministered intravenous benzodiazepine (e.g., midazolam 1-2 mg).

The availability of flumazenil has prompted some practitioners to con-
sider the use of benzodiazepines for the acute management of high levels of
anxiety before ECT on the treatment day itself (Bailine et al. 1994). This
practice, however, should be reserved for extreme cases only.
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Ictal Motor Response

Andrew D. Krystal, M.D., M.S.

The purpose of the electrical stimulus in ECT is to induce a generalized
grand mal type of seizure. The seizure produced is not an all-or-nothing phe-
nomenon. As mentioned in Chapter 5, “Clinical Applications,” and Chapter
6, “Anesthetics and Other Medications,” various factors can influence seizure
threshold, the physiological effects of the seizure, the associated cognitive side
effects, and the seizure’s therapeutic efficacy. The physician administering ECT
must be able to determine whether a seizure has been elicited, assess the ther-
apeutic adequacy of the induced seizure, determine the duration of the seizure,
and respond appropriately when seizures are missed, inadequate, or prolonged.

Various types of data have to be monitored simultaneously during an ECT
treatment. These include the patient’s motor response, blood pressure, pulse
rate, electroencephalographic (EEG) and (in some cases) electromyographic
(EMG) data, and oxygen saturation. Adequately monitoring all of these things
can be overwhelming to the novice. However, understanding the basic princi-
ples involved and the range of anticipated findings makes this situation con-
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siderably less difficult. In the next three chapters, we review the principles un-
derlying the various modalities monitored during ECT and discuss how to
interpret the clinical implications of the findings. This chapter focuses on mon-
itoring the patient’s motor activity. Ictal EEG activity is the subject of Chapter
8, “Ictal Electroencephalographic Response,” and the cardiovascular response to
ECT is discussed in Chapter 9, “Cardiovascular Response.”

Motor Seizure Monitoring

Generalized grand mal types of seizures can be monitored both by observing
the ictal motor response (convulsion) and by monitoring ictal EEG activity
(the electrophysiological activity of the brain occurring during the seizure).
Ictal EEG monitoring has been recommended for routine use for several rea-
sons: 1) it reflects the action of the organ that is actually generating the seizure
(i.e., the brain); 2) EEG seizure activity is typically 10-20 seconds longer (and
occasionally much longer) than motor activity; 3) the motor response may not
always be observable, or in some cases no motor response may occur during
the seizure; and 4) prolonged seizures may be detectable only by EEG (American
Psychiatric Association 2001; Weiner et al. 1991).

Monitoring motor activity is useful as well, however, because EEG mon-
itoring may sometimes be unreliable, particularly in the presence of artifact.
Evidence of seizure may be observed in the motor response before it is appar-
ent in the EEG.

Ictal Motor Response

During the electrical stimulus itself, many muscle groups may contract, caus-
ing extension of the neck, flexion of the ankle, and clenching of the jaw. This
response is not ictal but is due to the direct electrical effects of the stimulation.
It can readily be distinguished from the seizure, because these contractions
immediately disappear upon termination of the electrical stimulus and can-
not be blocked with the use of a muscle relaxant, such as succinylcholine.

A gradual, sustained tonic contraction represents the first phase of the
ictal motor response, and it usually occurs either immediately or within a
few seconds after termination of the stimulus. Barely suprathreshold seizures
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may be associated with a delay of motor response of up to 10 seconds. Over-
all, the tonic phase of the ictal motor response may last from a few seconds
to tens of seconds. Gradually, it evolves into the clonic phase, a period of
rthythmic alterations in flexion and extension that decrease in frequency over
time, then abruptly terminate. The clonic phase typically lasts longer than the
tonic phase.

Factors Influencing the Motor Response

The intensity of convulsive motor activity is influenced by two factors: the
dose of muscle relaxant (generally succinylcholine) and, to a lesser degree, the
intensity of the electrical stimulus (Weiner et al. 1991). The dose of succinyl-
choline determines the level of muscular relaxation. A dose of 0.5-0.75 mg/kg
often provides incomplete relaxation; thus, convulsive movements may be
prominent. A routine dose of 1.0 mg/kg usually causes complete or nearly
complete relaxation of the muscles, resulting in mild, or even absent, convul-
sive activity. Occasionally, larger doses may be needed, particularly in patients
with orthopedic problems or in patients who have received premedication
with nondepolarizing muscle relaxants (see Chapter 3, “Patient Referral and
Evaluation,” and Chapter 6, “Anesthetics and Other Medications”).

Because muscle relaxants may block observable convulsive activity, the cli-
nician may have difficulty determining whether an ictal motor response has
started or when it is completed. Therefore, most physicians use a practice
known as the cuff technique to allow the motor convulsion to be monitored.
Just before the muscle relaxant is administered, a blood pressure cuff is placed
on a distal extremity (wrist or ankle) and inflated well above the systolic pres-
sure (about 200 mm Hg). This procedure prevents the flow of muscle relaxant
distal to the cuff and enables unblocked muscles to manifest convulsive activ-
ity. The ankle is generally preferable to the wrist because it is a more stable
joint and the cuff does not interfere with intravenous lines or blood pressure
monitoring. The cuff pressure should be released as soon as a seizure has oc-
curred to minimize the risks associated with a loss of vascular perfusion to the
region distal to the cuff. Special care should be taken in patients who have
1) major musculoskeletal disease distal to the cuff (e.g., severe osteoporosis),
2) severe vascular insufficiency (e.g., decreased perfusion due to diabetes), or
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3) sickle cell anemia and any other blood-clotting abnormalities that may pre-
cipitate local clotting. In severe examples of such conditions, the cuff tech-
nique should not be used.

Convulsive movements may also be present in areas other than the cuffed
extremity, and they may not always end simultaneously in all locations (Weiner
etal. 1991). Because of this variability, physicians sharing ECT administration
duties at the same facility should adopt a standard convention as to what con-
stitutes the end of the motor convulsion (American Psychiatric Association
2001). This convention may be based on 1) the cessation of movements in the
cuffed extremity or 2) the longest-lasting motor activity observed in either the
cuffed or the homologous extremity or anywhere in the body.

The second factor influencing the intensity of the ictal motor response is
the intensity of the electrical stimulation. As noted in Chapter 5, the ictal mo-
tor response to stimuli barely above threshold may sometimes be attenuated
or totally absent.

Electromyography

Another technique for monitoring ictal motor activity is to record the electrical
activity produced by the muscles themselves—that is, EMG activity (Weiner
et al. 1991). EMG activity provides a physiological index of motor activity
that may be more sensitive than that obtained by the cuff technique, although
EMG activity is also more likely to be affected by artifact. Although EMG
activity has not traditionally been recorded during ECT, both the MECTA
spECTrum 5000Q (http://www.mectacorp.com) and the Somatics Thyma-
tron System IV (http://www.thymatron.com) ECT machines can be used to
monitor EMG activity.

To record the EMG activity, a pair of recording electrodes, which can usu-
ally be the same as those used for EEG recording (see Chapter 8), are placed
on the skin overlying muscles in any of a variety of sites. For use with ECT,
however, they are typically located distal to the blood pressure cuff (on the
cuffed extremity) to ensure a good EMG signal. The two leads are typically
placed on the dorsum of the foot, approximately 3—4 inches apart (see Fig-
ure 7-1). In attaching the electrodes, attention must be given to good skin
contact to minimize artifact. For this reason, good practice involves lightly

abrading the underlying skin with a substance such as Omni Prep (D.O.
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Blood pressure

cuff

EMG recording
electrodes

Figure 7-1. Electromyographic (EMG) electrode placement.

Weaver and Company) and wiping the area dry before applying the elec-
trodes. Also, at least one of the recording electrodes should be placed directly
over muscle tissue, because otherwise no EMG activity can be recorded.

Figure 7-2 demonstrates examples of an EMG recording made during the
tonic (A) and clonic (B and C) portions of the seizure. The slow waves seen
in the last EMG recording (C) reflect the presence of foot movement during
the clonic phase. The Somatics Thymatron DGx device contains a feature
that automatically detects the motor seizure end point on the basis of the
EMG recording. An example of a typical EMG seizure end point is shown in
Figure 7-3. In this case, the Thymatron device correctly estimated the motor
end point at 45 seconds. Although EMG recording devices accurately show
the seizure end point the majority of the time, the presence of artifact some-
times creates inaccuracies (Krystal and Weiner 1995).
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Figure 7-2. Electromyographic (EMG) activity during the tonic (A) and
clonic (B and C) portions of the seizure.

EMG activity was recorded from two electrodes located on the dorsum of the cuffed

right foot.
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Figure 7-3. Accurate Thymatron automatic detection of seizure end point.

EMG-=electromyographic.
The dark line above the electroencephalographic (EEG) tracing denotes the device’s deter-
mination that EEG seizure activity persists beyond termination of motor seizure activity.
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Figure 7-4. Ictal motor activity recorded using the optical motion sensor

(OMS) technique.

(A) Seizure onset; (B) end of motor convulsion (arrow); and (C) end of electroenceph-
alographic (EEG) seizure (arrow).

Photoplethysmography

Yet another means of automatically monitoring the motor response is repre-
sented by the optical motion sensor feature, which is optional with the
MECTA spECTrum Q series devices (5000Q and 4000Q). A photoplethys-
mographic sensor is used to provide a signal reflecting the movements that oc-
cur during the clonic phase of the seizure. The sensor is strapped to a toe or



104 Clinical Manual of Electroconvulsive Therapy

finger distal to the blood pressure cuff used to prevent flow of succinylcholine
to the foot or hand (as described above with the cuff technique); movements
during the clonic phase are reflected as slow waves in the device’s display panel
and/or chart recorder output. When enough of a deflection is present, and ar-
tifacts are minimal, the termination of these slow waves provides an indica-
tion of when ictal motor activity has ceased (Figure 7-4B). In the absence of
artifact, no optical motion sensor activity is observed during either the tonic
portion of the seizure (Figure 7—4A) or the postictal phase (Figure 7-4C).
However, artifacts can occur; potentially the most troublesome is pulse arti-
fact, which can be minimized by keeping the cuff inflated until the ictal mo-
tor response is clearly over.
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Ictal Electroencephalographic
Response

Andrew D. Krystal, M.D., M.S.

Ictal Electroencephalographic Monitoring

When a seizure occurs during ECT, the activation of neurons produces a dis-
tinctive pattern of activity within the dendritic fields of large cortical pyrami-
dal cells. When this activity becomes synchronous across many adjacent
neurons, the resulting fluctuations in voltage can be detected at the scalp in
the form of a signal known as the electroencephalogram (Weiner et al. 1991).

Electroencephalographic (EEG) signals are often characterized by their am-
plitude and frequency. Amplitude is an indicator of the size of the signal as re-
flected in the peak fluctuations in electrical voltage. At rest, EEG amplitudes
range from 10 to 100 microvolts (LV). An example of typical EEG activity dur-
ing the waking state in an adult is shown in Figure 8-1. In that example, the elec-
troencephalogram has a maximum amplitude of around 50-60 UV. During a
grand mal seizure, when many neurons have synchronous depolarizations, EEG
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Figure 8-1. Waking electroencephalogram.

s=second.
Maximum peak-to-peak amplitude is 50-60 (V. Dominant frequency is 12 Hz.

amplitudes can increase to 1,000 LV or more. After the seizure has concluded, this
intense neuronal hyperactivity is followed by a profound inhibitory response, be-
cause of which postictal EEG amplitudes may decrease to as little as 1-10 uV.

EEG frequency refers to the number of cycles per second and is measured
in hertz (Hz). Traditionally, the electroencephalogram is divided into four fre-
quency bands: delta (04 Hz), theta (5-7 Hz), alpha (8-13 Hz), and beta (>13
Hz). EEG signals typically consist of the summation of many oscillating compo-
nents at different frequencies. The largest component is referred to as the domi-
nant frequency of the signal. The electroencephalogram in Figure 8-1 has a
dominant frequency of 12 Hz. As shown in Figure 8-2, frequency differs across
recording locations and states of consciousness. Low-voltage fast activity in the
beta range predominates frontally in the waking state (Figure 8-2A). A strong
alpha rhythm is typically seen posteriorly in the waking state, particularly when
the eyes are closed (Figure 8-2B). Although theta and delta band rhythms (often
called slowing) are usually abnormal in adults during the waking state, they nor-
mally occur during sleep, whether occurring naturally or induced by a general
anesthetic (Figure 8-2C). However, an additional feature with barbiturate-
induced sleep is fast activity in the beta range (Figure 8-2C).

Artifacts are aspects of the EEG signal that come from sources other than
the electrical activity of the brain. These signals interfere with the ability to
monitor brain electrical activity and most frequently derive from electrical
equipment in the treatment room, eye movements, other body movements,

muscle activity, and the heart (see Figure 8-9, later in chapter).
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Figure 8-2. Typical electroencephalographic activity during the waking
state (A, B) and during anesthesia (C).

Electroencephalograms A and C were recorded frontally; electroencephalogram B was
recorded occipitally. s=seconds.

Most U.S. ECT devices incorporate EEG monitoring capability with at least
two-channel paper-output capability. (An option with the MECTA spECTrum
Q series [hetp://www.mectacorp.com] and the Somatics Thymatron System IV
[htep://www.thymatron.com] devices allows up to four channels of EEG activ-
ity to be recorded.) Recording more channels decreases the likelihood that arti-
facts will make it impossible to monitor EEG activity in a given patient.
However, this benefit must be weighed against 1) the extra time and complexity
of recording more channels of data and 2) the fact that only in very rare in-
stances are more than two channels needed for effective EEG monitoring,

Thymatron ECT devices additionally include an audible EEG monitor,
which modulates an audible tone with the variation in ictal EEG activity and
gives the practitioner a nonvisual reflection of EEG seizure activity (Swartz
and Abrams 1986). The audible EEG monitor is generally used as a supplement
to, rather than a replacement of, the paper recording, because the paper pro-
vides a permanent record of ictal events; this record can be particularly impor-
tant in cases in which it is difficult to determine if a seizure has been elicited
or the seizure end point (discussed later in “Determination of Seizure End

Point”) is unclear.
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Figure 8-3. FElectroencephalogram (EEG) electrode placement.

EEG Electrode Placement

An EEG channel measures the difference in voltage over time (as variations
in amplitude) between two scalp EEG recording electrode sites. Because of
the desirability to know which cerebral hemisphere is generating the recorded
activity, both recording electrodes in a given pair should be placed over the
same cerebral hemisphere. When one- or two-channel EEG recording is used,
prefrontal and mastoid locations (Figure 8-3) are preferred, for several rea-
sons: 1) EEG amplitude during electrically induced seizures is often relatively
high in frontal areas; 2) the mastoid location (just behind the ear) is a rela-
tively inactive area electrophysiologically, thus making it a good reference for
contrasting with the more active prefrontal area; and 3) both prefrontal and
mastoid regions are relatively free of hair, making attachment of the electrodes
easy.

Recording a single channel from electrodes placed in the right and left
prefrontal areas is not recommended. Although convenient, this practice re-
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Figure 8-4. Electroencephalographic recording illustrating clipping of
waveforms after the gain was increased at the arrow notation.

sults in EEG data that are harder to read. The reason is that the high-amplitude
electrical activity that is often elicited with ECT seizures is manifested equally
in these two regions, and by taking the difference between them, this activity
is cancelled out and does not appear in the EEG signal.

Because the EEG signal is low in amplitude, contact between the elec-
trode and scalp needs to be optimized. First, excess skin oil and debris should
be removed from the recording electrode sites by mildly abrading the un-
derlying scalp area with a rough gauze wetted with a solvent with abrasive
properties (e.g., Omni Prep [D.O. Weaver and Company]). The solvent then
should be wiped off and the area dried. Second, the recording electrodes should
be well attached to the scalp. Self-adhesive pediatric electrocardiographic
(ECQG) recording pads are used by many practitioners.

Setting the Display and Printout Gain

The output gain is the ratio of the size of the signal displayed on a monitor
or paper printout to the size of the recorded EEG signal. All ECT devices pro-
vide the capacity to adjust the output gain. The gain for all outputs should be
set to make optimal use of the scale provided. If the gain is too low, the ca-
pacity to interpret the data is diminished. If the gain is too high, parts of the
signal extend beyond the range displayed, creating the appearance that the
tops of the waveforms are chopped off (see Figure 8—4). This so-called clip-
ping also decreases the ability to interpret the data. The gain setting can be
optimized through the following procedure:
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1. Turn the gain up to the maximum setting.

2. If clipping of the electroencephalogram is observed, make certain it is not
due to artifact (as discussed in “EEG Artifacts,” later in this chapter). If
not, turn the gain down a small amount.

3. Continue this process until the highest-amplitude nonartifact ictal
EEG data observed just touch the top of the display or printout without
clipping.

4. Use this same gain to monitor treatments for all subjects. (Marking the
device to indicate the optimal setting is recommended if other people
might change the setting.)

EEG interpretation is a pattern recognition skill, and altering the gain settings
changes the pattern and can impede the capacity to interpret the data.

Prestimulus Electroencephalogram

The immediate prestimulus electroencephalogram is generally noticeably dif-
ferent from the patient’s baseline waking electroencephalogram because of the
effects of the anesthetic administered. However, the effects of the anesthetic
on the electroencephalogram may be quite variable (see Figure 8—2C and Fig-
ure 8-11). The EEG effects depend on both the type of anesthetic used and
the blood level of the agent.

An extremely helpful practice is to note or play out onto paper a brief
period (at least 5-10 seconds) of immediate prestimulus EEG data (as close
to the time of the stimulus as possible). This pretreatment strip is necessary
to ensure that the EEG recording apparatus is functioning properly and that
the signal is of acceptable quality (relatively free of artifacts). If the pretreat-
ment electroencephalogram is not acceptable, steps should be taken to ad-
dress the problem, such as making sure that the cables are plugged in properly,
further cleaning of the scalp, or reattaching of the electrodes. The prestimulus
electroencephalogram can also be useful for determining whether or not a sei-
zure has been elicited, and occasionally it may help in determining the seizure
end point.

During the period of electrical stimulation, EEG activity is blocked be-
cause of interference by the stimulus current. ECT devices generally begin re-
cording only after the stimulus has been administered.
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Figure 8-5. Schematic of various phases of a typical ECT seizure.
Source.  Adapted from Weiner et al. 1991.

Ictal EEG Phases

Figure 8-5 illustrates typical ictal and postictal EEG phases that may be ob-
served during the ECT treatment. The appearance of the electroencephalo-
gram during ECT-induced seizures is quite variable. As shown in the figure, a
characteristic evolution of EEG activity often occurs over the course of seizures.
For the purposes of pedagogy, this continuous process has been broken down
into a series of discrete stages that are often, but not always, present in the ictal
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electroencephalogram. Commonly, identifying one or more of these stages in
the ictal electroencephalogram is impossible. The purpose of this section is to
review the possible variations in ictal EEG morphology in greater depth.

Preictal Activity

After the electrical stimulus, a brief preictal period of relative suppression of

EEG activity can occur, or low-amplitude fast activity can sometimes be seen.

Epileptic Recruiting Rhythm

The preictal activity may be followed by a brief period of very rhythmic activ-
ity of low to moderate amplitude in the alpha or beta range. This epileptic re-
cruiting rhythm is believed to be associated with the synchronizing effects of
thalamocortical projections during the early stages of seizure generalization.

Polyspike Activity

Often, the earliest phase of the seizure noted is that characterized by high-
frequency activity with interspersed lower-frequency waveforms. This poly-
spike activity phase is concurrent with the tonic and early clonic components
of the motor response and usually lasts approximately 10-15 seconds. It may
be masked by electromyographic (EMG) artifact.

Polyspike and Slow-Wave Complexes

During the clonic phase of the ictal motor response, the polyspike activity evolves
into repetitive polyspike and slow-wave complexes, which are synchronous
with the clonic movements. During the beginning of the clonic motor phase,
the frequency of these discharges is often 5 Hz or greater, although the fre-
quency diminishes to as low as 1 Hz as the clonic phase progresses.

Termination Phase

Perhaps better referred to as the transition phase, the termination phase is
marked by changes in EEG activity that accompany the transition from the
ictal to the postictal state. This process is extremely variable. On some elec-
troencephalograms, an abrupt transition occurs from classic polyspike and
slow-wave activity to postictal activity (see Figures 8—5 and 8—6). On other

electroencephalograms, one can see a continuous decrease in the frequency of
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Figure 8-6. Determination of electroencephalographic (EEG) seizure end
point.

s=second.

(A) Typical EEG seizure end point with abrupt end of seizure (at arrow), followed by
flat postictal baselines. (B) Same as A, except that the postictal activity is not flat (arrow
denotes seizure end point).

slow waves and/or slow-wave amplitude, multiple stepwise decreases in EEG
amplitude (see Figure 8-7), or even brief periods (rarely up to 5 seconds) of
apparent postictal suppression followed by resumption of ictal activity (see
Figure 8-8).

