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Objective: To determine whether starting antidepressant medication at
the start of electroconvulsive therapy (ECT) reduces post-ECT relapse
and to determine whether continuation pharmacotherapy with nortrip-
tyline (NT) and lithium (Li) differs in efficacy or adverse effects from
continuation pharmacotherapy with venlafaxine (VEN) and Li.
Methods: During an acute ECT phase, 319 patients were randomized
to treatment with moderate dosage bilateral ECT or high-dosage right
unilateral ECT. They were also randomized to concurrent treatment with
placebo, NT, or VEN. Of 181 patients to meet post-ECT remission criteria,
122 (67.4%) participated in a second continuation pharmacotherapy
phase. Patients earlier randomized to NT or VEN continued on the anti-
depressant, whereas patients earlier randomized to placebo were now
randomized to NT or VEN. Lithium was added for all patients who were
followed until relapse or 6 months.

Results: Starting an antidepressant medication at the beginning of the ECT
course did not affect the rate or timing of relapse relative to starting phar-
macotherapy after ECT completion. The combination of NT and Li did
not differ from VEN and Li in any relapse or adverse effect measure. Older
age was strongly associated with lower relapse risk, whereas the type of
ECT administered in the acute phase and medication resistance were not
predictive. Across sites, 50% of the patients relapsed, 33.6% continued in
remission 6 months after ECT, and 16.4% dropped out.

Conclusions: Starting an antidepressant medication during ECT does
not affect relapse, and there are concerns about administering Li during
an acute ECT course. Nortriptyline and VEN were equally effective in
prolonging remission, although relapse rates after ECT are substantial
despite intensive pharmacology. As opposed to the usual abrupt cessa-
tion of ECT, the impact of an ECT taper should be evaluated.
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elapse is common after successful acute phase treatment
with electroconvulsive therapy (ECT). Naturalistic studies'*
and randomized controlled trials of alternative continuation
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therapies® have documented relapse rates of 40% or greater
in the first 6 months after termination of acute phase ECT.
Virtually all patients will relapse if no continuation therapy is
used, whereas monotherapy with a tricyclic antidepressant,
nortriptyline (NT), has a modest beneficial effect.> The com-
bination of NT and lithium (Li) and continuation ECT seem to
exert equivalent and pronounced benefit, each reducing the re-
lapse rate to approximately 40% to 50%.%¢

Electroconvulsive therapy is the only biological treatment
in psychiatry that is abruptly discontinued once found to be
effective.® In the treatment of major depression, the most com-
mon strategy has been to use pharmacological interventions as
continuation therapy after ECT.” Relapse after ECT is heavily
skewed toward the period immediately after ECT termination.
For example, in an earlier masked randomized trial we con-
ducted, of those who relapsed within 6 months of ECT termi-
nation, 67%, 62%, and 89% did so within 8 weeks while
receiving placebo (PL), NT alone, or combined NT and Li, re-
spectively.? This pattern of early relapse may reflect the fact that
antidepressant medications usually show a delay in onset of
acute therapeutic action, and this delay may also apply to pro-
tection from relapse. Thus, in the period immediately after
ECT, patients who are just starting pharmacotherapy may be
especially vulnerable to relapse. They are exposed to both the
abrupt discontinuation of an effective treatment and the intro-
duction of a new form of treatment with a delay in the onset of
therapeutic action.

This study tested the hypothesis that starting antidepressant
pharmacotherapy from the onset of ECT, as opposed to after
ECT completion, results in a substantial improvement in the re-
lapse rate.® During the acute ECT phase, patients were ran-
domized to pharmacological treatment with PL (PL), NT, or
venlafaxine (VEN). They were also randomized to receive either
high-dosage right unilateral (RUL) or moderate dosage bilateral
(BL) ECT. In a second 6-month triple-masked continuation
therapy trial, patients treated with PL during the ECT course were
randomized to continuation therapy with NT or VEN, those who
received active medication during ECT continued on that medi-
cation, and Li was added in all cases.