Postictal Phase

The postictal phase begins at the point of EEG seizure termination (see Figure
8-5). The electroencephalogram may appear flat or nearly so. However, sig-
nificantly higher amplitude may be seen if the degree of postictal suppression
is relatively lows this is most likely to occur when the stimulus intensity is rel-
atively close to the seizure threshold (Krystal and Weiner 1995; Krystal et al.
1993). In some cases, the degree of suppression is so minimal that the imme-
diate prestimulus EEG pattern will reemerge at the end of the seizure. It is im-
portant to note that when the electroencephalogram appears to be flat, there
is still ongoing EEG activity. The appearance of flatness is dependent on the
display gain setting. With optimal gain settings, vigorous seizures typically
lead to flat-appearing postictal EEG activity with the size of output displays
most often used. Typically, the postictal electroencephalogram rises in both
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Figure 8-7. Electroencephalographic seizure with stepwise termination
phase, eventually dissipating into a relatively flat postictal baseline.

The seizure end point is at arrow B rather than arrow A.

amplitude and frequency over a period of minutes following the end of the
seizure as it moves toward the preanesthetic baseline.

EEG Artifacts

To make the necessary clinical interpretations of EEG data (the deter-
mination of whether a seizure is present and, if so, where the seizure ends),
the physician needs to be able to differentiate between electrical activity de-
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Figure 8-8. Electroencephalographic seizure that appears to end (at ar-
row) but resumes 5 seconds later.

riving from the brain and artifacts. The main types of artifacts encountered
are muscle artifact, movement artifact, electrode contact artifact, and ECG
artifact (see Figure 8-9).

Muscle Artifact

Electromyography reflects electrical potentials generated by muscle tissue, which
typically appear as very-high-frequency (>30 Hz) components of the signal.
They make the signal look dark or spiky as in Figure 8-9A. As shown in this
figure, ictal muscle artifact can sometimes be so great as to obscure the ictal
EEG patterns. The clinician should keep in mind that this activity coincides
with motor activity during the seizure. In the tonic phase, ictal muscle artifact
is generated by continuous muscular contraction and has a constant appear-
ance in the signal. As the seizure evolves into the clonic phase, the EMG arti-
fact takes on the pseudoperiodic quality of the convulsive movements. The
EMG activity also disappears when the motor activity ceases. Although the mo-
tor seizure end point may sometimes be concurrent with the end of the EEG
seizure, it typically occurs earlier, with a median time difference of about 15
seconds between the two measures, although the EEG activity may at times per-
sist several minutes after the end of motor activity (Liston et al. 1988). The
motor end point is not generally associated with any specific EEG correlates.
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Figure 8-9. Artifacts observed in ictal electroencephalographic (EEG) re-
cording.

s=second.

(A) Continual electromyographic activity during the polyspike and slow-wave phase
of a seizure. (B) Movement artifact, beginning at the arrow. (C) Artifact from a loose
recording electrode on the left side (L). The end of the EEG seizure is shown by the
arrow on the intact right-side recording (R). (D) Electrocardiographic (ECG) artifact in
the EEG channel during the postictal state.
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Movement Artifact

Another type of commonly encountered EEG artifact is movement artifact.
This artifact is associated with deflections (gross shifts in the signal baseline) in
the electroencephalogram, which are usually (but not always) different in shape
from the ongoing activity just prior to the movement. An example of movement
artifact is shown in Figure 8-9B, beginning at the arrow; in this case, the artifact
was probably caused by manipulation of the head during assisted ventilation.

Electrode Contact Artifact

Occasionally, an EEG electrode may come loose during the recording, or an
electrode pad may be defective. In such cases, the resulting activity may be to-
tally artifactual. An example is shown in the top (L) portion of Figure 8-9C,
where artifactual activity on the left side persists past the end of the EEG sei-
zure recorded from the intact leads on the right side of the head, as indicated
by the arrow in the lower (R) portion of the figure. This example also demon-
strates why the redundancy offered by two-channel recording offers an advan-
tage over using a single EEG channel.

Electrocardiographic Artifact

An additional common type of artifact, particularly with a mastoid reference elec-
trode, relates to the electrocardiogram. The practitioner should take care to avoid
mistaking the usually rhythmic ECG or pulse artifact for continued seizure ac-
tivity. However, this is generally not a difficult distinction because the ECG sig-
nal is typically low in amplitude, and its identity can be verified by checking the
temporal relationship with the patient’s pulse or ECG monitor signal. The ECG
artifact is generally not apparent until the period of postictal flattening, when
EEG activity is relatively suppressed. An example of postictal ECG artifact is
shown in Figure 8-9D. One can see clear evidence of deflections in the EEG
channel that are time-locked to the QRS complex in the ECG channel.

Ictal EEG Interpretation

The physician should be able to assess the EEG recording to determine
whether a seizure has occurred and, if so, when it has ended. Several strategies
for making these determinations are discussed in the following sections.
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Determination of Seizure End Point

The seizure end point is defined as the point at which the last drop in ampli-

tude occurs in the EEG signal following the onset of the seizure. Unfortunately,

in practice, one cannot use this definition to determine the seizure end point

unequivocally. For one to identify the final drop in amplitude, the patient would

need to be monitored forever. Another challenge is that sometimes the seizure

ends so gradually that one cannot discern a discrete end point (Krystal and

Weiner 1995). However, by implementing a series of strategies, the clinician

generally can identify the seizure end point without significant difficulty.

“When in doubs, play it out.” Because of the possibility that further evolu-
tion of the EEG activity may occur, the clinician should continue to record
data if at all uncertain that the seizure has ended (see Figure 8-10).
Observe at least 10 seconds of data beyond the apparent end of the seizure.
This practice will lower the chances of selecting as the end point a decrease
in amplitude that is not the final one. It will also greatly decrease the like-
lihood that seizure activity will resume after what is believed to be the end
of the seizure. Resumption of seizure activity has been observed after periods
as long as 5 seconds of what appears to be definitive postictal activity (see
Figure 8-8, earlier in chapter).

Remember that the seizure is very likely to have ended if a period of > 5 seconds
of EEG data is observed in at least one channel where the amplitude remains
<80 uV. This rough rule of thumb is a corollary to the observation that the
longest period of apparent postictal activity after which resumption of sei-
zure activity has occurred is approximately 5 seconds. The 80-uV ampli-
tude threshold should be considered approximate; the clinician should
watch for a high degree of postictal suppression of EEG activity that creates
the appearance of a flat or nearly flat electroencephalogram when the gain
has been set as recommended in the section “Setting the Display and Print-
out Gain,” earlier in this chapter. This strategy is useful for differentiating
postictal EEG activity, during which there are intermittent slow-waves (a
relatively common pattern), from ongoing ictal EEG activity. This strategy
is also useful for identifying the end point when the electroencephalogram
shows a great degree of artifact, which is often intermittently present pos-
tictally, such as occurs due to efforts to ventilate the patient.
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Figure 8-10. Example of “when in doubt, play it out” strategy.

s=second.
(A) Ongoing seizure activity. (B) Significant drop in amplitude that was 7ot the end
of the seizure. (C) Actual seizure end point.

o Watch for the immediate prestimulus EEG pattern to return; the point at
which this occurs is the end point of the seizure.

o After identifying that the seizure has ended, work backward from the end of the
data toward the beginning to determine the end point. The clinician should
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record data until certain that the seizure is over and then identify the end
point as the first nonartifactual transition in the signal encountered when
reading the data from the end back toward the beginning of the recording.
This strategy is a standardized means of determining the end point when
a very gradual transition occurs from the ictal to postictal pattern, as shown
earlier in Figure 8-7.

o [f'the patient initiates spontaneous movement or efforts to breathe, consider
the seizure to be over.

o [fartifact may be hindering the capacity to determine the seizure end point,
consider asking that ventilation and other patient manipulations be suspended
Jfor 5—10 seconds. This strategy will either allow the seizure end point to be
determined or establish that such factors are not affecting signal quality.

Figures 8-5 and 8-6A illustrate cases in which well-defined ictal activity
undergoes an abrupt transition into a relatively flat postictal baseline. In con-
trast, in Figure 8-6B, a similarly apparent abrupt end point is followed by a
pattern of irregular slowing without flattening; this is an example of a situa-
tion in which the practitioner should continue to monitor the electroenceph-
alogram to see whether this activity disappears into a much flatter baseline.
Figures 8-7 and 8-10 provide examples in which playing out more data es-
tablished that a significant drop in amplitude was not the seizure end point
but part of the transition period and followed by a subsequent further de-

crease in signal amplitude.

Determination of Seizure Activity
As discussed in “Ictal EEG Phases” eatlier in this chapter, the EEG activity ob-

served when a seizure has been elicited tends to consist of a series of stages,
each of which comprises waveforms of characteristic appearance. In practice,
however, these features are not useful for determining whether a seizure has
occurred. One reason is that significant variability occurs in the degree to
which these stages and the associated waveforms are manifest during seizures.
Another confound is that the appearance of the immediate prestimulus elec-
troencephalogram may at times be indistinguishable from that of the charac-
teristic ictal waveforms (see Figure 8-11). The determination of whether a
seizure has been elicited is best made by looking for either of two types of pat-
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terns that are unique to seizure activity in this setting: 1) evolution in the dom-
inant frequency in the electroencephalogram or 2) the addition of spikes to
the prestimulus electroencephalogram, which then go away.

Evolution of the Dominant Frequency

Evolution from higher- to lower-frequency EEG activity is observed in all
ECT seizures except those elicited with stimulus charge that is close to the pa-
tient’s seizure threshold. Seizures of this type are illustrated in Figures 8-12
and 8-15A. Although the EEG signal generally comprises waveforms of mul-
tiple frequencies, the dominant frequency refers to the largest component pres-
ent in the EEG signal. Looking for the dominant frequency is more useful
than looking for characteristic waveforms when trying to distinguish EEG sei-
zure activity from the EEG activity induced by anesthesia where no seizure has
been elicited. This is because, although periods may occur during which the
frequency content in the anesthesia electroencephalogram evolves, generally
a sustained slowing of dominant frequency does not occur.

In some cases, all or nearly all of the evolution may take place in the first
5-10 seconds of the seizure, with sustained lower-frequency activity thereaf-
ter (see Figure 8—13). This pattern is helpful because it allows a rapid deter-
mination of whether there is a seizure; however, this is also the period of the
seizure during which artifacts due to manipulations of the patient (e.g., re-
moval of the mouth guard, initiation of ventilation) are most likely. As a re-
sult, optimal identification of seizure activity requires developing the skill of
identifying the slowing in the dominant frequency component of the electro-
encephalogram despite the presence of artifacts.

In Figure 8-14, very-low-amplitude but high-frequency activity can be
observed riding on top of the large waveforms generated by movement arti-
fact and gradually evolve into higher-amplitude, lower-frequency activity, in-
dicating the presence of a seizure in this patient. A “side-by-side” comparison
of the segment of the EEG strip recorded in the first 10-20 seconds and of
data from later in the recording may help in determining whether slowing in
the dominant frequency has occurred.

Addition of Spikes, Which Then Go Away

When the stimulus intensity is barely suprathreshold, slowing of the domi-
nant frequency in the electroencephalogram may not occur, may be extremely
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Figure 8-12. Electroencephalogram recorded during threshold seizure.

(A) The beginning of the seizure is marked by relatively low-amplitude spike activity.
(B) The spike activity ceases with the transition to the termination phase of the seizure.
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Figure 8-13. Typical seizure with right unilateral ECT (d’Elia position).

This electroencephalogram illustrates early evolution of the seizure with a long slow-
wave course. (A) Preictal activity. (B) Polyspike activity. (C) Polyspike and slow-wave
activity. (D) Termination phase. (E) Postictal phase.

subtle, or may be delayed. The hallmark of seizures of this type is the addition
of spikes to the EEG activity that was present immediately prior to the stimulus;
these spikes then go away either in the transition to the termination phase or
at the seizure end point. In this case, the most useful “side-by-side” compari-
son is between the EEG data recorded immediately prior to the stimulus and
the data in the first 10-20 seconds after the stimulus. This spike pattern is
easy to identify when the immediate prestimulus electroencephalogram is rel-
atively low in amplitude. However, when higher-amplitude activity is present
immediately prior to the stimulus, the addition of spikes may be more diffi-
cult to see, and a “side-by-side” comparison becomes a necessity. For seizures
of this type, skill in detecting the seizure from reading the electroencephalo-
gram is particularly important because the motor response is most likely to be
absent.
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Determination of Seizure Adequacy

Traditionally, achievement of an adequate seizure duration—for example, a 20-
second motor response and/or a 25-second EEG response—has been assumed
to be both necessary and sufficient to ensure therapeutic adequacy of ECT
treatment (Ottosson 1960). However, multiple studies have established that
right unilateral seizures that are marginally suprathreshold have poor thera-
peutic potency despite being of sufficient duration (Sackeim et al. 1987, 1993).
This finding has led investigators to look for other measures of seizure ade-
quacy, particularly those relating to the amplitude and shape of the ictal elec-
troencephalogram (Krystal and Weiner 1994; Weiner et al. 1991).

For example, the low amplitude and poorly defined regularity of a barely
suprathreshold seizure is depicted in Figure 8—12, which illustrates the ictal
EEG response to a marginally intense ECT stimulus. In Figure 8—15A, a portion
of a 35-second EEG seizure is shown. Because the patient’s ictal EEG response
was of much poorer quality than those responses obtained in previous treatments,
and because no motor response was evident, the patient was restimulated at a
higher intensity after a brief delay (see Chapter 11, “Managing the ECT Sei-
zure”). The onset of seizure activity appears in Figure 8—15B, which shows the
maximum EEG amplitude of the resulting 76-second seizure. (The motor con-
vulsive response in this case was 54 seconds.) Viewing the differences between
the two seizures, one can easily appreciate that both the amplitude and the reg-
ularity of the ictal EEG activity are substantially augmented by the more in-
tensely (and possibly more therapeutic) suprathreshold stimulus.

Because such EEG differences can be categorized by quantitative features
such as amplitude and frequency, the development of quantitative ictal EEG
measures to predict the adequacy, or therapeutic potency, of ECT seizures has
become of great contemporary interest (Krystal and Weiner 1994; Weiner et
al. 1991). As noted in Chapter 5, “Clinical Applications,” given that seizure
threshold rises over the ECT course in an unpredictable fashion, such mea-
sures could also be used to predict how close to seizure threshold a stimulus
was, thereby serving as an aid to future stimulus dosing (Krystal and Weiner
1995; Krystal et al. 1993). For example, barely suprathreshold (and presum-
ably less effective) seizures tend to be lower in ictal amplitude, higher in post-
ictal amplitude (less postictal suppression), and slower to develop patterns of
ictal slowing (Krystal and Weiner 1995).
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Figure 8-15. Two seizures of markedly different amplitude and frequency
in the same patient.

(A) Barely suprathreshold seizure showing poorly defined ictal activity. (B) A second

seizure in the same patient, who was restimulated after a brief delay.
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Cardiovascular Response

Andrew D. Krystal, M.D., M.S.

In addition to the cerebral electrophysiological changes produced by ECT,
transient cardiovascular alterations also take place. This chapter focuses on the
equipment generally used to monitor these changes and the physiological prin-
ciples involved in these cardiovascular responses to ECT.

Monitoring Equipment

In ECT treatment and recovery settings, a variety of equipment is used to
monitor the cardiovascular response of the patient before, during, and after
the induced seizure (American Psychiatric Association 2001; Gaines and Rees
1992). Cardiac monitors used in such settings typically measure the patients
blood pressure, heart rate, and the heart’s electrical activity; however, some
older models may monitor only the heart’s electrical activity and pulse, re-
quiring the blood pressure to be taken manually. Many newer monitors can
be programmed to check the blood pressure regularly or to sound an alert au-
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Figure 9-1. ECT effects on heart rate (A) and systolic blood pressure (B).

tomatically if an abnormal beat or rhythm occurs. A pulse oximeter is used to
assess continuously the oxygen saturation of the patient’s blood. Oxygen lev-
els between 95% and 100% indicate adequate oxygenation. This information
is gathered with a lighted clip, generally attached to the patient’s finger.
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Acute Cardiovascular Response to ECT

Figure 9-1 schematically depicts the typical effects of ECT on heart rate and
systolic blood pressure (Perrin 1961). Before anesthesia induction, both measures
are often elevated because of the patient’s anxiety. As the anesthetic agent takes
effect, heart rate and blood pressure generally decrease, although the muscle
relaxant succinylcholine may at least partially reverse this effect.

The ECT stimulus and the induced seizure both exert cardiovascular ef-
fects, primarily through the direct neuronal transmission from the hypothal-
amus to the heart via parasympathetic tracts (the vagus nerve) and sympathetic
tracts (primarily in the spinal cord). The activation of the parasympathetic
system causes a decrease in blood pressure and heart rate. The activation of
the sympathetic system produces opposite effects: blood pressure, venous
pressure, and heart rate increase, resulting in an overall acceleration of cardiac
output.

The cardiovascular response pattern can best be described as a four-stage
process, involving shifts from parasympathetic to sympathetic to parasympa-
thetic to sympathetic phases (see Figure 9-1). Just after the electrical stimulus,
the initial parasympathetic activation occurs, as a result of the direct stimula-
tion of certain brain stem nuclei. This activation results in a drop in blood
pressure and a transient sinus bradycardia or sinus asystole, which often lasts
several seconds. Occasionally, sinus pauses have been observed to last 10 seconds
or more. Figure 9-2A shows a sinus asystole of 6 seconds. At the patient’s next
treatment (Figure 9-2B), asystole was avoided by increasing the dose of the
anticholinergic agent.

The initial parasympathetic response is immediately followed by a sym-
pathetic discharge, in which blood pressure and heart rate rise dramatically.
This sympathetic surge is usually absent in the case of a missed seizure, leaving
the parasympathetic effects unopposed. The ictal tachycardia continues until
the end of the clonic phase, when the parasympathetic system is reactivated.
The reactivation is often accompanied by an abrupt drop in the cardiac rate,
which may sometimes present as bradycardia, as seen in Figure 9-3. These
events are then followed by a second phase of sympathetic hyperactivity upon
awakening. Both the final parasympathetic and final sympathetic phases are
usually less prominent than their initial counterparts, although the presence
of a postictal agitation potentiates the last sympathetic discharge. Eventually,
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Figure 9-2. Sinus asystole and response to anticholinergic pretreatment.

A shows a sinus asystole of 6 seconds. At the patient’s next treatment (B), asystole was
avoided by increasing the dose of the anticholinergic agent.
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Figure 9-3. Bradycardia during parasympathetic reactivation.

The upper portion shows ictal tachycardia (about 120/second) followed by postictal
bradycardia (about 38/second). The arrow denotes the end of motor convulsion.

as the patient becomes fully alert, blood pressure and heart rate should return
to their baseline levels. The effects of a sympatholytic agent or other drug
with similar properties given at the time of ECT may persist, however.
During the seizure, the electrocardiogram may demonstrate peaked T waves
(Khoury and Benedetti 1989). This is a benign phenomenon due to the electrical
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Figure 9-4. Peaked T waves.
(A) Prestimulus (baseline); (B) early ictal; (C) early postictal.

stimulation of brain stem centers important to cardiac polarization. T wave am-
plitude typically normalizes soon after completion of the seizure (see Figure 9—4).

In patients with functioning indwelling pacemakers and defibrillators, ECT
is quite safe electrically (Alexopoulos 1980; Pinski and Trohman 1995), with the
exception of transcutaneous devices or internal wiring that has been disrupted. (In
the latter case, the pacemaker would be inoperative.) For that matter, the protec-
tive effects of these devices on cardiac rhythm are such that the patent is actually
safer receiving ECT with them than without them. Still, the autonomic changes
that take place during a seizure may result in a phasic activation and/or deactiva-
tion of some older demand pacemakers (see Figure 9-5). For this reason, it is gen-
erally prudent to convert such devices temporarily to a fixed mode before each
anesthesia induction; this can be done by placing a magnet on the skin overlying
the pacemaker. However, this procedure may not be necessary with more modern
pacemakers (this should be determined by a cardiology consultation; see Chap-
ter 3, “Patient Referral and Evaluation”). A similar procedure is used in patients
with some implanted defibrillators to ensure that these autonomic surges do not
inadvertently trigger activation of the device; again, however, some of the more
recent devices may not require this action.
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Figure 9-5. Intermittent activation of demand pacemaker.

Signal artifacts, which were noted in Chapter 8 to be a problem with ictal
electroencephalographic recordings, may also present difficulties with electro-
cardiogram interpretation, as seen in Figure 9-6. Figure 9-6A shows a case in
which movement artifact renders the determination of cardiac rhythm diffi-
cult. A more extreme example is depicted in Figure 9-6B, where there is prob-
ably poor electrocardiographic (ECG) electrode contact with the skin. Rarely,
the ECG signal may be completely blocked, as can be seen in Figure 9-6C. For
obvious reasons, it is important to discriminate readily between this type of
artifact and a true cardiac arrest; this can be done by feeling for the pulse or

by auscultating the heart.
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Figure 9-6. Electrocardiographic (ECG) artifact. recorded with ECT.

(A) Baseline sway; (B) Gross movement artifact (dots indicate locations of QRS com-

plex); (C) total loss of ECG signal.
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Adverse Effects

Mehul V. Mankad, M.D.
Richard D. Weiner, M.D., Ph.D.

As with any acute medical intervention, ECT procedures carry some risk.
These risks are associated with the induction of general anesthesia, the seizure
and convulsion, the interaction between concomitant medications and ECT,
and other aspects of the ECT procedure. The most common side effects involve
cognitive changes, transient cardiovascular alterations, and general somatic
complaints. Proper diagnosis, pre-ECT evaluation, and the use of modified
ECT techniques have significantly decreased the incidence and severity of
adverse effects. As part of the decision to refer a patient for ECT, the clinician
must consider each case on its own merits, weighing both risks and benefits.
Such risk-benefit considerations are discussed further in Chapter 11, “Managing
the ECT Seizure”; Chapter 12, “Index ECT”; and Chapter 13, “Maintenance
ECT”
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Table 10-1. Medical conditions associated with increased risk
from ECT

Space-occupying intracerebral lesion (tumor, hematoma, etc.)
Other condition causing increased intracranial pressure
Recent myocardial infarction

Recent intracerebral hemorrhage

Unstable vascular aneurysm or malformation
Pheochromocytoma

High anesthesia risk (American Society of Anesthesiologists [ASA] class 4 or 5)

Source.  American Psychiatric Association 2001.

Contraindications

According to the American Psychiatric Association (2001), ECT has no ab-
solute contraindications. However, some conditions pose a relatively high
risk. As summarized in Table 10-1, these include space-occupying intracere-
bral lesions (except small, slow-growing tumors without edema or other mass
effect), other conditions causing increased intracranial pressure, recent myo-
cardial infarction with substantially compromised cardiac function, recent in-
tracerebral hemorrhage, unstable vascular aneurysms or malformations, and
pheochromocytoma (American Psychiatric Association 2001). If treatment
with ECT becomes necessary on a lifesaving basis for a patient with one of
these conditions, antecedent risks can generally be minimized to some extent
pharmacologically (Weiner and Coffey 1993).

Mortality Rate

Despite what can be perceived as the invasive nature of ECT, the overall mor-
tality rate from ECT in a general population of patients is extremely low, es-
timated at 2—10 per 100,000 patients (0.0001%) (Shiwach et al. 2001). This
is roughly the same ratio as for the induction of brief general anesthesia it-
self. Nuttall et al. (2004) found no ECT-related deaths in a 13-year sample
of 17,394 treatments. Some data suggest that patients who receive ECT have
a lower mortality rate due to nonpsychiatric causes of death than do patients
with psychiatric illness who do not receive ECT (Munk-Olsen et al. 2007).
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However, significant risk factors (e.g., severe coronary artery disease, unstable
vascular anomalies, greatly compromised respiratory function, overall high
anesthetic risk) clearly increase the risk of death with ECT. This relation-
ship should be kept in mind, not only in regard to estimation of risk levels,
but also in terms of informed consent (see Chapter 3, “Patient Referral and
Evaluation”).

Cognitive Changes

Cognitive changes are often the most notable and most distressing side effects
of ECT. The clinician should keep in mind a couple of facts about cognitive
changes: First, depressive episodes themselves are often accompanied by pro-
found cognitive changes, which are sometimes severe enough to present as de-
mentia (pseudodementia). In such cases, a successful response to ECT may
actually be associated with at least a subjective improvement in cognitive sta-
tus. Second, cognitive change is not equivalent to structural brain damage.
Extensive research has found no relationship between ECT and brain damage
(Agelink et al. 2001; Scalia et al. 2007; Zachrisson et al. 2000). Some animal
models and in vitro studies indicate that ECT may actually increase neuronal
sprouting and synaptic strength rather than lead to cellular toxicity (Duman
and Vaidya 1998). Interestingly, these changes are in the opposite direction to
those reported to occur in the context of animal models of depressive illness.

Three types of cognitive impairment, discussed below, may be observed
with ECT: postictal disorientation, interictal confusion, and amnesia (antero-
grade and retrograde memory disturbances).

Postictal Disorientation

Because ECT induces seizure activity, all patients experience some transient
postictal disorientation, lasting from a few minutes to a few hours, following
awakening from the ECT treatment. Having received general anesthesia likely
contributes to this disorientation. A variety of factors can affect the severity of
ECT-related cognitive dysfunction (see Table 10-2), including the postictal
confusional state.

Most patients do not experience the postictal cognitive changes following

a seizure as a significant disturbance and, in fact, are often amnestic for the im-
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Table 10-2. Factors that may increase cognitive side effects

Factor Effect

Stimulus waveform Sine wave>brief pulse
Stimulus intensity High>low

Electrode placement Bilateral>unilateral
Number of treatments Many>few
Frequency of treatments Frequent>infrequent
Patient age Older>younger
Preexisting cognitive deficiencies Present>absent

mediate postictal time period. Typically, treatment involves providing reassur-
ance and support and helping the patient avoid cognitive demands during the
acute postictal period, although postictal sedation with a short-acting benzo-
diazepine (e.g., midazolam) or intravenous haloperidol may sometimes be nec-
essary if the patient becomes agitated.

Interictal Confusion

Occasionally, postictal confusion may not fully disappear and, when severe,
may develop into an interictal confusional state or delirium. This phenome-
non, which is uncommon, is affected by the same factors as postictal disori-
entation (see Table 10-2). When present, interictal confusion is cumulative over
the ECT course, but it rapidly disappears over a period of days following the
conclusion of treatments.

The sudden onset of an interictal confusional state, particularly within hours
or even days after the most recent ECT treatment, is a cause for concern and
must be quickly assessed. A variety of factors may be involved, including
recent medication changes (e.g., withdrawal effects), substance abuse or with-
drawal, acute exposure to toxic substances (accidental or purposeful), non-
convulsive status epilepticus, or acute dissociative state. If nonconvulsive
status is considered an emergency, an electroencephalogram should be
ordered.

Memory Impairment

Amnesia often occurs with ECT and varies considerably in both severity and
persistence, particularly with respect to the patient’s self-perception of mem-



Adverse Effects 143

ory function (Dukakis and Tye 2006; Vamos 2008). Memory disturbances
consist of both retrograde amnesia (difficulty in recalling information learned
before the ECT course) and anterograde amnesia (difficulty in retaining newly
learned information) (Fraser et al 2008; Ingram et al. 2008). The same factors
that affect the extent of postictal confusion (see Table 10-2) also affect the
likelihood, severity, and persistence of memory deficits. Indeed, the duration
of postictal disorientation is highly correlated with the extent and persistence
of retrograde amnesia following ECT. Retrograde amnesia is most severe for
events occurring closer in time to the ECT. Less commonly, material from
more remote periods may be affected, particularly when large numbers of bi-
lateral ECT treatments have been administered.

Objective memory testing measures indicate that anterograde amnesia typ-
ically disappears over a period of days to weeks after completion of the ECT
course. Other such studies report that retrograde amnesia also significantly
improves, but sometimes over a longer time period. Retrograde amnesia may
not completely resolve, however, especially recall of the time period covering
the ECT course and, to a lesser degree, the weeks and months before the ECT.
Furthermore, retrograde amnesia with ECT has been described as “spotty” in
temporal distribution and similar to that observed with other types of biolog-
ically mediated retrograde amnesia. In some cases, the memory traces are not
truly “lost,” but rather are more difficult to access from storage.

Irrespective of studies based on objective testing results, some individuals
who have received ECT report that their ability to remember old, or even
new, material never returns to “normal” following ECT (Dukakis and Tye
20006; Feliu et al. 2008; Vamos 2008). The etiology of this phenomenon is
unclear, and objective memory testing does not generally provide corrobora-
tion. This subjective sense of decreased memory capability has been postu-
lated to be due to any of several factors:

* A sensitization to normal forgetting following the transient organic am-
nesia that often accompanies the ECT treatment course

e Residual and/or recurrent symptoms related to the condition for which
ECT was used

¢ Concurrent medication use or substance abuse

e Comorbid brain disease

* A conversion type of syndrome
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e Dsychological reinforcement of transient organic losses (secondary gain)
* An idiosyncratic neurobiological effect

Interestingly, self-ratings of memory change shortly following ECT appear to
be more highly correlated with therapeutic outcome than with the results of
objective memory testing. This is not unexpected, given the fact that upon
recovery from an acute depressive episode, almost everything seems better.

Differences of opinion exist regarding the utility of routine memory test-
ing before, shortly after, and months after receiving an index ECT course
(American Psychiatric Association 2001; Porter et al. 2008). Certainly, routine
“bedside” assessment of cognitive function is part of the mental status exam
done during the pre-ECT evaluation. Theoretically, it would be good to be
able to have an objective measure of baseline memory function prior to ECT
and also to be able to determine whether and to what degree amnesia is pres-
ent following ECT and whether persistent memory problems are reported.
Indeed, some ECT programs do use formal testing, at least for anterograde
amnesia (for which numerous standardized instruments exist—primarily
based on the patient’s ability to retain newly learned information over a pe-
riod of distraction). However, in practice, such testing of ECT patients is
problematic for a variety of reasons:

*  Cognitive testing of severely depressed patient is sometimes invalid.
*  Testing may be time consuming and difficult to schedule for a patient be-
ing worked up for ECT.

e Third-party carriers may not be willing to pay for routine testing.

If routine testing is desired, including some sort of global self-rating instru-
ment would be useful because patients’ complaints of memory dysfunction
following ECT are related more to self-perception than to scores on a test
battery.

The physiological mechanisms underlying ECT-related amnesia are un-
clear, although recent imaging studies suggest that both mesial temporal and
frontal structures may be involved (Nobler and Sackeim 2008). A large num-
ber of pharmacological agents have been investigated as means to diminish
the cognitive deficits associated with electrically induced seizures, but so far

none has proved successful on a consistent basis (Pigot et al. 2008). However,
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abundant evidence indicates that modification of technical factors related to
the ECT can significantly diminish the severity and/or persistence of ECT-
related amnesia (Prudic 2008). These efforts include the following:

*  Switching from bitemporal to unilateral nondominant stimulus electrode
placement

*  Switching from brief pulse to ultra-brief pulse stimuli

e Decreasing stimulus intensity (as long as intensity remains sufficiently
over seizure threshold)

*  Decreasing the frequency of index ECT treatments to two or even one per
week

*  Ensuring that the number of ECT treatments in the index course is not
greater than that required to produce a therapeutic plateau

* Discontinuing or decreasing dosage of any standing medications that may
themselves have an adverse impact on memory function

Cardiovascular Complications

Cardiovascular complications are the main cause of mortality and serious mor-
bidity with ECT, although most such complications are minor (Weiner and Cof-
fey 1993; Zielinski et al. 1996). During the seizure and acute postictal period,
both the sympathetic and parasympathetic autonomic systems are sequentially
stimulated (see Chapter 9, “Cardiovascular Response”). Activation of the sym-
pathetic system increases heart rate, blood pressure, and myocardial oxygen
consumption, placing an increased demand on the cardiovascular system. In-
deed, ECT itself has been shown to induce peak heart rates in the range of
160-180 beats per minute, effectively replicating a pharmacologically induced
cardiac stress test (Swartz and Shen 2007). Activation of the parasympathetic
system causes a transient reduction in cardiac rate.

These changes in heart rate and cardiac output challenge the cardiovascu-
lar system, occasionally giving rise to transient arrthythmias and, in suscep-
tible individuals, transient ischemic changes. During the sympathetically
mediated tachycardia, ventricular arrhythmias may arise, particularly in those
patients with preexisting cardiac ischemia. Substantial transient hypertension
also occurs during the sympathetic discharge (frequently with systolic increase
of 50 mm Hg or more) and may further raise the risk of ischemia in patients
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who have preexisting hypertension or whose ability to maintain a markedly
increased cardiac output is diminished. Interestingly, however, the risk of a
hypertensive intracerebral bleed during ECT is quite low. The risk of embolic
stroke after ECT is also extremely rare (Lee 2006). During parasympathetic
stimulation, cardiac arrthythmias, such as bradycardia, premature ventricular
contractions, or sinus arrest, may be seen. In most patients, these arrhythmias
are transient and occur without substantial sequelae.

The risks of cardiac arrhythmias, ischemia, and hypertension are greatly
diminished by the use of oxygenation before and during the seizure, and these
risks can be lowered further in susceptible patients by pretreatment with ap-
propriate medications (see Chapter 6, “Anesthetics and Other Medications”).
For example, administration of anticholinergic medications before the ECT
treatment will lower the occurrence and severity of parasympathetically induced
arrhythmias. Similarly, pretreatment with beta-blockers or a variety of other
agents can diminish sympathetically mediated arrhythmias and hypertension,
whereas antianginal medications exert a protective effect in those at risk for
ischemic changes.

Other factors that have potential cardiotoxic effects during ECT include
anoxia (which can be prevented by adequate ventilation and muscular relax-
ation), the rapid increase in serum potassium induced by the action of succi-
nylcholine (highest in patients with widespread muscular rigidity or damage),

and rare idiosyncratic reactions to generalized anesthesia.

Other Adverse Effects

General somatic complaints (e.g., headaches, nausea, muscle soreness) are usu-
ally minor but are frequent side effects of ECT. Headaches, generalized mus-
cle soreness, and jaw pain are the most common side effects, usually lasting
up to several hours, but occasionally longer. Headaches with ECT are believed
to be usually related to the superficial vasodilation associated with the direct
electrical effects of the stimulus and are most common with the initial treat-
ment in a series. In patients who routinely have post-ECT headaches, analgesics
may be given prophylactically before (if oral) or at the time of (if intravenous)
ECT. Generalized muscle pain is usually caused by fasciculations associated
with the depolarizing action of the muscle relaxant succinylcholine that is rou-
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tinely used with ECT. Again, prophylaxis with analgesics is the most common
management tool.

During the electrical stimulus in ECT, clenching of the jaw may occur as
a result of direct stimulation of the masseter muscles. Because of the muscular
contractions, dental appliances (e.g., dentures) should be removed before
treatment (McCall et al. 1992). A soft bite block or other such device is used
to prevent injury to the tongue or teeth, but dental problems or damage to
soft oral tissues may occur in patients with loose or jagged teeth. Modification
of this procedure or removal of such teeth will help prevent such problems.

A small percentage of depressed patients with bipolar disorder can switch
into a manic or mixed state when treated with ECT, just as can occur with
antidepressant medications. This switch may be managed by either continu-
ing the ECT course or stopping ECT and administering an antimanic agent.
The action taken usually depends on whether overt mania is present, in which

case it is preferable (though also counterintuitive to some degree) to continue

the ECT.
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Managing the ECT Seizure

Andrew D. Krystal, M.D., M.S.

Ensuring an adequate seizure is an essential component of the ECT procedure.

The practitioner’s response to missed and other inadequate seizures must be
both rapid and effective to ensure that an adequate seizure is eventually ob-
tained. Various seizure augmentation strategies are often useful in this regard.
Similarly, the practitioner must be aware of the need to manage prolonged
seizures, which can be associated with adverse sequelae. These are the topics
covered in this chapter.

Missed Seizures

Missed seizures are detected when no motor and ictal evidence of seizure ac-
tivity is seen following the electrical stimulus (Weiner et al. 1991). Although
some muscular contraction usually occurs during the period of electrical
stimulation, this should not be mistaken for seizure activity, nor should the
physician mistake movement artifacts or anesthesia-related activity on the
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electroencephalographic (EEG) tracing as evidence of seizure activity (see
Figures 8-9B and 8-14 in Chapter 8, “Ictal Electroencephalographic
Response”). Finally, because the onset of seizure activity may be delayed (par-
ticularly when the stimulus is close to seizure threshold), the practitioner
should wait 10-15 seconds following the stimulus before concluding that a
missed seizure has occurred.

Factors that can play a role in the occurrence of missed or inadequate sei-
zures include insufficient stimulus intensity (including premature termina-
tion of the stimulus by releasing pressure from the stimulus button of the
ECT device); poor stimulus electrode contact with the skin; a patient’s high
intrinsic seizure threshold; hypercarbia (i.e., increased carbon dioxide levels,
usually due to hypoventilation); a rise in seizure threshold, which often occurs
over the ECT treatment course (Krystal et al. 1998, 2000); and a patient’s tak-
ing medications with anticonvulsant properties (including the barbiturate anes-
thetic used with ECT).

After a missed seizure has been diagnosed, the physician should first attempt
to ascertain the etiology of the problem. If the cause of the missed seizure
was the premature termination of the stimulus, the patient should be restim-
ulated at the original stimulus dosage. If poor stimulus electrode contact with
the skin was believed to be the cause (e.g., excessively high dynamic imped-
ance), then better contact should be attempted and the patient restimulated
at the same stimulus intensity. If a malfunction in the ECT device is suspected,
no further stimulation should be carried out until the problem is corrected.
For other causes, the patient should be restimulated at a higher stimulus
dosage.

When a missed seizure occurs, the patient should be restimulated within
20-30 seconds, using a 25%—125% increase in stimulus intensity (American
Psychiatric Association 2001). Given that patients receiving ECT generally
have a relatively urgent need for a therapeutic response, the practitioner
should ensure that an adequate seizure is eventually obtained, if at all possible.

If a restimulation is required, the physician must make certain that the pa-
tient remains adequately anesthetized, that the patient’s muscles remain re-
laxed, and that the staff member in contact with the patient’s head is ready.
Signs that the patient is regaining consciousness include purposeful move-
ments or a sudden increase in heart rate before the stimulation. Asking the
patient to move his or her cuffed foot may help in determining if the patient
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is waking up. In such cases, the physician should immediately administer an ad-
ditional modest dose of the anesthetic agent (e.g., methohexital 10-30 mg iv).
Proper relaxation can be reassessed by examining the deep tendon reflexes or
the withdrawal reflex. In this regard, the resumption of spontaneous breath-
ing is a sign that relaxation is suboptimal, so an additional small dose of re-
laxant agent should be administered.

After successfully eliciting a seizure, the physician should review possible
causes of the missed seizure. Particular attention should be paid to any rele-
vant changes in the patient’s pharmacological regimen and also to a reevalua-
tion of the dosage of anesthetic agent. If the source of the missed seizure is not
identified, the stimulus intensity for the next treatment should be at least
what was successful in inducing a seizure in the treatment just completed. If
the stimulus parameters are at the maximum amount allowed by the ECT de-
vice, strategies for decreasing seizure threshold should be considered (see “Sei-

zure Augmentation” below).

Inadequate Seizures

The consensus regarding how to assess seizure adequacy is not as great as that
concerning what represents a missed seizure (Weiner et al. 1991). As noted in
Chapter 8, practitioners have traditionally used a motor or EEG seizure end
point criterion, typically around 20-25 seconds. However, some data sug-
gested not only that some short seizures may be therapeutically adequate, but
that some seizures of “adequate” duration—for example, those associated with
barely suprathreshold pulse unilateral treatments (Sackeim et al. 1987, 1993)—
are not therapeutic. Therefore, since the 1990s, research in this area has fo-
cused on the use of alternative ictal EEG measures of treatment adequacy—
for example, the degree of suppression of EEG activity occurring at the end
of the seizure (postictal suppression) (Krystal and Weiner 1994, 1995). In ad-
dition to electrophysiological measures, certain characteristics of the neuroen-
docrine response to the seizure (most notably prolactin [Robin et al. 1985])
have been considered, although these have not yet provided clinically mean-
ingful measures of predicting therapeutic adequacy.

In general, inadequate seizures appear to result from the same factors as
missed seizures, and the same clinical procedures should be followed as with

missed seizures, except that restimulation should be delayed for 30-60 sec-



152 Clinical Manual of Electroconvulsive Therapy

onds because of the presence of a transient refractory period. During this time,
the physician should pay attention to ensuring that adequate anesthetic and
relaxant effects are still present.

An algorithm for management of ECT-induced seizures, incorporating
these recommendations, is provided in Figure 11-1.