The findings regarding acute phase efficacy and adverse
effects have been reported elsewhere.!® This report focused on
the randomized controlled trial of continuation pharmacothera-
py after ECT and addressed 2 primary questions: (1) Does
starting an antidepressant medication before ECT reduce the
post-ECT relapse rate relative to starting the antidepressant
medication (and Li) after ECT? and (2) How does the efficacy
of VEN-Li compare to NT-Li in relapse prevention after ECT?
An alternative to NT could be of special use to patients with a
contraindication to treatment with a tricyclic antidepressant.

MATERIALS AND METHODS

Study Site and Study Participation
The study was conducted at the Wake Forest University
(WF), Western Psychiatric Institute and Clinic (WPIC), and
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Washington University (WU) in St Louis, MO. The New York
State Psychiatric Institute (NYSPI) was the coordinating and
monitoring center. Using the Structured Clinical Interview for
Axis | Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition—Patient Edition (with Psychotic Screen) dis-
orders,!! patients who entered phase 1 of the study met the
Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition'? criteria for major depressive episode (unipolar or bi-
polar). They also had a pretreatment score of 21 or greater on
the Hamilton Rating Scale for Depression (HRSD, 24-item),'3
and treatment with ECT was indicated. Patients were excluded if
they had a history of schizophrenia, schizoaffective disorder,
non—-mood disorder psychosis, neurological illness or insult,
alcohol or drug abuse within the past year, ECT within the past
6 months, or severe medical illness that markedly increased the
risks of ECT. Patients with known allergy or medical contrain-
dication to treatment with NT or VEN were also excluded.

Participants were recruited from the approximately 750
consecutive patients who were clinically referred for ECT at the
3 sites. Over a 4-year period, 340 patients consented to study
participation. Of the 21 patients who did not contribute acute
phase 1 outcome data, 17 patients left the study before the start
of ECT (diagnostic exclusion identified, n = 7; patient withdrew
consent, n = 7; family opposed to participation, n = 3). After
starting ECT, 4 additional patients were dropped from the intent-
to-treat (ITT) sample owing to identification of an exclusion
criterion. The intent-to-treat sample for phase 1 outcomes
comprised 319 patients.

Patients were classified as phase 1 remitters if they had at
least a 60% reduction in HRSD scores relative to pre-ECT
baseline, with a maximum score of 10 both at an assessment
within 2 days of ECT discontinuation and reassessment 4 to 8
days after ECT termination. Patients provided separate informed
consent for participation in the acute ECT and continuation
pharmacotherapy phases, and capacity to consent was assessed
at each time point. The institutional review boards at each en-
rollment site and NYSPI approved the study.

To enter the randomized continuation trial (phase 2),
patients had to be classified as remitters after ECT and had no
contraindication to treatment with Li. Of the 155 patients who
were remitters, 122 patients (79%) participated in the continu-
ation trial. As noted, the criteria for remission required a score of
10 or below on the HRSD and a minimum 60% reduction in
score relative to pre-ECT baseline. The threshold of 10 may
seem lenient relative to some pharmacological studies, but the
criteria are standard in ECT research and are based on use of the
24-item HRSD, whereas a threshold of 7 is commonly used
when the 17-item HRSD is administered.

Study Design

In phase 1 of the study,'® the patients were randomized to
receive either RUL administered at 6 times the seizure threshold
(ST) (6 x ST) or bilateral (BL) ECT at 1.5 x ST. Electrocon-
vulsive therapy was given 3 times per week with a standard
MECTA Spectrum 5000Q device (MECTA Corp, Tualatin,
OR). Patients (n = 62) in either ECT group who did not show
substantial improvement after 8 or more treatments were crossed
over to high dosage (2.5 x ST) BL ECT. Electroconvulsive
therapy was continued as long as clinical progress was observed
and terminated after no further improvement was observed over
at least 2 treatments.

Patients were also randomized to receive NT, VEN, PL
starting the afternoon after the first ECT treatment using a
“double-dummy” technique to maintain the mask. A standard
dose escalation schedule was used, and the goal was to achieve
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therapeutic blood levels (100-120 ng/mL) of NT or a minimum
daily dose of 225 mg of VEN in all patients by the end of the
ECT course.