Seizure Augmentation

Evidence suggests that missed or inadequate seizures occurring at maximum
stimulus intensity decrease the likelihood that the patient will respond to
treatment. When these phenomena occur, efforts should be directed at de-
creasing the seizure threshold, increasing the seizure duration, or both (Krystal
et al. 2000). Presently, four methods of seizure enhancement are commonly
used: decreasing the anesthetic dosage (if possible and if the agent used has
anticonvulsant properties), hyperventilation (inducing hypocarbia), caffeine
(and other adenosine receptor antagonists), and ketamine anesthesia (Weiner

etal. 1991).

Hyperventilation

Substantially decreasing the patient’s carbon dioxide level results in an ap-
proximately 100% increase in seizure duration (Bergsholm et al. 1984), al-
though the seizure threshold itself may not be affected. Inducing hypocarbia
is most easily achieved by hyperventilating the patient. The anesthesiologist
should apply slow, deep respirations, beginning before the anesthesia induc-
tion and continuing until an adequate seizure duration has been obtained. At
the same time, care should be taken to avoid continuation of the hyperventi-
lation much past this point, because the resulting hypocarbic state will delay
the resumption of spontaneous breathing.

Caffeine

Caffeine is another seizure augmentation strategy (Coffey et al. 1990; Weiner
etal. 1991). It is available in the United States for parenteral use as 2-mL am-
pules containing 500 mg of caffeine sodium benzoate, which is equivalent to
about 250 mg of caffeine. The usual initial dosage of caffeine is 250 mg
infused intravenously, over a 20-second period, 2 minutes before the anes-
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thetic is administered. Caffeine typically increases seizure duration by 100%,
although tolerance eventually develops. Seizure threshold itself does not ap-
pear to be affected (McCall et al. 1993). Dosages up to 1,000 mg (2,000 mg of
caffeine sodium benzoate) may be used by giving increments of 125-250 mg
per trial.

Because caffeine may cause a transient rise in blood pressure and pulse,
either it should be avoided or lower dosages should be considered for patients
with a history of cardiovascular problems. Caffeine may also cause an increase
in anxiety and agitation, particularly in patients prone to such states. Interest-
ingly, some data have suggested that caffeine may potentiate not only seizure
duration but therapeutic response as well, and that caffeine may also diminish
adverse cognitive effects associated with ECT (Calev et al. 1993).

Changes to Anesthetic Regimen

Because barbiturate anesthetics cause an increase in seizure threshold and a
decrease in seizure duration, seizures may also be augmented by decreasing
the dosage of barbiturate or other anticonvulsant anesthetics and substituting
a different anesthetic agent, ketamine, for all or part of the dosage (Brewer et
al. 1972). Because ketamine does not increase seizure threshold, switching to
it is associated with a functional decrease in seizure threshold as well as an
increase in seizure duration. For this reason, ketamine is specifically indicated
in cases of missed seizures that cannot be managed by 1) increasing the stimulus
intensity, 2) decreasing the dosage of the routine anesthetic agent, or 3) de-
creasing or stopping other medications with anticonvulsant properties. Be-
cause ketamine is occasionally associated with a transient emergence psycho-
sis (relatively more likely if it is not possible to elicit a seizure), and because
the drug has a higher cardiotoxic effect than barbiturate anesthetics, it is usu-
ally reserved for the management of high seizure thresholds rather than short
seizure durations (Krystal et al. 2003). (For dosing instructions, see Chapter 6,
“Anesthetics and Other Medications.”)

Prolonged Seizures

Most ECT seizures are self-limited, lasting less than 2 minutes. In rare in-

stances, however, persistent seizure activity (prolonged seizures and status
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Figure 11-2. Algorithm for management of prolonged seizures.
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epilepticus) or a recurrence of seizure activity (tardive seizures) may occur (Weiner
et al. 1991). A prolonged seizure can be defined as seizure activity lasting
longer than 3 minutes (American Psychiatric Association 2001). EEG moni-
toring is especially useful in detecting prolonged seizures, because most are
undetectable by motor observation alone. Prolonged seizures are particularly
likely to occur in one of the following circumstances: 1) at the first treatment,
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2) during benzodiazepine withdrawal, 3) in patients in whom proconvulsant
medications (e.g., caffeine, theophylline) and lithium are used concurrently,
or 4) in patients who have epilepsy or preexisting paroxysmal EEG activity.
Young patients, especially those with mania or schizophrenia, also appear to
have a higher incidence of prolonged seizures.

Prolonged seizures should be terminated pharmacologically after 3 minutes
of sustained seizure activity. Seizures can be terminated by intravenously admin-
istering either a repeat dose of the anesthetic agent (e.g., methohexital) or a
short-acting benzodiazepine (e.g., 1-2 mg midazolam). If after 2 more minutes
the seizure still has not aborted, the dose should be repeated. If the patient con-
tinues to experience seizure activity, immediate neurology consultation should
be obtained, blood gases and electrolytes should be checked, and lorazepam (2—
4 mg iv over 1 minute) or diazepam (5-10 mg iv) should be given. An algo-
rithm for termination of prolonged seizures is provided in Figure 11-2. It is im-
portant that the patient continue to receive adequate oxygenation during a
prolonged seizure; this may be accomplished via positive-pressure ventilation or
by the placement of an endotracheal tube if either 1) the seizure activity is
grossly prolonged (more than 5-10 minutes) or 2) the patient becomes signifi-
cantly hypoxic. Adequate muscular relaxation should be ensured as well. Vital
signs (particularly blood pressure, oxygen saturation, and electrocardiogram)
should be monitored continuously. After the patient is stabilized, the cause of
the prolonged seizure should be investigated. In most cases, ECT can safely be
resumed, although concurrent use of an anticonvulsant agent may be indicated

in some cases.
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Mehul V. Mankad, M.D.

In addition to making the decisions discussed in previous chapters, the prac-
titioner must also make a determination of how frequently the seizures should
be induced (i.e., the interval between treatments) and how many treatments
should be administered in the treatment course.

Frequency of Treatments

The optimal frequency of ECT has not yet been determined (Shapira et al.
1991). In the United States, most ECT treatments are given three times a
week (e.g., Monday, Wednesday, and Friday), whereas in some other coun-
tries (e.g., the United Kingdom), they may be administered twice weekly. Al-
though an increased frequency is associated with a more rapid response, it
may also be associated with increased cognitive side effects (Lerer et al. 1995).

A three-times-weekly schedule appears to be an acceptable compromise
for most patients. The practitioner should consider decreasing the treatment
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frequency to twice, or even once, weekly if cognitive side effects are severe.
Alternatively, treatment frequency may be increased to daily if a more rapid
response is urgently needed, particularly at a time early in the course of
treatments.

Multiple Monitored ECT

Multiple monitored ECT (MMECT) was developed in an attempt to decrease
the total duration of the treatment course by inducing multiple seizures (usu-
ally 2-10) during a single treatment (Blachly and Gowing 1966; Maletzky
1981; Roemer et al. 1990). MMECT has been associated with a more rapid
clinical response (fewer treatment sessions), but the total number of seizures
required is greater. Some evidence suggests that prolonged seizure activity, ex-
aggerated cardiovascular responses, and increased cognitive side effects may
occur more frequently with MMECT, at least when relatively large numbers
of seizures are administered in a single session (Abrams 2002).

Number of Treatments

No set number of treatments is required to complete a full course of ECT. As
soon as the patient is judged to have achieved a maximum clinical response,
the ECT course is terminated. To determine that a maximum response has
been attained, the practitioner needs to observe a plateau in the patient’s im-
provement such that no additional benefit is apparent despite two or three ad-
ditional treatments. Some practitioners find it useful to serially administer
objective symptom scales, such as the Hamilton Rating Scale for Depression
(Hamilton 1960) or the Montgomery-Asberg Depression Rating Scale (Mont-
gomery and Asberg 1979), and/or global scales, such as the Clinical Global
Impression (Overall and Gorham 1962), to assist in this process. A typical ECT
course involves 6-12 treatments, although the number required may occa-
sionally be as low as 3 or as high as 20.

For nonresponders, or patients whose clinical progress is minimal after
approximately six treatments, alterations in the ECT course should be con-
sidered. Possible modifications include changing from unilateral to bilateral
electrode placement, increasing stimulus intensity, or potentiating the seizure
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pharmacologically. If the patient still does not respond after three to four ad-
ditional treatments, or if response has reached a plateau below a full level of
remission by that point, the ECT course should be terminated.
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Maintenance ECT

Mehul V. Mankad, M.D.

M ost psychiatrists agree that following the remission of a depressive episode,
therapy should be continued for at least 6-12 months. After the conclusion
of a course of ECT, three options are available for continued treatment:
administration of applicable psychotropic medications (e.g., antidepressant,
antimanic, and/or antipsychotic agent), administration of continuation ECT,
and psychotherapy combined with either medication or continuation ECT. A
fourth option, involving the use of both continuation medication and ECT,
may be necessary for patients with a history of failure of prophylaxis with either
treatment alone.

Multiple psychiatric disorders, including major depressive disorder, psy-
chotic depression, bipolar disorder, and schizoaffective disorder, respond to
maintenance ECT (Birkenhager et al. 2005). Use of maintenance ECT in the
geriatric population is also well documented (Thienhaus et al. 1990). Particular
forms of schizophrenia (catatonia, refractory positive symptoms) may also be
responsive to the combination of ECT and antipsychotic medication (Shimizu
et al. 2007; Suzuki et al. 2006) (see Chapter 2, “Indications for Use”).
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Pharmacotherapy Without Maintenance ECT

Several studies have found that patients who were initially drug refractory
have a higher risk of relapse within the first 12 months than do those who re-
ceived ECT on a first-line basis, even with the posttreatment use of pro-
phylactic pharmacotherapy (Sackeim et al. 1990, 1994). The drug-refractory
patient should be placed on a different type of antidepressant from that used
during the index episode, and/or continuation ECT should be considered.

Continuation ECT

Many practitioners have found an improvement of relapse rates when continu-
ation ECT is performed (Monroe 1991). As summarized in Table 13-1, criteria
for continuation ECT should include all of the following: a history of recur-
rent illness that is acutely responsive to ECT; limited medical comorbidities
that increase risk for additional ECT or anesthesia; ineffectiveness or intoler-
ance to prophylaxis with pharmacotherapy (or patient preference for ECT);
and ability and willingness to comply with logistical arrangements (because
continuation treatments are almost always performed on an outpatient basis)
(American Psychiatric Association 2001; Fink et al. 1996).

Although an optimal protocol for timing of treatments still remains to be
determined, a typical arrangement would involve weekly ECT for 4 weeks, then
incremental increases in the interval between ECT treatments to once a
month over the next few months (Clarke et al. 1989). Also, regardless of the
system used routinely, flexibility in the choice of intertreatment intervals is
necessary, given fluctuation in the patient’s clinical status. If a significant and
sustained increase in symptoms suggests a relapse or impending relapse, the
practitioner should consider an increase in the frequency of treatments.

Maintenance ECT

Because a strict delineation between continuation ECT and maintenance
ECT does not exist, some ECT programs do not recognize a distinction be-
tween the two. Due to the severity and chronicity of some patients’ illnesses,
many practitioners continue ECT for longer periods, particularly when at-
tempts to discontinue therapy have resulted in a recurrence of the illness.
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Table 13-1. Criteria for continuation ECT

*  DPositive response to index ECT for a recurrent psychiatric illness
¢ Limited medical comorbidities that increase risk for additional ECT or anesthesia
*  Failure of pharmacotherapy (or patient preference for additional ECT)

*  Abilityand willingness to comply with logistical arrangements for outpatient ECT

The frequency of maintenance treatments should be determined based on
the history of the patient’s response to maintenance ECT, the patient’s current
level of severity, the degree of cognitive impairment, and practical consider-
ations (e.g., availability of transportation). For patients in whom relapse reli-
ably occurs when the interval between treatments exceeds a particular period
of time, the treatment intervals should be based on this information. As with
continuation ECT treatments, a significant and sustained increase in severity
should trigger an increase in the frequency of maintenance treatments. In
some patients, however, the degree of cognitive side effects can limit how fre-
quently ECT can be administered.

Taking the above-mentioned factors into account, the average interval be-
tween maintenance ECT treatments is roughly 1 month, although the range
is substantial. Given the increased interval between ECT treatments, the in-
trinsic anticonvulsant effect of ECT may wane. Some ECT programs advo-
cate retitration of the seizure threshold during the maintenance phase (Wild
et al. 2004).

There is no lifetime maximum number of ECT treatments for patients
(Russell et al. 2003; Wijkstra and Nolen 2005). Cumulative amnestic effects
do not appear likely except when the frequency of treatments remains high,
although cognitive recovery from the index course may be slowed (Abraham
et al. 2006; Datto et al. 2001; Rami et al. 2004).

Preanesthesia Reevaluation

Determination and documentation of the continued need for treatment should
be made periodically on the basis of an assessment of relevant benefits and
risks, and informed consent should be reobtained at least every 6 months
(American Psychiatric Association 2001). A brief review of the patient’s med-
ical and mental status during the past interval should be done before each



166 Clinical Manual of Electroconvulsive Therapy

treatment. The risks and benefits of maintenance therapy should be evaluated
on an ongoing basis. Routine laboratory data for ECT are usually updated at
least yearly. Some programs choose to formalize this process and repeat pre-
operative screening at a specific interval. If significant events in the patient’s
medical history arise between maintenance treatments (e.g., myocardial in-
farction, new-onset diabetes mellitus), then reassessment of those issues must
be addressed prior to the next scheduled treatment.
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Step-by-Step Outline of
ECT Administration

The following outline serves as a comprehensive overview of a typical ECT
treatment procedure, summarizing many of the recommendations made else-
where in this volume. The goal is not to create a standard of practice but rather
to provide the practitioner with an overall perspective about the treatment pro-
cedure. Many of these recommendations must be adapted to the specific treat-
ment site and the individual needs of each patient.

Part 1: Pre-ECT Evaluation

Evaluation for ECT can take place in an inpatient or an outpatient setting.
Because length-of-stay considerations are becoming more important in the
present era of health care reform, preparation of inpatients for ECT should
be carried out promptly, in some cases even before hospitalization. Preautho-
rization of ECT has become essential for reimbursement from third-party

payers.
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Table 14-1. Major components of pre-ECT evaluation

Delineate indications for treatment: perform psychiatric history and exam.
Delineate risks: perform medical history and exam with laboratory evaluation.
Order any other medical consultations that may be indicated.

Perform risk-benefit analysis.

IS

Perform patient (and, ifapplicable, family) educationas partof informed consent
procedure.

6.  Determine whether ECT should be administered and, if so, whether it should
be initiated on an inpatient or outpatient basis.

7.  Recommend type of ECT (bilateral or unilateral) and any modifications in the
ECT procedure.

8. Recommend any indicated modification(s) in the patient’s medication or treatment
regimen before ECT, including medications to be given on the day of treatment.

9.  Document results of steps 1-8 in the medical record.

Major components of the pre-ECT evaluation (see Chapter 2, “Indications for
Use,” and Chapter 3, “Patient Referral and Evaluation”) are listed in Table 14-1.
Many of these components are typically written as orders to be done by persons
other than the attending physician and the primary nurse(s) taking care of the
patient. Sample orders of this type are provided in Table 14-2.

Table 14-2. Sample routine orders for pre-ECT evaluation

Essential orders

1. ECT consult (or second opinion): contact Dr. (This may not be
required, check hospital protocol and state laws.)

Consult anesthesiology for preoperative evaluation
Labs: complete blood count, serum electrolytes, other:

Electrocardiogram (if patient is older than 40 years)

AR ol

Chest X ray (if patient has cardiovascular or pulmonary disease or a history of
smoking)

Additional routine orders used by some practitioners

1. Routine electroencephalography

2. Memory or neuropsychological testing

3. DPatient and family education (video, pamphlet, book, nursing teaching, etc.)
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Before the first treatment, the following should be completed and docu-

mented:

ECT consult (or second opinion, if applicable)
Physical examination

Anesthesia evaluation

Patient education

Informed consent

Appropriate laboratory tests

If indicated, other consultations

Some practitioners have found that a standardized pre-ECT evaluation sum-

mary sheet is useful.

Part 2: Patient Preparation on Day of Treatment

Preparation of inpatients on the day of treatment takes place on the ward. For

outpatients, this preparation begins at home and continues in a designated

pre-ECT area such as a freestanding ECT suite, a partial hospital unit, an in-

patient ward, or a perioperative observation area. The following list of the

components of this preparation is summarized in Table 14-3.

1.

Pre-ECT orders. Pre-ECT orders should include the date and time of the
first 1-3 treatments, requirements concerning oral intake before ECT,
any medications required before entry into the treatment area or follow-
ing return from that site, and instructions for vital signs and placement
of the intravenous (iv) drip. Examples of basic pre-ECT orders are shown
in Table 144 (inpatients) and Table 14-5 (outpatients).

Table 14-3. Patient preparation on day of treatment

RAEEAE

Ensure that pre-ECT orders have been written (see Tables 14—4 and 14-5).
Administer pre-ECT medications.

Make sure bodily functions are attended to (urination, bowel movements).
Ensure proper patient attire.

Perform pre-ECT intake and interval assessment.
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Table 14-4. Sample pre-ECT orders for inpatient

Schedule ECT for (date or dates).
2. Allow nothing by mouth after midnight prior to treatment, except
medication to be given at o'clock with a sip of water.

3. Insert saline lock iv before first treatment and maintain per protocol.
Assess vital signs, adverse effects, and orientation status pre- and post-ECT per
protocol.

5.  Administer glycopyrrolate 0.2 mg intramuscularly 30 minutes before ECT
(if intramuscular anticholinergic premedication is used).

6. Give medications on return from ECT (if indicated).

2. Administration of pre-ECT medications. Medications given by mouth,
whether at home or in the hospital, should be taken with only a sip of water.

3. Attention to bodily functions. Care must be taken to ensure not only that pa-
tents have not taken anything by mouth the morning of ECT, but also
that they have voided within a couple of hours of the procedure.

4. Patient attire. Before entry into the treatment room, patients in most facilities
are asked to dress in a hospital gown, although some facilities allow loose-
fitting street clothes. All jewelry (including facial piercing jewelry), makeup,
dentures, dental appliances, and hearing aids should be removed. The pa-
tient’s hair should be dry and free of exogenous substances (washing the hair
on the night before ECT is helpful). If jewelry cannot be removed (e.g., tight
wedding band), it should be covered with tape so that no bare metal is visible.

Table 14-5. Sample pre-ECT orders for outpatient

Schedule ECT for (date or dates).

Admit to ECT service on day of treatment per protocol.

3.  Allow nothing by mouth after midnight prior to treatment, except

medication to be given at o'clock with a sip of water.

4. Insert saline lock iv before each treatment and maintain per protocol.

5. Assess vital signs, adverse effects, and orientation status pre- and post-ECT per
protocol.

6. Administer glycopyrrolate 0.2 mg intramuscularly 30 minutes before ECT (if
intramuscular anticholinergic premedication is used).
Give medications on return from ECT (if indicated).

8  Discharge patient from ECT service when routine discharge criteria are met.
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5. Pre-ECT intake and interval assessment. For patients who will be receiving
their first treatment, the results of the pre-ECT evaluation should be
checked. Regardless of the treatment number, an assessment (before entry
into the ECT treatment area) should be done to determine that the patient
is indeed prepared for the ECT treatment on that day and that no new
developments preclude its administration. This assessment should include
verification that all components included in steps 1-4 above have been sat-
isfactorily completed, plus a brief direct patient evaluation. For inpatients,
this task is generally accomplished on the ward and is documented either
in a progress note or on a standardized pre-ECT checklist that can be per-
formed by the nursing staff. For outpatients, this assessment is completed
by nursing or medical staff in the pre-ECT staging area. Because outpa-
tients have generally been away from direct medical observation for 2 or
more days between treatments, they should also be given a brief interval
psychiatric and medical examination including vital signs and baseline
mental status (orientation). This examination should focus on areas of im-

portance to both therapeutic outcome and treatment risk.

Part 3: Patient Preparation in Treatment Room

The following is a list of suggestions for preparation of the patient in the treat-
ment area. Table 14—6 provides a summary of these recommendations.

1. Ascertain that items 1-5 in the previous section, “Part 2: Patient Preparation
on Day of Treatment,” have been satisfactorily completed and documented.

2. Be aware of and respond to the patient feelings and concerns. In addition to
the specific steps involved in this preparation process, pay attention to
the manner in which the treatment team relates to the patient during this
period, which is often marked by a considerable degree of anxiety, partic-
ularly at the first treatment. The staff should focus on the patient’s specific
physical, emotional, and educational needs, as well as on the technical re-
quirements of the ECT preparation process. The staff should discuss
what they are doing with the patient in easily understood terms (e.g., re-
ferring to “heart wave” and “brain wave” recording electrodes) and should
answer any questions about the procedure. Because amnesia may develop
during ECT, the staff should repeat such material to the patient during
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subsequent treatments. If a patient is extremely anxious, the staff may
need to delay placement of electroencephalographic (EEG) and stimulus
electrodes until the patient is asleep.

3. DPosition the patient on a bed or stretcher. Patients may walk to the treat-
ment room unless they have a physical handicap that would prevent them
from doing so; however, many hospitals prefer that patients be trans-
ported by wheelchair, as they would be for many other procedures or
tests. The treatment bed or stretcher should be capable of elevating the pa-
tient’s head or feet and should also be electrically insulated to prevent the
possibility of the current being grounded through the patient.

4. Examine the patients mouth. Check to make sure that dentures or other
dental appliances have been removed, and note any chipped or loose
teeth or other significant problems within the oral cavity. In some cases,
dental or oral abnormalities may require changes in the type of mouth-
piece used (see “Part 4: Treatment,” below).

5. Check vital signs. As discussed in Chapter 9, “Cardiovascular Response,”
heart rate and blood pressure vary considerably during the treatment. The
anesthesiologist usually keeps a record of the patient’s vital signs and re-
actions at different times during the procedure, although this responsibil-
ity is sometimes assigned to another staff member. Vital signs are measured
serially over the time the patient is in the treatment area. One typical pro-
tocol involves measurements at several times:

*  On arrival in the treatment room

¢ Just before stimulation

* 30 seconds and 1, 3, and 5 minutes after stimulation

* Just before leaving the treatment room

Remember: The blood pressure cuff used for monitoring should not be
placed on the arm with the intravenous (iv) drip or the oximetry sensor.

6. Insert an iv catheter into an accessible vein in the hand or arm (unless already
done). This iv site should be maintained until the patient has returned to
baseline pulmonary and cardiovascular status.

7. Apply electrocardiographic (ECG) electrodes and check baseline recording for
rate and rhythm. These electrodes are usually placed over the right shoul-
der, the left shoulder, and the apex of the heart. Monitoring is carried
out using ECG recording circuitry built into the ECT device or external
equipment.
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8. Apply pulse oximetry sensor. The oximetry sensor, generally in the form of

a clip attachment, should be positioned on a fingertip. The patient’s base-
line oxygen saturation should be obtained. Serial monitoring should be
obtained at the same intervals as vital signs while the patient is in the

treatment area.

9. Apply EEG electrodes. For EEG monitoring, disposable pediatric ECG

electrodes are often used because of their small size and ease of attachment.
For two-channel EEG monitoring, the four electrodes should be placed
on a cleansed skin surface (see Chapter 8, “Ictal Electroencephalographic
Response”) with their midpoints 1 inch above the midpoint of each eye-
brow and behind both ears on the rostral portion of the mastoid process
(see Figure 8-3 in Chapter 8). Care should be taken to ensure that the
tips of the electrode leads are plugged into the monitoring cable so that
the left- and right-side recording electrodes are each connected to a sep-
arate recording channel on the output display of the ECT device. To keep
track of which channel is left and which is right, both electrodes and the
receptive ends of the monitoring cables should be labeled. Tapping each
electrode sequentially and observing the EEG chart recorder/monitor
display to see where the tap artifact shows up is also useful.

If one-channel EEG monitoring is performed, electrodes should be
placed in the left prefrontal area and behind the left ear (mastoid pro-
cess). This placement helps to ensure that a generalized bilateral seizure
has occurred with right unilateral ECT.

10. Apply electromyographic (EMG) leads or optical motion sensor (if used). When

11.

used, EMG leads are typically placed approximately 3 or more inches apart,
distal to the blood pressure cuff that will be used for the cuff technique (de-
scribed in Chapter 7 “Ictal Motor Response,” and noted briefly below in
“Part 4: Treatment”). At least one of the EMG electrodes should be placed
directly over muscle tissue (see Figure 7-1 in Chapter 7). The optical mo-
tion sensor, if used, should be secured to a digit distal to the cuff.

Prepare the leg for the cuff technique. Apply a blood pressure cuff to one
ankle. If the patient is receiving unilateral ECT, place the cuff on the
lower extremity ipsilateral to the electrode placement (i.e., if the patient
is receiving right unilateral ECT, place the cuff on the right ankle). Ipsi-
lateral cuff placement will allow observation of the seizure in the con-

tralateral hemisphere. This approach allows confirmation of seizure
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12.

activity in the hemisphere that is not being directly stimulated. To min-
imize discomfort to the patient, do not inflate the cuff until the treat-
ment session is under way.

Prepare the scalp and apply stimulus electrodes. The skin over which stimulus
electrodes will be placed is typically prepared while the patient is awake;
however, the ECT practitioner has the option of waiting to apply the
stimulus electrodes on the patient’s scalp until the patient is sedated or
fully anesthetized. Waiting to apply the stimulus electrodes may be help-
ful for particularly anxious patients.

Stimulus electrode placement for ECT can be divided into two cate-
gories: bilateral and nondominant unilateral (stimulation of the cerebral
hemisphere opposite that involved in mediating language functions). The
decision about which technique to use should be made during the pre-ECT
evaluation (a more complete discussion of this topic can be found in
Chapter 5, “Clinical Applications”). With bilateral ECT, both stimulus
electrodes are typically attached by a headband. With unilateral ECT, only
the frontotemporal electrode is placed in the headband and a handheld
electrode is used for the homologous centroparietal position. Some prac-
titioners choose to avoid use of the headband altogether and administer
the ECT stimulus using two handheld electrodes. In such cases, the stim-
ulus is generally activated by use of a remote treatment button located on
one of the handheld electrodes or by use of a foot switch (alternatively,
a second practitioner could initiate the stimulus by pushing the stimu-
lus button on the ECT device itself). To minimize patient anxiety, appli-
cation of the handheld electrodes is usually delayed until just before

stimulation.

a.  Bilateral placement. In bilateral electrode placement, the midpoints
of the left and right stimulus electrodes are positioned approximately
1 inch (usually half the diameter of the electrode) above the middle
of an imaginary line drawn between the upper tragus of the ear and
the external canthus of the eye, as noted in Figure 14-1A.

b.  Unilateral placement. In unilateral ECT, both stimulus electrodes are
located over the nondominant hemisphere. (See Chapter 5 for a more
complete discussion of the determination of hemispheric dominance.)
A variety of unilateral positions can be used, but the d’Elia position
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Bilateral ECT
electrodes

Midpoint

Side view Frontal view

Right unilateral
Vertex ECT electrodes  Vertex

External
auditory
meatus

Side view Frontal view

Figure 14-1. FElectroconvulsive therapy electrode placement.
(A) Bilateral; (B) right unilateral.

is preferred (Figure 14-1B). This configuration involves placing one
electrode over the presumed nondominant frontotemporal area, as
in bilateral ECT. The other electrode is placed on the same side, cen-
tered 1 inch (typically half the diameter of the electrode) lateral to
the vertex of the head. The vertex is defined as the intersection of the
midpoints of two arcs: 1) the arc between the inion (the external oc-
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cipital protuberance) and the nasion (the point where the bridge of
the nose meets the skull) and 2) the arc between the two external
auditory meati. In most cases, the electrodes end up being about
4-5 inches apart. Because interelectrode distance may be an impor-
tant factor in treatment adequacy with unilateral ECT, it is impor-
tant to measure the location of the vertex. A small dot made at the
time of the first treatment with an indelible marker can minimize the
need for repeated measurement.

After the placement sites for the stimulus electrodes have been de-
termined, the skin underlying those sites should be cleaned. This may
be done by rubbing the sites with alcohol, then allowing the area to
dry. Many practitioners prefer a gritty skin cleanser (e.g., Omni Prep),
which may improve electrical contact with the electrode. When this
type of material is used, the skin should be wiped dry before electrodes
are applied.

In general, steel discs are used as the stimulus electrodes, although
the manufacturer Somatics (http://www.thymatron.com) also makes
disposable adhesive pad electrodes for use with their devices. Two
types of steel electrodes are used: flat, for placement in frontotempo-
ral areas, and concave, for placement in the centroparietal location in
unilateral ECT. Conductive gel is applied to each disc. The gel should
be sufficient to completely cover the surface of the electrode but not
exude excessively from around the edges when placed on the scalp.

The headband should be stretched snugly around the patient’s
head to prevent the electrodes from moving during treatment, but
not so tightly that the patient is uncomfortable. It is important that
the band be placed below the inion, the external occipital protuber-
ance on the back of the head, so the band does not slip off when the
neck is extended during the treatment.

In unilateral ECT, the centroparietal stimulus electrode site is also
cleansed. Some practitioners spray on a fine saline solution to improve
the electrical contact, taking care to avoid having the solution dampen
an area larger than the actual contact zone, and/or rub a small amount
of gel directly onto the contact area. Clipping or shaving the hair at the
centroparietal site may be helpful if the hair is extremely thick, al-
though most patients do not find this practice acceptable.
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Table 14-6. Patient preparation in treatment room

1. Ascertain that items 1-5 in “Part 2: Patient Preparation on Day of Treatment”
in this chapter have been satisfactorily completed and documented.

2. Beaware of and respond to the patient’s feelings and concerns.

3.  Dosition the patient on a bed or stretcher.

4.  Examine the patient’s mouth.

5. Check vital signs.

6. Insert an intravenous catheter (unless already done in pre-ECT staging area).

7. Apply electrocardiographic electrodes and check baseline recording.

8. Apply pulse oximetry sensor.

9.  Apply electroencephalographic electrodes.

10. Apply electromyographic leads or optical motion sensor, if either is used.

11. Prepare the leg for the cuff technique.

12. Prepare the scalp and apply stimulus electrodes.

13. Set stimulus parameters.

13. Set stimulus parameters. Stimulus parameters are set according to either a

dose-titration paradigm or a fixed-dose paradigm. (See Chapter 5 for a re-
view of stimulus dosing recommendations.)

Part 4: Treatment

An outline of the treatment protocol is discussed in this section and summa-

rized in Table 14—7.

Prior to administration of any medications, perform a ‘time-out” procedure.
The ECT team and the anesthesia team must be present during the time-
out. The patient’s name should be confirmed along with a secondary
identifier, such as the date of birth or medical record number. The writ-
ten informed consent should be located and verified. The location and
type of procedure (i.e., electrode placement) should be confirmed. The
anesthesia plan of care may be discussed as well. The time-out is also a
good opportunity to briefly discuss with anesthesia colleagues any rele-
vant issues from previous treatments that may have an impact on the cur-
rent treatment (e.g., a suggested change in anesthetic to optimize seizure

length).
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Table 14-7. Treatment protocol

1. Assemble the ECT team and anesthesia team for the “time-out” procedure,
which involves confirming the name of the patient and a secondary identifier
(medical record number, date of birth), type of procedure, and location of the
procedure. The anesthesia plan of care may also be reviewed. Signed consent
should be located and confirmed to be current.

2. Administer prophylactic medications.

3. Begin oxygenation.

4. Administer the anesthetic agent.

5. Observe the patient for action of the anesthetic agent.

6. Initiate the cuff technique.

7.  Administer the muscle relaxant.

8.  Observe the patient for action of the muscle relaxant.

9. Insert the bite block, and position the patient and the stimulus electrodes.

10. Test static impedance. (If using a machine with automatic impedance test, then
confirm the value.)

11. Administer the stimulus.

12. Remove the bite block, quickly check the oral cavity, and resume oxygenation.

13. Evaluate the seizure response.

14. Deflate the cuff.

15. Verify the seizure completion.

16. Document the medications, stimulus parameters, seizure response, and vital
signs.

17. Transfer the patient to the recovery area.

2. Administer prophylactic medications. If anticholinergic prophylaxis is desired,

an iv or intramuscular (im) dose of glycopyrrolate (Robinul) or atropine can
be given 30 minutes to 1 hour before the treatment. This pretreatment med-
ication should be noted on the pre-ECT medical record. Anticholinergic
medications are discussed in Chapter 6, “Anesthetics and Other Medica-
tions.” Sympatholytic agents or other cardiac protective medications are
also sometimes given intravenously before anesthesia induction to prophy-
lactically control excessive hypertension or tachyarrhythmias during ECT
(see Chapter 6). When such an agent is used, vital signs should be rechecked
2-3 minutes after administration to evaluate the patients response before
administration of the anesthetic agent.
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Begin oxygenation. Oxygen is administered via a mask, starting before an-
esthesia induction. Some patients experience anxiety or claustrophobia
when a mask is placed over the nose and mouth; therefore, the mask can
be held a few inches away until these patients are anesthetized. Once the
patient becomes apneic following the action of the anesthetic and muscle
relaxant agents, ventilation is augmented by positive pressure, typically
by bag-mask ventilation. For patients who will receive a nondepolarizing
neuromuscular blocker such as cisatracurium (Nimbex), alternate airway
management such as intubation may be considered. As noted earlier, pulse
oximetry is used on all patients, via a finger clip sensor, to monitor oxy-
gen saturation levels.

. Administer the anesthetic agent. Methohexital (Brevital) (starting dose=
0.75-1.0 mg/kg of body weight) is the most commonly used anesthetic.
(See Chapter 6 for alternative medications.) Some patients may complain
of a burning or stinging sensation in the arm. This is a short-lived phe-
nomenon produced by vascular irritation following the iv bolus and can of-
ten be prevented by dilution of the agent. The catheter should be flushed
after the infusion. For benzodiazepine-dependent patients, flumazenil
(Romazicon) may be administered intravenously after delivery of the pri-
mary anesthetic agent.

Observe the patient for action of the anesthetic agent. Indicators of the ac-
tion of the anesthetic agent (not all of which will be present in all cases)
include the following:

e The patient becomes unresponsive to commands.

* Yawning occurs.

* Aijrway obstruction occurs, indicated by noisy, snoring respirations.
¢ The eyelash reflex disappears.

Initiate the cuff technique. A blood pressure cuff placed on an extremity
(ipsilateral to the stimulus electrodes with unilateral ECT) should be
inflated to about 200 mm Hg after induction of anesthesia (see Chap-
ter 7). This prevents the muscle relaxant from reaching muscles distal to
the cuff, thus allowing the observation of the motor component of the
seizure.

. Administer the muscle relaxant. Succinylcholine (Anectine) (starting
dose=0.5-1.25 mg/kg of body weight) is the most commonly used mus-
cle relaxant (see Chapter 6). It should be administered in a rapid iv bolus.
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Most anesthesiologists wait until an acceptable level of anesthesia has
been obtained before administering the relaxant. Others administer the
relaxant immediately following infusion of the anesthetic agent, particu-
larly for patients in whom prior treatments have demonstrated that the
anesthetic dosage is sufficient and that an adequate airway can be ensured.
In either case, the iv catheter should be flushed again with saline follow-
ing the infusion.

8. Observe the patient for action of the muscle relaxant. Succinylcholine (Anec-
tine) causes depolarization of muscle fibers, termed fasciculations, in most
patients (see Chapter 6). Fasciculations are fine twitching movements, ini-
tially noted on the head, neck, and upper extremities, which gradually
progress to the lower extremities. Because some patients do not display
prominent fasciculations, the following measures can also be used to assess
adequate muscle relaxation:

* The joints becoming freely movable from loss of muscle tone
* The absence of a plantar withdrawal response
* The disappearance of deep tendon reflexes

A peripheral nerve stimulator applied over the posterior tibial nerve at
the ankle or over the median or radial nerve at the wrist may also be used
to monitor the level of muscular relaxation. When used, such stimulation
should not be activated until the patient is anesthetized.

A maximal state of relaxation occurs by the time fasciculations have
disappeared (usually 1-3 minutes postinfusion), although adequate re-
laxation is often present shortly before this point. The window of time
between achievement of adequate relaxation and regaining consciousness
is often quite brief.

9. Insert the bite block, and position the patient and the stimulus electrodes.
When adequate relaxation has been achieved, the ventilation is tempo-
rarily stopped and a rubber bite block or other protective device is care-
fully inserted between the teeth. Pressure is applied to the patient’s jaw to
bring the teeth into secure contact with the bite block, and the neck is
extended. The tongue and gums should be clear of the teeth and bite
block. If handheld electrodes are used, they are now placed in position.
The individual managing the bite block and electrodes must be certain
that his or her own hands are clear of the exposed portions of the stimulus
electrodes.
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10.

Test static impedance. Most contemporary U.S. ECT machines automat-
ically check static impedance. With some older machines, static imped-
ance needs to be tested prior to delivery of the electrical stimulus. High
impedance (usually more than 3,000 Q) usually indicates a poor electri-
cal connection between the machine and the patient (e.g., the stimulus
cable is not attached to the electrodes, the scalp is not properly prepared,
the electrodes are slipping over the hair). Low impedance (usually less
than 250 €2) usually indicates an anomalous impedance path between the
stimulus electrodes (e.g., sweat, smeared gel or other exogenous conduct-
ing substance). In either case, problems with static impedance should be
checked and corrected before stimulation.

11. Administer the stimulus. The stimulus should never be delivered until 2//

12.

13.

of the following five criteria have been met (these criteria also hold for

any restimulation):

e The person in contact with the patient’s head is ready.

* The patient is adequately anesthetized.

* The patient’s muscles are adequately relaxed.

* Stimulus and recording electrodes are properly positioned.

e The bite block or other dental appliance has been properly placed.
The physician administering the treatment should let everyone else in

the room know when he or she is ready to stimulate. Barring electrical mal-

function, the stimulus button must be depressed through the entire stim-

ulus cycle with all contemporary U.S. ECT machines, because removal

of positive pressure will abort the stimulus. Devices made by MECTA

(http://www.mectacorp.com) and Somatics (http://www.thymatron.com)

precede the stimulus with a brief (about 1-second) delay. In both compa-

nies’ devices, the delay time and the duration of current flow are each as-

sociated with different audible signals

Remove the bite block, quickly check the oral cavity, and resume oxygenation.

Oxygenation of the patient should be continued by positive-pressure

ventilation following each stimulation. This should be continued until

spontaneous respiratory muscle movements are strong enough to main-

tain an adequate tidal volume.

Evaluate the seizure response (see Chapter 7 and Chapter 8). A general

evaluation for adequacy includes the following:


http://www.mectacorp.com
http://www.thymatron.com
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14.

15.

a.  Verify that seizure activity has occurred. The patient should demonstrate
tonic-clonic movements (primarily in the cuffed extremity) or an un-
equivocal ictal EEG response. The patient may demonstrate muscular
contraction during the electrical stimulus. This should not be con-
fused with seizure activity.

b.  If no seizure occurred, restimulate the patient within 20-30 seconds at
an increased stimulus intensity, unless either the device malfunctioned or
the stimulus was accidentally aborted. In such situations, restimula-
tion, this time at the same intensity, should be carried out after the
problem is resolved. The bite block should be carefully replaced be-
fore any restimulation.

c.  Measure the length of the seizure. Observation of the seizure has two
components: the motor response and the ictal response. Timing
begins at the conclusion of the electrical stimulus and lasts through
the termination of the tonic-clonic movements (motor response)
and the disappearance of ictal EEG activity (ictal response). Seizures
shorter than 20-25 seconds by either the motor or the EEG criterion
can be assumed to be inadequate unless evidence indicates that they
are clearly suprathreshold (see Chapter 11, “Managing the ECT Sei-
zure”).

d.  Ifan inadequate seizure occurred, restimulate the patient at least at a
50% higher level. Because of a brief refractory period, the practitio-
ner should wait 30-60 seconds before restimulating. Potential causes
of inadequate seizures should be investigated, and seizure augmen-
tation should be considered, particularly if maximum stimulus in-
tensity has been reached (see Chapter 11). Adequate relaxation and
anesthesia should be maintained during restimulation attempts;
achieving this may occasionally require small additional boluses of

anesthetic or muscle relaxant.

Deflate the cuff after the seizure activity ends or as required to prevent perfir-
sion complications in the cuffed extremity.

Verify the seizure completion. Seizure activity may continue after the motor
response has terminated. EEG monitoring (either auditory or visual) is
necessary to determine the seizure end point (see Chapter 8). However,
termination may not be clear in 10%—15% of all seizures. If termination
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16.

17.

has not clearly occurred, monitoring should be continued. Volitional move-
ments, spontaneous respiration, and awakening indicate that seizure ac-
tivity has ceased.

Document the medications, stimulus parameters, seizure response, and vital
signs. This documentation should be sufficient to allow a reasonable re-
construction of the treatment and its outcome, and provide information
about any changes in medications, stimulus parameters, or other treat-
ment-related factors that may be indicated at future treatments. If the pa-
tent had difficulty in regaining spontaneous respirations, a decreased dose
of succinylcholine and/or anesthetic should be considered for the next treat-
ment. If excessive motor activity occurred during the seizure, the dose of
succinylcholine should probably be increased during the next treatment.
Note whether any teeth were damaged during the procedure. Cardiovas-
cular complications, such as arrhythmias or unduly severe or prolonged
hypertensive episodes, should be noted. Consultations with a specialist
should be obtained for unusual or potentially dangerous complications.