To maintain the mask, the treating psychiatrist prescribed
both NT and VEN for each patient. The site pharmacist had
access to the randomization code and substituted PL for NT
and/or VEN as needed. The randomization to ECT and pharmaco-
logical conditions (6 combinations) was based on permuted
blocks, with equal representation within each block of BL and
RUL ECT, and a 1.5:1 ratio of PL relative to either NT or VEN.
At each site, other than the individuals involved in the admin-
istration of ECT (none of whom provided clinical ratings), the
patients, treatment teams, and outcome assessors were masked
to ECT treatment assignment, and, other than the pharmacist,
the patients and all personnel were masked to pharmacotherapy
assignment.

Eligibility for phase 2 required only that patients be clas-
sified as remitters after ECT and all eligible patients were
approached for participation. Excessive distance, lack of trans-
portation, and preference to be treated openly by the referring
physician were the leading reasons for nonparticipation. The
patients who received NT or VEN in phase 1 continued on these
medications, whereas the patients who had received PL were
randomized to NT or VEN. The mask was maintained for
whether the patient was treated with NT or VEN and whe-
ther patients received active medication or PL in phase 1. The
double-dummy technique was followed for at least 4 weeks or
until the patients had been maintained at a steady regimen for
at least 2 weeks. At this point, the medication was converted to
one set of masked pills (either NT or VEN). All patients also
received open continuation treatment with Li. Blood samples were
obtained at every visit during phase 2, and dosing of NT was
targeted to achieve a steady-state blood level of 100 to 120 ng/mL;
dosing of Li was adjusted to achieve a steady-state level of 0.5 to
0.7 mEq/L. The dosing of VEN was targeted for titrating up to
300 mg/d.

Assessments

Information from interviews with the patients, family, and
health care providers and from medical records was obtained to
complete the antidepressant treatment history form (ATHF) to
quantify the extent of medication resistance (ie, number of
failed adequate antidepressant trials in the current episode and
total number of trials of antidepressant trials).'* Before ECT,
and twice weekly, before crossover ECT, and at ECT termina-
tion, a clinical rater (CR) and a study psychiatrist (SP) not in-
volved in ECT administration completed the Hamilton Rating
Scale for Depression.!* The CR also completed the Clinical
Global Impression (CGI) scales (severity [CGI-S] and improve-
ment [CGI-I])!® and the Global Assessment of Function scale!?
at the same intervals. Patients completed the Beck Depression
Inventory II (BDI)!¢ at, before, and after the ECT course.

During the continuation phase, the patients were followed
until relapse or for 6 months. The patients were evaluated at
weekly intervals for the first 4 weeks, and at 2-week intervals for
the remaining 20 weeks. . same blinded CR and blinded SP that
evaluated the patients throughout the ECT course. During the
continuation trial, a separate blinded SP assessed adverse ef-
fects, vital signs, adjusted medication, or PL dosage based on
plasma levels reported by NYSPI and adverse effects. This in-
dividual did not complete clinical ratings of symptomatic status.

Time to relapse was the main outcome measure. The cri-
teria for relapse were a mean HRSD score (CR and blinded SP)
of at least 16 that was maintained for at least one week (over 2
consecutive visits) and a mean absolute increase of at least 10
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points at 2 consecutive visits relative to continuation trial base-
line. These criteria reflected a clinical worsening such that most
clinicians would abandon the current treatment in favor of an
alternative. Patients could also meet criteria for relapse if they
were rated as considerably worse on the CGI by both raters at
each of 2 consecutive visits over at least 1 week, and the SP
documented that it was in the patients’ clinical interest to exit the
protocol based on the emergence of suicidal ideation or intent,
psychotic symptoms, hypomania or mania, or significant func-
tional impairment (Global Assessment of Function score <50).

Adverse effects were assessed with regard to the frequency
of adverse events and serious adverse events and scores on the
Udvalg for Kliniske Undersogelser (UKU) Side Effect Rating
Scale.!” Adverse events and serious adverse events were defined
following standard conventions. The UKU scale was completed
by a treating SP at the same intervals as HRSD interviews. The
dependent measures were mean and maximal total scores over
the continuation pharmacotherapy trial.