Transfer the patient to the recovery area as soon as all three of the following
criteria are fulfilled:

* Spontaneous breathing has resumed.

*  Vital signs are moving toward stability.

e No complications require acute intervention.

However, the criteria for such transfer do not include full return to con-

sciousness.

Part 5: Patient Care in Recovery Area

When the patient is transported to the recovery area, the following actions

should be taken:

1.

Continue to monitor the patient’s vital signs and mental status (orienta-
tion) at least every 10—15 minutes while the patient is in the recovery area
(generally 15-20 minutes).

Remove the iv catheter after determining that the patient is medically stable,
unless the catheter is to remain for the next treatment. (This step usually
applies only to behaviorally stable patients receiving an index course of

ECT)
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3. Document the patient’s response. This step includes documentation of the
following:

*  Vital signs

¢ Mental status

*  Occurrence of adverse effects

*  Behavior (including presence of postictal delirium)

*  Medications administered in the recovery room (especially any
sedating or antihypertensive agents whose effects may still be present)

e Any other information that should be relayed to the staff in the post-
recovery area

4. Release the patient to the postrecovery area once vital signs and behavior are
stable, unless complications requiring immediate medical intervention are
present. In most facilities, a formal signout by the anesthesiologist is re-

quired before such release.

Part 6: Postrecovery Care

The final step of ECT administration is postrecovery care, which consists of
the following steps:

1. Return the patient to the ward (inpatients) or the postrecovery area (out-
patients). The area used for outpatients can be a designated freestanding
area, a portion of the inpatient unit, a partial hospital unit, or a periopera-
tive observation unit.

2. Monitor the patient’s vital signs and mental status (orientation) upon ar-
rival in the postrecovery area and at least hourly.

3. Administer postrecovery medications.

4. Provide food and drink to the patient.

5. Document the patient’s response. This step includes documentation of
vital signs, mental status, behavior (including presence of postictal delir-
ium), and medications administered in the postrecovery area.

6. Allow the patient to resume ward activities. If hospitalized, the patient is
able to resume ward activities as tolerated after physiological and behav-
joral stability has been achieved. However, patients who received anti-
hypertensive agents at the time of ECT should be considered at risk of
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falling and managed accordingly until the effects of such agents have
ended.

Discharge the patient from the postrecovery area. An outpatient can be
discharged to care of the family or significant other as soon as the patient
is behaviorally and physiologically stable. Usually, a signout from nursing
and/or medical staff is required, as well as the provision of a formal dis-
charge including limitations on activities, a contact person if problems
occur, and detailed instructions to prepare the patient for the next ECT
treatment (if applicable). Activities upon arrival home or other location
should be as tolerated. The patient should not drive or work on the day
of a treatment.
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Appendix A

Continuing Medical
Education Activities

A wide variety of continuing medical education (CME) and training activ-
ities on ECT exist, including didactic seminars, workshops, courses, symposia,
and practical training experiences. Regularly occurring ECT-related offerings
can be found in conjunction with the annual meetings of both the American
Psychiatric Association and the Association for Convulsive Therapy (held con-
currently). Weeklong practical training experiences at the following locations
also exist at the time of this writing:

Columbia Eastside Medical Center (Georgia)

Gary Figiel, M.D., Director
Columbia Eastside Medical Center
2160 Fountain Drive

Snellville, GA 30078

Telephone: (770) 982-2340

Fax: (770) 972-0805

Note: 3- to 5-day course offered by individual arrangement.
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Columbia University/New York State
Psychiatric Institute

Mitchell Nobler, M.D., Director
Department of Biological Psychiatry
New York State Psychiatric Institute
722 West 168th Street

New York, NY 10032

Telephone: (212) 543-5617

Fax: (212) 543-5854

Note: 5-day course offered approximately four times per year; 40 hours
CME credits.

Duke University Medical Center

Physician Fellowship

Richard Weiner, M.D., Ph.D., Director
Box 3309

Duke University Medical Center
Durham, NC 27710

Telephone: (919) 681-8742

Fax: (919) 681-8744

E-mail: rweiner@duke.edu

Note: 5-day course offered 20 times yearly; 40 CME credits.

Nursing Fellowship

Grace Gunderson-Falcone, R.N., M.S.N., A/GNP
Box 3309

Duke University Medical Center

Durham, NC 27710

Telephone: (919) 684-3996

Fax: (919) 681-7343

E-mail: falco003@mc.duke.edu

Note: 5-day course for nurses offered by individual arrangement.
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Long Island Jewish/Hillside Medical Center

Samuel Bailine, M.D., Charles Kellner, M.D., Max Fink, M.D.,
G. Petrides, M.D.

Long Island Jewish/Hillside Medical Center

Glen Oaks, NY 11004

Telephone: (516) 465-2512

Fax: (516) 862-8604

Note: 5-day course offered approximately six times per year by individual
arrangement; CME credit available.

University of Michigan

Daniel F. Maixner, M.D., Director; Anne Flanagan, R.N., Director of
Half-Day Training for Nurses

UH-9C Box 0120

1500 East Medical Center Drive

Ann Arbor, MI 48109

Telephone: (734) 936-4960

Fax: (734) 936-9983

Note: Course available upon request; 1-week course for those beginning
an ECT practice and 1-day course for current ECT practitioners

Western Psychiatric Institute and Clinic/
University of Pittsburgh Medical Center

Petronilla Vaulx-Smith, M.D., Ph.D., Director
Room 1070

Electroconvulsive Therapy Services

Western Psychiatric Institute and Clinic

3811 O’Hara Street

Pitesburgh, PA 15213

Telephone: (412) 246-5063

Fax: (412) 246-5065

Email: vaulx-smithpm@upmc.edu

Note: 5-day course offered quarterly; 40 CME credits
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Appendix B

Educational Materials

Materials for Health Care Providers

Books

AbramsR: Electroconvulsive Therapy, 4th Edition. New York, Oxford University Press,
2002

American Psychiatric Association: The Practice of Electroconvulsive Therapy: Recom-
mendations for Treatment, Training, and Privileging, 2nd Edition. Washington,
DC, American Psychiatric Publishing, 2001

Ottoson J-O: Ethics in Electroconvulsive Therapy. New York, Routledge, 2004

Shorter E, Healy D: Shock Therapy: A History of Electroconvulsive Treatment in
Mental Illness. Piscataway, NJ, Rutgers University Press, 2007

Journal

The Journal of ECT (previously Convulsive Therapy, published quarterly). New York,
Lippincott Williams & Wilkins

Materials for Patients and Families

Books

Dukakis K, Tye L: Shock: The Healing Power of Electroconvulsive Therapy. New York,
Avery, 2006

Fink M: Electroshock: Healing Mental Illness. New York, Oxford University Press,
2002

Fink M: Electroconvulsive Therapy: A Guide for Professionals and Their Patients. New
York, Oxford University Press, 2008
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Video

Dukakis K: Shock. Dallas, TX, AMS Pictures, 2007

Twelve individuals who underwent ECT discuss the treatment and their
psychiatric disorders. The video is based on the 2006 book, listed above, by
Dukakis and Tye.
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Patient Information Sheet

What Is ECT?

ECT is a treatment for severe episodes of major depression, mania, and some
types of schizophrenia. It involves the use of a brief, controlled electrical cur-
rent to produce a seizure within the brain. This seizure activity is believed to
bring about certain biochemical changes that may cause your symptoms to
diminish or even to disappear. A series of seizure treatments, generally 6-12,
given at a rate of 3 per week, is required to produce such a therapeutic effect,
although sometimes a smaller or larger number may be necessary.

How Is ECT Administered?

ECT is usually administered three times per week, on Monday, Wednesday,
and Friday mornings. You will not eat or drink after midnight the night be-
fore each treatment. Before the treatment, a small needle is placed in an arm
vein so that later, at the time of the treatment, the medications used to put
you to sleep and relax your muscles can be given through that needle. The
treatment itself is given in a special ECT treatment suite, located not far from
the ward. ECT is administered by a team of doctors who have had specialized
training and experience in this type of treatment. You will be brought into the
treatment room and asked to lie down on a comfortable stretcher, after which
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a blood pressure cuff will be placed on your arm and ankle. A number of elec-
trodes will be placed on your scalp, chest, and finger so that brain waves
(electroencephalogram), heart waves (electrocardiogram), and body oxygen
levels can be monitored and so that the electrical stimulus can later be given
after you are asleep. You will then be provided oxygen to breathe by mask, and
any pre-ECT medications, if indicated, will be given, followed by the anes-
thetic medication itself, which will put you to sleep.

Within a minute after the injection of the anesthetic medication, you will
be asleep, and the medication being used to relax your muscles will be given.
Within 1-3 minutes, your muscles will be relaxed. A controlled electrical stim-
ulus, lasting a fraction of a second to several seconds, will then be applied across
the two stimulus electrodes, which will be placed either on both temples (bilat-
eral ECT) or on the right temple and top of the head (unilateral ECT). As will
be described later, unilateral ECT has less effect on memory than bilateral ECT.
However, some doctors believe that it may not be as effective in some patients.
The electrical stimulus will trigger a seizure within the brain, which typically
lasts around a minute. The muscular response to the seizure is greatly reduced
by the muscle relaxant drug given before the stimulation. Very little body move-
ment occurs.

A few minutes after the seizure, when you are breathing well on your own,
you will be moved to a nearby room, where you will wake within 5-10 minutes.
Because of the anesthetic drug and the effects of having had the seizure, you
will temporarily feel somewhat groggy. Usually within 15-25 minutes after
leaving the treatment room, you will be returned to your room (if you are an
inpatient), or you will go to another area of the treatment suite (if you are an
outpatient), where you will wait until you are ready to leave the hospital (typ-
ically about an hour).

Is ECT Effective?

Although there have been many advances in the treatment of mental disorders
in recent years, ECT remains the most effective, fastest, and/or safest treat-
ment for some cases, particularly when alternative treatments, usually medi-
cations, are either ineffective or not safe. Your doctor will discuss with you
why ECT is being recommended in your case and what alternative treatments
may be available. ECT is most effective in major depression, where it has a
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strong beneficial effect in up to 80%—-90% of patients, depending on the case.
Still, there is no guarantee that ECT or, for that matter, any other treatment
will be effective. In addition, although a series of ECT treatments (or an al-
ternative treatment) may bring an episode of illness to an end, it will not in
itself prevent another episode from occurring weeks, months, or years later.
Therefore, you and your doctor will need to consider additional treatment to
follow any ECT that you receive. Such treatment generally consists of medi-
cation, psychotherapy, or additional ECT (given to you as an outpatient at a
much less frequent rate).

Is ECT Safe?

All treatments have risks and side effects, as does no treatment at all. Before
ECT, you will undergo a medical, psychiatric, and laboratory evaluation to
make sure that the treatments can be administered in the safest, most effective
manner possible. Your medications may also be adjusted to minimize the risk
and maximize the effectiveness of the treatments. For most patients, the side
effects of ECT are relatively minor. The risk of death is very rare—about 1 per
10,000 patients for typical cases, but can be higher for individuals with some
serious coexisting medical illnesses. Serious complications, which are also
quite rare, include temporary or permanent heart abnormalities; reactions to
the medication used at the times of the treatment; injuries to muscle, bones,
or other parts of the body; and greatly prolonged seizures or seizures occurring
after the treatment. More common side effects involve headache, muscle sore-
ness, nausea, confusion, and memory difficulties. Headache, muscle soreness,
and nausea are usually mild and can be prevented or at least diminished by
medications.

Confusion and memory problems may build up over a course of ECT,
but they diminish as soon as the treatments have stopped. Because mental dis-
orders themselves often have harmful effects on memory function, however,
in the long term, some patients successfully treated with ECT actually report
an improvement in memory. When memory problems do occur, they vary
considerably from patient to patient, but the problems are usually greater for
patients having a larger numbers of treatments or for patients who have both
sides of the head stimulated (bilateral ECT). Because of the possibility of
memory loss, important life decisions should be postponed until any major
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negative effects of ECT on memory have worn off (usually within 1-2 weeks
following completion of the treatment course).

ECT-related memory problems can be of two types: 1) a difficulty re-
membering new information and 2) a loss of some memories from the past,
particularly the recent past (e.g., during and just before receiving ECT). The
ability to learn and remember new information typically returns to one’s usual
level over a period of days to weeks after ECT. The ability to remember ma-
terial from the past—that is, before ECT—likewise tends to return to normal
over a similar period, except that some memories from the recent past, mainly
days to months before the treatments, may be delayed in recovery or even per-
manently lost. Patient surveys have indicated that most patients receiving
ECT are not greatly disturbed by memory effects and would have ECT again
if physicians recommended it.

Other Information About ECT

Please feel free to ask your doctors or nursing staff any questions you have about
ECT. Various types of information, including videotapes, are available concern-
ing this treatment. You should understand that ECT is a treatment to which
you (or your legal guardian, if applicable) must consent on a voluntary basis,
and that consent for future treatments can be withdrawn at your (or your guard-
ian’s) request at any time.
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Sample ECT Consent Forms

Note: Thesearesampledocumentsand, if used in a particular clinical setting,
should be modified to be consistent with local policies, procedures, and re-
quirements.

Reprinted from American Psychiatric Association: The Practice of Electro-
convulsive Therapy: Recommendations for Treatment, Training, and Privileging,
2nd Edition. A Task Force Report of the American Psychiatric Association.
Washington, DC, American Psychiatric Association. Copyright 2001. Used
with permission.
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Electroconvulsive Therapy (ECT) Consent Form:
Acute Phase

Name of Patient:

My doctor, , has recommended that I

receive treatment with electroconvulsive therapy (ECT). This treatment, in-
cluding the risks and benefits that I may experience, has been fully described
to me. I give my consent to be treated with ECT.

Whether ECT or an alternative treatment, like medication or psychother-
apy, is most appropriate for me depends on my prior experience with these
treatments, the features of my illness, and other considerations. Why ECT
has been recommended for me has been explained.

ECT involves a series of treatments that may be given on an inpatient or
outpatient basis. To receive each treatment I will come to a specially equipped
area in this facility. The treatments are usually given in the morning. Because
the treatments involve general anesthesia, I will have had nothing to eat or
drink for several hours before each treatment. Before the treatment, a small
needle will be placed in my vein so that I can be given medications. An anes-
thetic medication will be injected that will quickly put me to sleep. I will then
be given another medication that will relax my muscles. Because I will be
asleep, I will not experience pain or discomfort or remember the procedure.
Other medications may also be given depending on my needs.

To prepare for the treatment, monitoring sensors will be placed on my
head and body. Blood pressure cuffs will be placed on an arm and leg. This
monitoring involves no pain or discomfort. After I am asleep, a carefully con-
trolled amount of electricity will be passed between two electrodes that have
been placed on my head.

I may receive bilateral ECT or unilateral ECT. In bilateral ECT, one elec-
trode is placed on the left side of the head, the other on the right side. In uni-
lateral ECT, both electrodes are placed on the same side of the head, usually
the right side. Right unilateral ECT (electrodes on the right side) is likely to
produce less memory difficulty than bilateral ECT. However, for some pa-
tients bilateral ECT may be a more effective treatment. My doctor will care-
fully consider the choice of unilateral or bilateral ECT.
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The electrical current produces a seizure in the brain. The amount of elec-
tricity used to produce the seizure will be adjusted to my individual needs,
based on the judgment of the ECT physician. The medication used to relax
my muscles will greatly soften the contractions in my body that would ordi-
narily accompany the seizure. I will be given oxygen to breathe. The seizure
will last for approximately 1 minute. During the procedure, my heart, blood
pressure, and brain waves will be monitored. Within a few minutes, the anes-
thetic medications will wear off and I will awaken. I will then be observed un-
til it is time to leave the ECT area.

The number of treatments that I will receive cannot be known ahead of
time. A typical course of ECT is 6 to 12 treatments, but some patients may
need fewer and some may need more. Treatments are usually given three
times a week, but the frequency of treatment may also vary depending on my
needs. If I need more than treatments, my written consent will be
reobtained.

ECT is expected to improve my illness. However, I understand that I may
recover completely, partially, or not at all. After ECT, my symptoms may re-
turn. How long I will remain well cannot be known ahead of time. To make
the return of symptoms less likely after ECT, I will need additional treatment
with medication, psychotherapy, and/or ECT. The treatment I will receive to
prevent the return of symptoms will be discussed with me.

Like other medical treatments, ECT has risks and side effects. To reduce
the risk of complications, I will receive a medical evaluation before starting
ECT. The medications I have been taking may be adjusted. However, in spite
of precautions, it is possible that I will experience a medical complication. As
with any procedure using general anesthesia, there is a remote possibility of
death from ECT. The risk of death from ECT is very low, about 1 in 10,000
patients. This rate may be higher in patients with severe medical conditions.
ECT very rarely results in serious medical complications, such as heart attack,
stroke, respiratory difficulty, or continuous seizure. More often, ECT results
in irregularities in heart rate and rhythm. These irregularities are usually mild
and short lasting but in rare instances can be life threatening. With modern
ECT technique, dental complications are infrequent and bone fractures or
dislocations are very rare.

If serious side effects occur, I understand that medical care and treatment
will be instituted immediately and that facilities to handle emergencies are



202 Clinical Manual of Electroconvulsive Therapy

available. I understand, however, that neither the institution nor the treating
physicians are required to provide long-term medical treatment. I shall be re-
sponsible for the cost of such treatment whether personally or through med-
ical insurance or other medical coverage. I understand that no compensation
will be paid for lost wages or other consequential damages.

The minor side effects that are frequent include headache, muscle sore-
ness, and nausea. These side effects usually respond to simple treatment.
When I awaken after each treatment, I may be confused. This confusion usu-
ally goes away within 1 hour. During the treatment course I may have new
difficulties in attention and concentration and other aspects of thinking.
These problems rapidly go away after completion of ECT.

I understand that memory loss is a common side effect of ECT. The mem-
ory loss with ECT has a characteristic pattern, including problems remember-
ing past events and new information. The degree of memory problems is
often related to the number and type of treatments given. A smaller number
of treatments is likely to produce less memory difficulty than a larger number.
Shortly following a treatment, the problems with memory are greatest. As
time from treatment increases, memory improves.

I may experience difficulties remembering events that happened before
and while I received ECT. The spottiness in my memory for past events may
extend back to several months before I received ECT, and, less commonly, for
longer periods of time, sometimes several years or more. Although many of
these memories should return during the first few months following my ECT
course, I may be left with some permanent gaps in memory.

For a short period following ECT, I may also experience difficulty in re-
membering new information. This difficulty in forming new memories
should be temporary and typically disappears within several weeks following
the ECT course.

The majority of patients state that the benefits of ECT outweigh the
problems with memory. Furthermore, most patients report that their mem-
ory is actually improved after ECT. Nonetheless, a minority of patients report
problems in memory that remain for months or even years. The reasons for
these reported long-lasting impairments are not fully understood. As with any
medical treatment, people who receive ECT differ considerably in the extent
to which they experience side effects.
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Because of the possible problems with confusion and memory, I should
not make any important personal or business decisions during or immediately
after the ECT course. During and shortly after the ECT course, and until dis-
cussed with my doctor, I should refrain from driving, transacting business, or
other activities for which memory difficulties may be troublesome.

The conduct of ECT at this facility is under the direction of Dr.

I may contact him/her at if T have further questions.

I am free to ask my doctor or members of the ECT treatment team ques-
tions about ECT at this time or at any time during or following the ECT
course. My decision to agree to ECT is being made voluntarily, and I may
withdraw my consent for further treatment at any time.

I have been given a copy of this consent form to keep.

Signature Date

Person Obtaining Consent:

Name Signature
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Electroconvulsive Therapy (ECT) Consent Form:
Continuation/Maintenance Treatment

Name of Patient:

My doctor, , has recommended that I re-

ceive continuation or maintenance treatment with electroconvulsive therapy
(ECT). This treatment, including the risks and benefits that I may experience, has
been fully described to me. I give my consent to be treated with this type of ECT.

I will receive ECT to prevent return of my illness. Whether ECT or an al-
ternative treatment, like medication or psychotherapy, is most appropriate for
me at this time depends on my prior experience with these treatments in pre-
venting the return of symptoms, the features of my illness, and other consid-
erations. Why continuation/maintenance ECT has been recommended for
me has been explained.