Statistical Methods

The sites were compared in remitter rate and phase 2 study
participation using x* analyses. Patients who met remitter cri-
teria after ECT and who did or did not participate in the contin-
uation trial were compared in demographic, clinical, and previous
treatment features with # tests for continuous measures and x>
analyses for dichotomous variables. Similarly, the 4 treatment
groups in the continuation trial were contrasted in these features
using analyses of variance (ANOVAs), with each treatment
condition representing a different level of the single main effect.
Unless otherwise specified, significant main effects in ANOVAs
and analyses of covariance (ANCOVAs) were followed by the
Tukey honest significant difference (HSD) post hoc test.

The primary analysis testing the key hypotheses of the
continuation trial used survival analysis for right-censored fail-
ure-time data. A simultaneous regression model was fit to the
relapse-time data using the Weibull distribution.'® Covariates in
the regression model were the pharmacological condition in
phase 1 (drug vs PL), pharmacological status in phase 2 (NT-Li
vs VEN-Li), the interaction of these 2 terms, site (3 levels),
number of adequate antidepressant trials in the current episode,
HRSD score at the start of the continuation trial, and patient’s
age. To confirm the findings from the parametric survival
analysis regarding treatment group differences, nonparametric
estimates of the survival distribution function for each group
were computed using the Kaplan-Meier method and contrasted
with the log-rank (Mantel-Cox) test. '

A second parametric survival analysis was conducted to
explore clinical correlates of relapse. In this analysis, the model
included effects of site, HRSD score at continuation trial base-
line, age, treatment resistance (total number of antidepressant
trials in the current episode), psychosis (psychotic vs nonpsy-
chotic depression), polarity (unipolar vs bipolar depression), de-
pression severity (HRSD score at pre-ECT baseline), randomized

phase 1 ECT assignment (6 x ST RUL ECT vs 1.5 x ST BL
ECT), and total number of ECTs administered.

The phase 2 treatment groups were contrasted in adverse
effects, examining mean, and maximum UKU scores during the
continuation trial. Analyses of covariance were conducted on
these measures, modeling phase 1 medication condition (drug
vs PL) and phase 2 medication condition (NT-Li vs VEN-Li) as
main effects, the interaction of these 2 terms, and the main effect
of site, and using age as a covariate. Additional ANOVAs ex-
amined the effects of phase 2 clinical outcome on UKU scores,
with site and phase 2 outcome (relapse, dropout, and complete
without relapse) as main effects.

Analyses of covariance were conducted on the mean and
maximum oral dosages of NT, VEN, and Li and the mean and
maximum blood levels of NT and Li. For patients not receiving
a medication, the oral dosage that was believed to be adminis-
tered was substituted, as was the dummy blood level (for NT)
that was reported. The between-subject factors included phase
1 and phase 2 medication conditions, their interaction, and site,
with age serving as a covariate. Parametric survival analyses
were conducted separately for patients treated with NT-Li and
VEN-Li to examine relations between oral dosage, blood levels,
and relapse.

RESULTS

Sample Characteristics

Of 319 patients who received at least one treatment with
ECT, as described elsewhere,!® 181 patients (56.7%) were
remitters (Table 1). The remission rate was higher in the patients
randomized to RUL relative to BL ECT and in the patients
randomized to receive NT during the ECT course and, to a lesser
extent, VEN in comparison to PL. The sites differed in remitter
rate: X%, = 12.36, P = 0.002 (Table 1). The remission rate was
highest at WPIC, lowest at WU, and intermediate at WF.

Of 181 remitters, 122 patients (67.4%) entered the ran-
domized, double-masked, continuation pharmacotherapy trial.
The principal reasons for nonparticipation in the continuation
trial were travel limitations and preference to be treated openly
by their referring physician. The rate of participation in the
continuation trial among remitters differed among the sites;
(%2 = 7.11, P = 0.03; Table 1), with the participation rate at
WPIC (77.4%) higher than at WF (59.0%) and WU (58.3%)).