Continuation/maintenance ECT involves a series of treatments, with each
usually separated in time by 1 or more weeks. Continuation/maintenance ECT
is usually given for a period of several months or longer. These treatments
may be given on an inpatient or outpatient basis.

To receive each continuation/maintenance treatment I will come to a spe-
cially equipped area in this facility. The treatments are usually given in the
morning. Because the treatments involve general anesthesia, I will have had
nothing to eat or drink for several hours before each treatment. Before the
treatment, a small needle will be placed in my vein so that I can be given med-
ications. An anesthetic medication will be injected that will quickly put me
to sleep. I will then be given another medication that will relax my muscles.
Because I will be asleep, I will not experience pain or discomfort or remember
the procedure. Other medications may also be given depending on my needs.

To prepare for the treatment, monitoring sensors will be placed on my
head and body. Blood pressure cuffs will be placed on an arm and leg. This
monitoring involves no pain or discomfort. After I am asleep, a carefully con-
trolled amount of electricity will be passed between two electrodes that have
been placed on my head.

I may receive bilateral ECT or unilateral ECT. In bilateral ECT, one elec-
trode is placed on the left side of the head, the other on the right side. In uni-
lateral ECT, both electrodes are placed on the same side of the head, usually
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the right side. Right unilateral ECT (electrodes on the right side) is likely to
produce less memory difficulty than bilateral ECT. However, for some pa-
tients bilateral ECT may be a more effective treatment. My doctor will care-
fully consider the choice of unilateral or bilateral ECT.

The electrical current produces a seizure in the brain. The amount of elec-
tricity used to produce the seizure will be adjusted to my individual needs,
based on the judgment of the ECT physician. The medication used to relax
my muscles will greatly soften the contractions in my body that would ordi-
narily accompany the seizure. I will be given oxygen to breathe. The seizure
will last for approximately 1 minute. During the procedure, my heart, blood
pressure, and brain waves will be monitored. Within a few minutes, the anes-
thetic medications will wear off and I will awaken. I will then be observed un-
til it is time to leave the ECT area.

The number of continuation/maintenance treatments that I will receive
will depend on my clinical course. Continuation ECT is usually given for at
least 6 months. If it is felt that continuation ECT is helpful and should be
used for a longer period (maintenance ECT), I will be asked to consent to the
procedure again.

ECT is expected to prevent the return of my psychiatric condition. Al-
though for most patients ECT is effective in this way, I understand that this
cannot be guaranteed. With continuation/maintenance ECT I may remain
considerably improved or I may have a partial or complete return of psychi-
atric symptoms.

Like other medical treatments, ECT has risks and side effects. To reduce the
risk of complications, I will receive a medical evaluation before starting ECT.
The medications I have been taking may be adjusted. However, in spite of pre-
cautions, it is possible that I will experience a medical complication. As with
any procedure using general anesthesia, there is a remote possibility of death
from ECT. The risk of death from ECT is very low, about one in 10,000 pa-
tients. This rate may be higher in patients with severe medical conditions.

ECT very rarely results in serious medical complications, such as heart at-
tack, stroke, respiratory difficulty, or continuous seizure. More often, ECT re-
sults in irregularities in heart rate and rhythm. These irregularities are usually
mild and short lasting, but in rare instances can be life threatening. With mod-
ern ECT technique, dental complications are infrequent and bone fractures
or dislocations are very rare.
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If serious side effects occur, I understand that medical care and treatment
will be instituted immediately and that facilities to handle emergencies are
available. I understand, however, that neither the institution nor the treating
physicians are required to provide long-term medical treatment. I shall be re-
sponsible for the cost of such treatment whether personally or through med-
ical insurance or other medical coverage. I understand that no compensation
will be paid for lost wages or other consequential damages.

The minor side effects that are frequent include headache, muscle sore-
ness, and nausea. These side effects usually respond to simple treatment.

When I awaken after each treatment, I may be confused. This confusion
usually goes away within 1 hour.

I understand that memory loss is a common side effect of ECT. The mem-
ory loss with ECT has a characteristic pattern, including problems remember-
ing past events and new information. The degree of memory problems is often
related to the number and type of treatments given. A smaller number of treat-
ments is likely to produce less memory difficulty than a larger number. Shortly
following a treatment, the problems with memory are greatest. As time from
treatment increases, memory improves.

I may experience difficulties remembering events that happened before and
while I received ECT. The spottiness in my memory for past events may extend
back to several months before I received ECT, and, less commonly, for longer
periods of time, sometimes several years or more. Although many of these
memories should return during the first few months following continuation/
maintenance ECT, I may be left with some permanent gaps in memory.

For a short period following each treatment, I may also experience difficulty
in remembering new information. This difficulty in forming new memories
should be temporary and will most likely disappear following completion of
continuation/maintenance ECT.

The effects of continuation/maintenance ECT on memory are likely to be
less pronounced than those during an acute ECT course. By spreading treat-
ments out in time, with an interval of a week or more between treatments, there
should be substantial recovery of memory between each treatment.

Because of the possible problems with confusion and memory, it is im-
portant that I not drive or make any important personal or business decisions

the day that I receive a continuation/maintenance treatment. Limitations on
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my activities may be longer depending on the side effects I experience follow-
ing each treatment and will be discussed with my doctor.

The conduct of ECT at this facility is under the direction of Dr.

I may contact him/her at if I have further questions.

I am free to ask my doctor or members of the ECT treatment team ques-
tions about ECT at this time or at any time during or following the ECT
course. My decision to agree to continuation/maintenance ECT is being made
voluntarily, and I may withdraw my consent for future treatment at any time.

I have been given a copy of this consent form to keep.

Signature Date

Person Obtaining Consent:

Name Signature
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Action potentials, 50
Adalat. See Nifedipine
Administration of ECT, 6, 169-188
modifying procedure for, 28, 33
patient care in recovery area,
185-186
patient evaluation for, 27-41,
169-171, 170
patient information about, 195-196
patient preparation in treatment
room, 173-179, 179
patient preparation on day of
treatment, 171, 171-173, 172
postrecovery care, 186—187
treatment protocol for, 179-185,
180
Adolescents, 20
Adverse effects of ECT, 27, 139-147.
See also Safety of ECT
cardiovascular effects, 129-134,
130, 145-146
cognitive changes, 141-145
in elderly persons, 21
lithium and, 33
mortality, 140-141, 145
patient information about, 197-198
somatic complaints, 139, 146-147

Age, preselected dose based on, 69-70
Airway management, 84, 181
Alcohol withdrawal, 62
Alfenta. See Alfentanil
Alfentanil, 82
Alpha rhythm, 106
American Academy of Child and
Adolescent Psychiatry, 20
American Psychiatric Association, 17,
20, 40, 189
Amidate. See Etomidate
Amphetamines, 62
Amplitude of electroencephalogram
signals, 105-106, 126, 127
Analgesics, 34, 146-147
Anectine. See Succinylcholine
Anesthesia, 6, 81, 82-84
acute confusional state after, 89-90,
141
administration of, 181
cardiovascular effects of, 131
changes in regimen for seizure
augmentation, 154
dosage for, 83
electroencephalogram during, 106,
107, 110
goal of, 82
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Anesthesia (continued)
idiosyncratic reactions to, 146
inhalational, 84
nausea/vomiting after, 28
observing patient for action of, 181
pre-ECT evaluation for, 28, 31,
32-33
for restimulation after missed
seizure, 150-151
seizure duration related to dose of,
60
to terminate prolonged seizure, 156
Aneurysms, 29, 140
Anoxia, 146
Anterograde amnesia after ECT, 143
Antianginal agents, 146
Antiarrhythmic agents, 34
Antibiotics, interaction with
succinylcholine, 85
Anticholinergic agents, 34-35, 81, 83,
87-88, 146, 180
Anticholinesterase agents, interaction
with succinylcholine, 85-86
Anticonvulsants, 62, 150
combined with ECT in
schizoaffective disorder, 18
management for ECT, 33-34, 37
Antidepressants, 3, 6, 21, 163
efficacy vs. ECT, 10, 12
management for ECT, 34
tricyclic, 12, 34, 62
Antidiabetic agents, 36
Antihypertensive agents, 34, 83, 88-89
Antimanic agents, 6, 14, 18, 163
Antipsychotics, 3, 5-6, 21, 33, 62, 163
combined with ECT for
schizophrenia, 17-18
efficacy vs. ECT for schizophrenia, 16
for mania, 14

Antireflux agents, 34
Antisocial behavior, 18
Anxiety before ECT, 91, 131, 173, 174,
176
Anxiety disorders, 18
Arrhythmias, 29, 35, 87, 145-146
ECT in patients with cardiac
pacemakers or defibrillators
for, 35-36, 133, 134
Artifacts on electroencephalogram, 106,
114-117, 116
effect on determination of seizure
end point, 118, 120
effect on electrocardiogram
interpretation, 117, 134, 134
electrocardiographic artifact, 117
electrode contact artifact, 117
movement artifact, 117
muscle artifact, 115
Aspiration, 87
Association for Convulsive Therapy,
189
Asthma, 35, 36
Asystole, 87, 88, 131, 132
Ativan. See Lorazepam
Atracurium, 83, 86
Atrial ectopy, 87
Atropine, 34, 83, 86, 87, 180

Barbiturates, 3, 32, 62, 82, 83, 150,
154
Benzodiazepines, 33, 62, 90
dosages of, 83
flumazenil reversal of, 33, 83,
90-91, 181
to terminate prolonged seizure, 156
withdrawal from, 156
Beta rhythm, 106
Beta-blockers, 35, 83, 88, 146
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Bini, Lucio, 5, 48
Biological antagonism, 4
Bipolar disorder, 14, 147, 163.
See also Mania
Bite block, 29, 147
insertion of, 182
removal of, 183
Blood pressure
ECT effects on, 130, 131-132,
145-146
monitoring of, 97, 129-130, 174
Bradycardia, 87, 131, 132, 146
Brain structural changes from ECT, 141
Brevibloc. See Esmolol
Brevital. See Methohexital
Brief Psychiatric Rating Scale, 16
Brief pulse ECT, 47, 48, 49
dose-titration techniques for, 63,
63-66, 67
preselected-dose techniques for,
71-72
stimulus intensity for, 50, 61
unilateral vs. bilateral, 61
Bromides, 3
Bronchodilators, 35

Caffeine, 152, 154, 156
Calculated-dose paradigm, 69
Camphor, 4-5
Carbon dioxide level, 150, 152
Cardene. See Nicardipine
Cardiac monitors, 129-130
Cardiovascular disease, 29, 30, 31,
35-36, 133, 140, 141
ECT for patients with pacemakers
or defibrillators for, 35-36,
133, 134
effects of caffeine in, 154

sympatholytic agents for patients
with, 83, 88-89, 180
Cardiovascular response to ECT,
129-134, 130, 139, 145-146
equipment for monitoring of,
129-130
multiple monitored ECT and, 160
stages of, 131
Catatonia
depression with, 12
electrode placement in, 75
hyperkalemia and, 86
schizophrenia with, 16, 17
Cerebral dominance, determination for
electrode placement, 76
Cerebral oxygen consumption, 89
Cerebrovascular malformations, 29,
140
Cerletti, Ugo, 5, 48
Charge, 54, 55
Chemical convulsive therapy, 4
Chest X ray, 31
Children, 20
Chloral hydrate, 3
Chronic obstructive pulmonary disease,
35, 89
Cisatracurium, 83, 86, 181
Clinical applications of ECT, 59-77
electrode placement, 73-77, 74
seizure adequacy, 60-61, 151
stimulus dosing, 59-60
stimulus dosing strategies, 61-73,
63-72
stimulus intensity, 61
Clinical Global Impression scale, 160
Clipping of waveforms, 109, 109
Clothing for ECT, 172
Clozapine, 18
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CME (continuing medical education)

activities, 189-191

Cognitive assessment, 31, 76

Cognitive effects of ECT, 21, 74, 139,

141-145

caffeine and, 154

electrode placement and, 74, 75, 76, 77

factors associated with, 142

interictal confusion, 142

lithium and, 33

memory impairment, 142-145

multiple monitored ECT and, 160

patient information about,
197-198

postictal disorientation, 141-142

stimulus intensity and, 60, 61, 65

vs. structural brain changes, 141

treatment frequency and, 159-160,
165

Columbia Eastside Medical Center

(Georgia), 189

Columbia University/New York State

Psychiatric Institute, 190

Computed tomography, 31, 77

Confusional state

interictal, 142
postictal, 89-90, 141-142, 197

Constant-current and constant-voltage

devices, 50-51

Continuation ECT, 21, 164. See also

Maintenance ECT
combined with antipsychotics in
schizophrenia, 17-18, 163
criteria for, 165
in depression, 163
informed consent for, 39, 199-207
timing of treatments for, 164

Continuing medical education (CME)

activities, 189-191

Contraindications to ECT, 29, 140,
140
Coronary artery disease, 35, 141
Course of ECT treatment
determining maximal clinical
response, 160
frequency of treatments, 159-160
multiple monitored ECT, 160
number of treatments, 160-161,
165
seizure threshold over, 60, 6566,
126, 150
termination of, 161
Cuff technique, 90, 99-100
deflation of cuff, 184
initiation of, 181
preparing leg for, 175-176
Current, 55
charge, energy and, 54
constant-current device, 50-51,
54
density of, 52
scalp shunting of, 52
stimulus waveforms and, 48,
48-49
voltage, impedance and, 50, 51
Custodial care, 3

Delayed onset of seizure activity, 150
d’Elia electrode placement, 74,
176-178, 177
Delirium, postictal, 90
Delta rhythm, 106
Delusional depression, 12
Dementia
depression with, 141
electrode placement in, 75
Dementia praecox, 4
Dentition, 28, 29, 147, 174, 182
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Dentures and dental appliances, 147,
172, 174
Depression, 10-13
with catatonic features, 12
clinical features of, 10
delusional, 12
diagnostic criteria for, 11
effectiveness of ECT for, 10, 12,
196-197
electrode placement in, 75, 76-77
late-life, 20-21
maintenance ECT in, 163
melancholic, 10
predictors of ECT response in,
10-12
prevalence of, 9
as primary diagnosis for ECT,
12-13, 18-19
with pseudodementia, 141
psychotic, 163
rating scales for, 160
in schizoaffective disorder, 18
treatment options after ECT for,
163
treatment response in, 10
Diabetes mellitus, 29, 36, 166
Diazepam, 83, 90, 156
Digoxin, interaction with
succinylcholine, 85
Diphenhydramine, 33
Diprivan. See Propofol
Discharge of patient, 187
Disorientation, postictal, 141-142
Documentation
audible and paper EEG recordings,
107
of ECT treatment, 185
of pre-ECT evaluation, 38
Dominant frequency, 106, 122

Dose-titration techniques, 61, 62-68,
179
advantages and disadvantages of,
72-73
for brief pulse ECT, 63, 63-66
for ultra-brief-pulse ECT, 63,
68-70
Dressing for ECT, 172
Drinking before ECT, 34, 36, 172
Driving after ECT, 187
DSM-IV-TR
major depressive episode in, 11
manic episode in, 13
schizophrenia in, 15-16
Duke University Medical Center, 190
Dysthymia, 12, 18

Eating before ECT, 34, 36, 172
Eating disorders, 18
ECG. See Electrocardiogram
ECT. See Electroconvulsive therapy
Educational materials about ECT
for health care providers, 32, 193
for patients and families, 40, 193-194
patient information sheet,
195-198
EEG. See Electroencephalogram
Effectiveness of ECT, 5, 6
for depression, 10, 12, 196-197
in elderly persons, 20-21
for mania, 14
for medical disorders, 19
for other psychiatric disorders,
18-19
patient information about, 196-197
for schizoaffective disorder, 18
for schizophrenia, 16-17
combined with antipsychotics,
17-18



214 Clinical Manual of Electroconvulsive Therapy

Elderly patients, 20-21
electrode placement for, 75
informed consent by, 40
maintenance ECT for, 163
preselected-dose strategy based on
age, 69
seizure duration in, 60
Flectrical stimulus, 47, 49—50
administration of, 183
blockade of EEG activity during,
110, 111
cardiovascular effects of, 131
current, voltage, and impedance of,
50
dosing of, 59-60 (See also Stimulus
dosing)
strategies for, 61-73
intensity of, 54, 61 (See also
Stimulus intensity)
mode of delivery of, 50-51
seizure threshold and, 49-50
total amount of electricity delivered
by, 54
Electrical waveforms, 47—49, 48
seizure threshold and, 49-50
Electrocardiogram (ECG), 30, 31, 35
applying electrodes for, 174
peaked T waves on, 132-133, 133
Electrocardiographic artifact, 116, 117,
134, 134
Electroconvulsive therapy (ECT)
administration of, 6, 169-187
adverse effects of, 139-147
in cardiovascular disease, 29, 30, 31,
35-36
clinical applications of, 59-77
continuation, 163, 164, 165
continuing medical education on,

189-191

contraindications to, 29, 140, 140

documentation of, 185

effectiveness of, 5, 6

for elderly patients, 20-21

evaluation for, 27-35, 169-171,
170

frequency of treatments with,
159-160

history of, 3—7

index, 159-161

indications for, 9-19, 38

informed consent for, 28, 31,
38-41, 39, 199-207

as initial treatment of choice, 38

inpatient vs. outpatient, 32

maintenance, 163—166

mechanism of action of, 5

media portrayals of, 6, 18-19

medication management for,
33-35, 62

multiple monitored, 160

number of people receiving, 7

number of treatments with,
160-161, 165

obtaining data about previous use
of, 28

patient information sheet about,
195-198

patient monitoring during, 97

patterns of use of, 57

for pediatric patients, 20

primary vs. secondary use of, 19-20

referral for, 29, 32

for remission vs. cure, 21

safety of, 6

sham, 5, 21

speed of action of, 7

stigma of, 6, 9

timing of, 9, 19-20
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treatment algorithms for, 19-20
treatment protocol for, 179-196,
180
Electroconvulsive therapy (ECT)

devices, 56. See also specific devices

charge and energy of, 54
constant-current vs. constant-
voltage, 50-51
dose-titration techniques for,
brief-pulse ECT, 63-65
ultra-brief-pulse ECT, 66-68
EEG monitoring capability of, 55,
107
EEG-based dosing techniques for,
71-72
impedance for, 53
preselected-dose techniques for,
71-72
specifications of, 54, 55
stimulus administration with, 183
Electrode contact artifact, 116, 117
Electrode placement
for electrocardiography, 174
for electroencephalography, 108,
108-109, 175
disposable pediatric electrodes,
109, 175
for electromyography, 100, 101, 175
Electrode placement for ECT, 73-77
bifrontal, 76-77
bilateral vs. right unilateral, 73-76,
74, 176-178, 177
cognitive side effects and, 74, 75,
76,77
conductive gel for, 178

d’Elia placement, 74, 176-178, 177

determining cerebral dominance for,

76
dose titration and, 64

headband for, 74, 176, 177, 178

impedance and, 52, 53, 53

inadequate coupling to scalp, 52,
53, 150

medical conditions affecting, 28,
29, 33, 37,51

other options for, 77

in patients with skull defects, 29,
33,37,51,77

procedure for, 176-178, 177

seizure threshold and, 61, 62

skin preparation for, 176, 178

steel electrodes, 178

stimulus intensity and, 75

Electrode size, impedance and, 53
Electroencephalogram (EEG), 31, 106

amplitude of signals on, 105-106,
126, 127
during anesthesia, 106, 107, 110
artifacts on, 106, 114-117, 116
effect on determination of
seizure end point, 118, 120
effect on electrocardiogram
interpretation, 117, 134,
134
delta, theta, alpha, and beta rhythms
on, 106
EEG-based dosing, 61-62, 70-72
limitations of, 73
electrode placement for, 108,
108-109, 175
disposable pediatric electrodes,
109, 175
frequency of signals on, 105, 106,
126, 127
dominant frequency, 106, 122
ictal EEG monitoring, 97, 98,
105-126
prestimulus, 110, 121