Demographic and clinical characteristics of the continua-
tion trial participants are presented in Table 2. Remitters who
did or did not enter the continuation trial were contrasted in the
features listed in Table 2. There were no significant differences.
The 4 treatment groups in the continuation trial, defined by
whether they received an antidepressant or PL during ECT and
NT-Li or VEN-Li as post-ECT continuation therapy, were con-
trasted in these clinical features. For the continuous measures,
the 4 continuation therapy groups differed in years of education

TABLE 1. Number of Patients at Each Site Who Started ECT, Remitted with ECT, and Entered and Completed the

Continuation Trial

Continuation Trial

Started ECT Entered
Site ECT Remitter Continuation Trial Dropout Relapse
Wake Forest University 106 61 36 12 12
Washington University 86 36 21 3 14
Western Psychiatric Clinic and Institute 127 84 65 5 35
Total 319 181 122 20 61

© 2013 Lippincott Williams & Wilkins
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TABLE 2. Demographic and Clinical Features of the Total Continuation Trial Sample and for Each of the 4 Randomized

Treatment Groups

Phase 1: Placebo Phase 1: NT Phase 1: VEN
Total
Continuation Phase 2: Phase 2: Phase 2: Phase 2:
Sample NT-Li VEN-Li NT-Li VEN-Li
n=122 n =20 n=24 n =39 n=39
Variable Mean SD Mean SD Mean SD Mean SD Mean SD
Age, yrs 48.90 15.01 48.30 16.76 45.50 9.86 47.08 16.79 53.13 14.38
Sex, % female 64.75 65.00 58.33 58.97 74.36
Education, yrs 13.92 2.68 15.30 3.31 13.29 1.71 14.13 3.00 13.38 2.24
Pre-ECT HRSD 29.80 5.80 30.30 5.71 28.17 5.25 31.36 6.49 28.97 5.19
Pre-ECT CGI-S 5.30 0.71 5.30 0.47 5.33 0.70 5.49 0.60 5.10 0.88
Pre-ECT BDI 37.24 10.60 39.75 8.80 34.92 10.02 40.33 10.68 34.28 10.88
Psychotic, % 25.41 20.00 16.67 30.77 28.21
Polarity, % bipolar 19.67 30.00 20.83 28.21 5.13
Episode duration, wks§ 38.09 34.39 28.1 23.17 36.04 34.18 39.76 35.43 43.13 38.32
No. adequate antidepressant 1.21 1.29 1.45 1.00 1.54 1.69 0.95 1.05 1.15 1.33
treatment trials, current episode
No. total antidepressant 5.52 3.98 4.85 237 7.04 6.00 5.15 3.69 5.31 3.21
treatment trials, current episode

Medication resistant, % 75.41 85.00 75.00 71.79 74.36
Total no. ECTs 8.27 3.46 8.20 2.95 8.58 3.55 8.59 3.41 7.79 3.77
Post-ECT HRSD 543 2.78 6.50 2.86 5.25 2.27 5.18 2.99 5.23 2.79
Post-ECT CGI-S 1.82 0.83 1.90 1.02 1.97 0.81 1.58 0.74 1.94 0.80
Post-ECT CGI-1 1.59 0.65 1.60 0.68 1.50 0.59 1.51 0.54 1.71 0.75
Post-ECT BDI 9.94 8.49 11.98 8.59 8.73 5.54 11.12 10.15 8.46 8.03

Adequacy of each medication trial given during the index episode before ECT was evaluated with the Antidepressant Treatment History Form.'*

Each trial was rated on a scale ranging from zero to 5, with a score of 3, the threshold for classification as medication resistant. To be considered an
adequate trial, the threshold for sufficient dosage corresponded, for example, to a minimum of 200 mg/d imipramine equivalents for tricyclic anti-
depressants and 20 mg/d for fluoxetine. The threshold for sufficient duration was a minimum of 4 weeks at or above the threshold for sufficient dosage.
To be classified as resistant, patients with psychotic depression had to receive an adequate antidepressant trial and at least 3 weeks of concurrent

treatment with an antipsychotic medication, with a dosage at least 400 mg/d chlorpromazine equivalents.