216 Clinical Manual of Electroconvulsive Therapy

Electroencephalogram (EEG) (continued)
seizure duration on, 60, 66-67, 67,
126
setting the display and printout gain
for, 109-110, 118
clipping of waveforms, 109, 109
during waking state, 105-106, 106,
107
Electromyography (EMG) activity
recording, 97, 100-101, 101-102
placing electrodes or optical motion
sensor for, 100, 101, 175
Encephalopathy, 33
Endocrinopathies, 19
Endotracheal intubation, 156, 181
Energy, 54, 55
Epilepsy, 4, 19, 29, 37, 156. See also
Seizures
Epileptic recruiting rhythm, 112
Esmolol, 83
Etomidate, 83, 84
Evaluation for ECT, 27-41, 169-171
anesthesia evaluation, 32-33
in asthma, 35, 36
in cardiovascular disease, 29, 30,
35-36
on day of treatment, 173
in diabetes, 36
in epilepsy, 29, 37
goals of, 28
in head trauma patients, 28, 29, 37
inpatient vs. outpatient ECT, 32
laboratory tests and special
examinations, 30, 30-31, 31
major components of, 170
medical assessment, 28-30, 29
medication management, 33-35
memory testing, 31, 144
modifications of ECT procedure, 33

obtaining informed consent, 28, 31,
38-41, 39, 199-207

in pregnancy, 37

protocol for, 31, 31

reevaluation for maintenance ECT,
165-166

risk-benefit analysis, 27-30, 37-38

sample routine orders for, 170, 170

writing the consultation for, 38

Fentanyl, 82
Fentora. See Fentanyl
Fetal monitoring, 37
Fixed-dose paradigm, 68-69
Flumazenil, 33, 83, 90-91, 181
Food or drink before ECT, 34, 36, 172
Fractures, 84
Frequency of ECT treatments,
159-160
for continuation ECT, 164
for maintenance ECT, 165
Frequency of electroencephalogram
signals, 105, 106, 126, 127
dominant frequency, 106, 122

Gender
dose titration based on, 62, 63—65,
64
preselected dose based on, 70
seizure threshold and, 61, 62
Glaucoma, 29, 35, 85
Glycemic control, 36
Glycopyrrolate, 34, 83, 87, 180

Haldol. See Haloperidol

Haloperidol, 83, 90

Hamilton Rating Scale for Depression,
160

Handedness, 28
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Head trauma, 28, 29, 37, 77
Headache, 146, 197
Hearing aids, 172
Heart failure, 29
Heart rate, 88, 130, 131-132, 132,
145, 174
Hertz (Hz), 48, 54, 106
History of ECT, 3-7
of chemical convulsive therapy, 4
of older somatic therapies, 3
origins of ECT, 4-5
patterns of use of ECT, 5-7
History taking, 28-29
Holter monitoring, 30
Hospitalization, 3, 7, 169. See also
Inpatient ECT
for ECT, 32
length of stay, 7, 169
psychiatric indications for, 32
Hydrotherapy, 3
Hydroxyzine, 33
Hypercarbia, 150
Hyperkalemia, succinylcholine-
induced, 86, 146
Hypertension, 29, 35, 88-89,
145-146, 180
Hyperventilation, 89, 152
Hypocarbia, 152
Hypoglycemia, 36
Hypopituitarism, 19
Hypoventilation, 150
Hz (hertz), 48, 54, 106

Ictal electroencephalographic
monitoring, 97, 98, 105-126
artifacts on, 106, 114-117, 116,
118, 120
audible and paper recordings,
107

ECT device capability for, 55, 107
electrode placement for, 108, 108-109
ictal and postictal EEG phases, 111,
111-114, 113-115, 120, 124
interpretation of, 117-126
determination of seizure activity,
120-124, 121, 123-125,
127
determination of seizure
adequacy, 123, 126, 127
determination of seizure end
point, 111, 113, 114,
118-120, 119, 184-185
prestimulus EEG, 110
reasons for, 98
setting display and printout gain for,
109-110, 118
clipping of waveforms, 109, 109

Ictal motor response, 97-104

dose of muscle relaxant and, 99-100
monitoring of, 98, 99-104
cuff technique for, 90, 99-100
electromyography activity
recording for, 97, 100-101,
101-102
photoplethysmography for, 103,
103-104
stimulus intensity and, 100
tonic and clonic phases of, 98-99

Imipramine, 12
Impedance

causes of variations in, 52, 53, 53
current, voltage and, 50, 51
dynamic, 52-53

energy and, 54
practical considerations regarding,

51-53

static, 53, 183
testing of, 52-53, 183
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Implanted defibrillators, 36, 133
Inadequate seizure, 151-152
factors contributing to, 150, 151
management algorithm for, 152,
153
restimulation after, 151-152, 184
seizure augmentation strategies for,
152-154
Inderal. See Propranolol
Index ECT, 159-161
frequency of treatments, 159—-160
multiple monitored ECT, 160
number of treatments, 160-161
Indications for ECT, 9-19, 38
depression, 9-13
mania, 14
medical disorders, 19
other psychiatric disorders, 18-19
in pediatric patients, 20
schizoaffective disorder, 18
schizophrenia, 14-18
Informed consent, 28, 31, 38—41, 141
for continuation or maintenance
ECT, 39, 165
criteria for, 39, 39
information required for, 39, 40
patient capacity to give, 40—41
sample form for, 40, 41, 199-207
state regulations for, 39
withdrawal of consent, 39
Inpatient ECT, 32
patient preparation for, 171-173,
172
pre-ECT orders for, 171, 172
treatment protocol for, 179-185,
180
Insulin coma, 3
Insulin therapy, 36
Interictal confusion, 142

Interpretation of ictal
electroencephalogram, 117-126
determination of seizure activity,
120-124, 121, 123-125, 127
determination of seizure adequacy,
123, 126, 127
determination of seizure end point,
111,113, 114, 118-120, 119,
184-185
Intracerebral hemorrhage, 140
Intracerebral tumors, 29, 140
Intracranial pressure elevation, 140
Intraocular pressure elevation, 29, 35
Intubation, 156, 181

Jaw pain, 146, 147
Jewelry, 172

Ketalar. See Ketamine
Ketamine, 83, 83-84, 152, 154

Labetalol, 83, 88
Laboratory testing, 30, 30-31, 31

for maintenance ECT, 166
Lamotrigine, 34, 37
Length of hospital stay, 7, 169
Lithium, 14, 33, 62, 156

interaction with succinylcholine, 85
Long Island Jewish/Hillside Medical

Center, 191

Lorazepam, 83, 90, 156

Magnetic resonance imaging, 31

Maintenance ECT, 163-166
continuation ECT and, 164, 165
for elderly persons, 163
frequency of treatments for, 165
indications for, 163
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informed consent for, 39, 165,
199-207
for mania, 14
in medical disorders, 19
preanesthesia reevaluation for,
165-166
Major depressive disorder. See
Depression
Malignant hyperthermia, 28, 86
Managed care, 7
Mania, 14, 156
diagnostic criteria for, 13
ECT-induced switching to, 147
effectiveness of ECT for, 14
electrode placement in, 75
history of ECT use for, 14
maintenance ECT for, 14
in schizoaffective disorder, 18
treatment-refractory, 14
mC (millicoulombs), 54
Mechanism of ECT action, 5
MECTA spECTrum device, 56
dose-titration protocol for,
brief-pulse stimuli, 64
ultra-brief-pulse stimuli, 68
EEG monitoring capability of, 107
EEG-based dosing techniques for, 72
optical motor sensor feature of, 103,
103-104
preselected-dose protocol for, 71
specifications for, 53, 55
MECTA SR and JR devices
dose-titration protocol for, 63
preselected-dose protocol for, 71
specifications for, 53, 55
Media portrayals of ECT, 6, 18-19
Medical assessment for ECT, 28-30,
29
on day of treatment, 173

Medical conditions. See also specific

conditions

affecting succinylcholine
metabolism, 28, 32, 85

associated with anesthesia risk, 28,
32-33

associated with increased ECT risk,
29, 29, 35-37, 140, 140

ECT treatment for, 19

in elderly persons, 21

Medication management before ECT,

33-35, 62

Medications used during ECT, 81-91,

146
administration of, 172, 180-182
time-out procedure before, 179

anesthetic agents, 82-84

anticholinergic agents, 87-88

benzodiazepine antagonist:
flumazenil, 33, 90-91

dosages of, 83

muscle relaxants, 84—86

oxygenation, 89, 146

postictal sedatives, 89-90, 142

sympatholytic agents, 88—89

Melancholic depression, 10
Memory impairment after ECT, 31,

142145, 173-174
antidepressants and, 34
duration of, 143
electrode placement and, 75
factors associated with, 142, 143
immediate postictal, 141-142
patient information about, 197-198
persistence of, 143-144
retrograde and anterograde amnesia,

143

self-ratings of, 144
strategies to diminish, 144-145
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Memory testing
after ECT, 143144
to determine cerebral dominance,
76
in pre-ECT evaluation, 31, 144
Methohexital, 82, 83, 151, 156,
181
Metrazol. See Pentylenetetrazol
Midazolam, 83, 90, 91, 156
Millicoulombs (mC), 54
Mirtazapine, 34
Missed seizure, 149—-151
factors contributing to, 150
identifying cause of, 151
ketamine to decrease seizure
threshold for, 154
management algorithm for, 153
restimulation after, 150—151
seizure augmentation strategies for,
152-154
MMECT (multiple monitored ECT),
160
Mode of stimulus delivery, 50-51
Monitoring of patient, 97, 174
cardiovascular response, 129-134
ictal EEG response, 97, 98,
105-126
ictal motor response, 97—-104
multiple monitored ECT, 160
during prolonged seizure, 156
Montgomery-Asberg Depression
Rating Scale, 160
Mood disorders, 5, 9-14
depression, 9-13, 11
mania, 13, 14
Mood stabilizers, 18
Mortality from ECT, 140-141, 197

Movement artifact, 116, 117, 122, 134,

134, 149-150

Multiple monitored ECT (MMECT),
160
Muscle artifact, 115, 116
Muscle fasciculations, 85, 86, 146, 182
Muscle relaxants, 6, 28, 31, 32, 81,
84-86
administration of, 181-182
dosages of, 83
duration of action of, 182
ictal motor response and, 98, 99
observing patient for action of, 182
during prolonged seizure, 156
for restimulation after missed
seizure, 150, 151
Muscle soreness, 86, 146, 197
Musculoskeletal disease, 84, 99
Myocardial infarction, 140, 166

National Institute for Clinical
Excellence, 17

Nausea, 28, 197

Neuroimaging, 31, 77

Neuroleptic malignant syndrome, 19,
86

Neurological disorders, 28, 29

Neuropsychological testing, 31

New York State Psychiatric Institute,
190

Nicardipine, 89

Nifedipine, 83, 89

Nimbex. See Cisatracurium

Nitroglycerin, 83, 89

Nitropress. See Nitroprusside

Nitroprusside, 89

Nitrostat. See Nitroglycerin

Normodyne. See Labetalol

Nortriptyline, 34

Number of ECT treatments, 160-161,
165
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Ohm’s law, 50-51, 54
Omni Prep, 100, 109, 178
OMS (optical motion sensor), 103,
103-104, 175
One Flew Over the Cuckoo’s Nest, 6
Ophthalmology consultation, 29
Optical motion sensor (OMS), 103,
103-104, 175
Oral prosthesis, 29
Orders
for pre-ECT evaluation, 170, 170
for pre-ECT patient preparation,
171,172
Origins of ECT, 4-5
Osteoporosis, 84, 99
Outpatient ECT, 32
patient discharge after, 187
patient preparation for, 171-173,
172
pre-ECT orders for, 171, 172
treatment protocol for, 179-185,
180
Oxygenation, 6, 81, 89, 146, 181, 183
monitoring of, 89, 97, 130, 175
during prolonged seizure, 156

Pacemakers, cardiac, 35-36, 133, 134
Paraldehyde, 3
Paralysis, 84, 90
Parasympathetic nervous system, 131,
145-146
Parkinson’s disease, 19
Patient care in recovery area, 185—-186
Patient information sheet, 195-198
Patient preparation for ECT, 171-179
on day of treatment, 171, 171-173
orders for, 171, 172
in treatment room, 173-179, 179
Patterns of ECT use, 5-7

Pediatric patients, 20
disposable EEG electrodes for, 109,
175
Pentothal. See Thiopental
Pentylenetetrazol, 5, 62
Peripheral nerve stimulation, 182
Personality disorders, 18
Pharmacotherapy, 3, 5-6, 7. See also
specific drugs and classes
to augment therapeutic effect of
ECT, 34
for depression, 10
without maintenance ECT, 165
maintenance ECT and, 164
for mania, 14
medication management for ECT,
33-35, 62
in pregnancy, 37
Phenothiazines, 62. See also
Antipsychotics
Pheochromocytoma, 140
Photoplethysmography, 103, 103—-104
Physical examination, 28, 29
Physostigmine, 86
Polyspike and slow-wave
electroencephalographic activity,
111,112, 124
Polyspike electroencephalographic
activity, 111, 112, 124, 124
Positioning patient for ECT, 174
Positive-pressure ventilation, 156, 181,
183
Postictal disorientation, 141-142
Postictal phase of
electroencephalogram, 111,
113-114, 124
Postictal sedatives, 83, 89-90, 142
Postrecovery care, 186—187
Potassium, serum, 86, 146
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Preauthorization for ECT, 169
Pre-ECT evaluation. See Evaluation for
ECT
Pre-ECT orders, 171-173, 172
Pregnancy, 37
Preictal electroencephalographic
activity, 111, 112, 124
Premature ventricular contractions,
146
Preoxygenation, 89
Preselected-dose method, 61, 6870,
71-72, 179
advantaged and disadvantages of, 73
Professional training activities,
189-191
Prolonged seizures, 154-156, 197
conditions associated with,
155-156
definition of, 155
multiple monitored ECT and, 160
termination of, 155, 156
Propofol, 82, 83, 8382
Propranolol, 88
Pseudocholinesterase deficiency, 28, 32,
85
Pseudodementia, 141
DPsychiatric history, 28
Psychoanalysis, 3
DPsychosis, 4, 14, 18. See also
Schizophrenia
DPsychotherapy, 3
for depression, 163
Psychotic depression, 163
Pulse duration, 49, 55
Pulse frequency, 49, 55
Pulse oximeter, 89, 130, 174, 175, 181
Pulse width, 48, 49, 55

Quality of care, 31

Rating scales, 160

Recovery area, patient care in, 185-186

Referral for ECT, 29, 32

Reimbursement for ECT, 169

Remifentanil, 82

Reserpine, 62

Resistance, 50. See also Impedance

Respiratory disease, 35, 36, 89, 141

Restimulation after missed or
inadequate seizure, 150152,
184

Retinal detachment, 29

Retrograde amnesia after ECT, 143

Risk-benefit analysis, 27-30, 37-38,
139. See also Evaluation for ECT

for maintenance ECT, 166

Risks of ECT. See Adverse effects of
ECT; Safety of ECT

Robinul. See Glycopyrrolate

Rocuronium, 83, 86

Romazicon. See Flumazenil

Royal College of Psychiatrists’ Special
Committee on ECT, 17

Safety of ECT, 6. See also Adverse
effects of ECT
in asthma, 36
in cardiovascular disease, 30, 35-36,
133
in diabetes, 36
in elderly patients, 21
in epilepsy, 37
mortality rate, 140-141
patient information about, 197-198
in pediatric patients, 20
in pregnancy, 37
Scalp disease, 33
Scalp impedance, 51-52
Schizoaffective disorder, 18, 163
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Schizophrenia, 4-5, 9, 14-18, 156
catatonic, 16, 17
chronic, 16-17
diagnostic criteria for, 15-16
ECT combined with antipsychotics
for, 17-18, 163
effectiveness of ECT vs.
antipsychotics for, 16
prevalence of, 14
Scotch douches, 3
Sedatives, 3
postictal, 83, 89-90, 142
Seizure adequacy, 60-61, 97, 149
determination of, 123, 126, 127,
151, 183-184
management of inadequate seizure,
151-152, 153, 184
quantitative EEG measures of, 126
seizure duration and, 151
Seizure augmentation, 152-154
caffeine for, 152, 154
changes to anesthetic regimen for,
154
hyperventilation for, 152
Seizure duration, 60, 154
caffeine to increase, 152, 154
in elderly persons, 60
hyperventilation to increase, 152
measurement of, 184
prolonged, 154-156, 155
seizure adequacy and, 151
stimulus intensity and, 60, 66-67,
67,126
Seizure end point
definition of, 118
determination of, 101, 102, 111,
113, 114, 118-120, 119,
184-185
effect of artifact on, 118, 120

Seizure management, 149-156
inadequate seizures, 151-152, 153
missed seizures, 149—151
prolonged seizures, 154-156, 155
seizure augmentation, 152-154

Seizure monitoring, 6, 183-184
cardiovascular response, 129134
ictal EEG response, 97, 98,

105-126
ictal motor response, 97-104

Seizure threshold, 49-50, 59
anesthetic effects on, 154
over course of ECT treatment, 60,

65-66, 126, 150
definition of, 49, 59
dose-titration method for
estimation of, 62—68, 66
EEG-based dosing for estimation of,
70-72
factors affecting, 61, 62, 97
high, 150
ketamine for, 154
medications affecting, 33-34, 35,
62, 82-83
preselected-dose method for
estimation of, 6870, 70
stimulus intensity and, 61

Seizures
chemically induced, 4-5
delayed onset of, 150
determining that activity has been

elicited, 120-124, 121,
123-125, 127
ECT in patient with history of, 28
in elderly persons, 21
electrically induced, 5
grand mal, 5, 6, 97, 98
inadequate, 151-152, 153
missed, 149-151
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Seizures (continued)
prolonged, 154-156, 155
psychosis and, 4
tardive, 155
therapeutic response and, 5, 59
Selective serotonin reuptake inhibitors
(SSRIs), 34
Sevoflurane, 84
Sham ECT, 5, 21
Sine wave ECT, 48, 48, 73
stimulus intensity for, 50
Sinus asystole, 87, 88, 131, 132, 146
Skin preparation for electrode
placement, 100, 109, 176, 178
Skull defects, 29, 33, 37, 51,77
Sleep therapy, 3
Somatic complaints after ECT, 86, 139,
146-147

Somatic therapies, historical, 3

Somatics Thymatron® DGx devices
automatic detection of
electromyogram seizure end
point on, 101, 102
dose-titration protocol for, 65

specifications for, 53, 55

Somatics Thymatron® System IV
device, 56
dose-titration protocol for
brief-pulse stimuli, 65
ultra-brief-pulse stimuli, 69
EEG monitoring capability of, 107
EEG-based dosing for, 72
preselected-dose protocol for, 72
specifications for, 53, 55
Spinal X rays, 31
SSRIs (selective serotonin reuptake
inhibitors), 34
Status epilepticus, 35, 154-155

Stigma, 6, 9
Stimulus dosing, 59-60
seizure adequacy and, 60-61
setting parameters for, 179
strategies for, 61-73
comparison of, 72-73
dose-titration method, 61,
62-68, 63—-66, 68-70, 179
EEG-based dosing, 61-62,
70-72
preselected-dose method, 61,
68-70,71-72, 179
Stimulus intensity, 54, 61
cognitive side effects and, 60, 61, 65
over course of ECT treatment, 60,
65-66, 126, 150
electrode placement and, 75
ictal motor response and, 100
missed seizures and, 150, 151
premature termination of, 150
seizure duration and, 60, 66-67, 67,
126
Stroke, 29, 146
Substance abuse disorders, 18
Succinylcholine, 85-86, 131, 146
administration of, 181-182
contraindications to, 86
disorders affecting metabolism of,
28, 32, 85
dosage of, 83, 85, 99
drug interactions with, 85-86
hyperkalemia induced by, 86, 146
ictal motor response and, 98, 99
nondepolarizing muscle relaxants
and, 86
Suicidal patients, 14, 75
Sympathetic nervous system, 131, 145
Sympatholytic agents, 81, 83, 88-89,
180
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T waves, peaked, 132-133, 133

Tachycardia, 131, 145, 180

Tardive seizures, 155

Teeth, 28, 29, 147, 174, 182

Termination phase of
electroencephalogram, 111,
112-113, 113-115, 124

Theophylline, 33, 35, 36, 156

Theta rhythm, 106

Thiopental, 82, 83

Time-out procedure before ECT
treatment, 179

Tracrium. See Atracurium

Training in ECT, 189-191

Trandate. See Labetalol

Transcranial magnetic stimulation, 6

Treatment algorithms, 19-20

Treatment protocol, 179-185, 180.
See also Administration of ECT

Ultiva. See Remifentanil
Ultra-brief-pulse ECT, 49
dose-titration protocol for, 63, 67,
68-70

preselected-dose protocol for, 71-72

stimulus intensity for, 50

Ultrane. See Sevoflurane

University of Michigan, 191

University of Pittsburgh Medical
Center, 191

Vagal nerve stimulation, 6

Vagal reflexes, 87

Valium. See Diazepam

Vascular anomalies, 29, 140, 141
Vasopressin, 62

Vegetative symptoms of depression, 10
Venlafaxine, 34

Ventricular ectopy, 87

Versed. See Midazolam

Voltage, 50-51, 54

von Meduna, Ladislas Joseph, 4

Water therapy, 3

Western Psychiatric Institute and
Clinic/University of Pittsburgh
Medical Center, 191

Withdrawal of consent for ECT, 39

X rays, 31, 31

Zemuron. See Rocuronium
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