An upper limit of 104 weeks was imposed.

(F[3,] 18] = 294, P= 004) and pre-ECT BDI score (F[3,118] =
3.02, P = 0.03). Post hoc comparisons (Tukey HSD) indicated
that the group that received PL during ECT followed by NT-Li
continuation therapy had more years of education (15.30 + 3.31)
compared to the patients treated with VEN during ECT and
followed by VEN-Li (13.38 + 2.24). Post hoc comparisons
revealed no significant pairwise differences among the groups
in pre-ECT BDI scores. In the discrete variables, the 4 contin-
uation therapy groups differed only in the representation of bi-
polar disorder: x*; = 8.39, P = 0.04. The rates were highest for
those who received PL during ECT followed by NT-Li (30.00%)
compared to the patients who received VEN during ECT fol-
lowed by VEN-Li (5.13%). Overall, it seemed that the rando-
mizations were successful in creating groups with comparable
demographic and clinical features.

Hypothesis Testing

The findings from the parametric survival analysis of the
relapse-time data are presented in Table 3. There was no indi-
cation that beginning an antidepressant agent at the start of
ECT affected relapse relative to receiving PL during the ECT
course: X°1 = 1.41, P = 0.23. The Kaplan-Meier survival plot
for this comparison is presented in Figure 1. Likewise, in the
parametric survival analysis, there was no indication that treat-
ment with NT-Li differed in relapse from treatment with VEN-Li:

6 | www.ectjournal.com

x*1 = 0.36, P = 0.55. The Kaplan-Meier survival plot for this
comparison is presented in Figure 2. In the parametric survival
analysis, there was also no indication of an interaction between
the phase 1 and phase 2 medication conditions: x*; = 0.01, P =
0.93. The Kaplan-Meier survival plot representing the 4 groups
individually is presented in Figure 3. Nonparametric tests of
each of these comparisons, as represented in Figures 1 to 3, all
failed to approach significance (all P’s > 0.61). Thus, there was
no evidence that early start of an antidepressant or use of NT
relative to VEN had any impact on relapse.

TABLE 3. Parametric Survival Analysis on Relapse-Time Data

Source DF xz P
Site 2 6.13 0.047
Phase 1 medication condition (PL vs drug) 1 141 0.23
Phase 2 medication condition 1 036 0.55
(NT-Li vs VEN-Li)

Phase 1 x phase 2 medication condition 1 0.01 093
No. adequate treatment trials, current episode 1 2.06 0.15
HRSD at continuation trial baseline 1 2.62 0.11
Age 1 14.90 0.0001

© 2013 Lippincott Williams & Wilkins
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FIGURE 1. Kaplan-Meier estimates of the proportion of patients
who remained well during the continuation pharmacotherapy
trial for patients randomized to treatment with PL or antidepressant
medication (NT or VEN) during the ECT course.

Overall, the risk of relapse was substantial. Of the 122
patients to enter the trial, 61 patients (50.0%) relapsed during
the 6-month follow-up period, 41 patients (33.6%) completed
without relapse, and 20 patients (16.4%) dropped out. There
was a narrow range of relapse rates among the 4 treatment
groups. As seen in Figure 3, the probability of remaining well at
trial termination ranged from 37.8% (NT during ECT followed
by NT-Li) to 46.1% (VEN during ECT followed by VEN-Li).

Correlates of Relapse

As seen in Table 3, the parametric analysis indicated
that the sites differed in relapse: x*, = 6.13, P = 0.047. The
nonparametric test of this effect only yielded a trend: x*; = 5.10,
P = 0.08. Likelihood of survival was somewhat lower at WU
than at the other 2 sites.

As also seen in Table 3, there was a strong association
between patient age and relapse: x*; = 14.90, P < 0.0001. The
patients who completed without relapse (54.78 + 14.17) were
on average nearly 10 years older than the patients who relapsed
(44.89 £ 14.05), with patients who dropped out being interme-
diate (49.10 + 16.21). A one-way ANOVA indicated that the 3
groups differed in age (Fp,1197 = 5.75, P = 0.004) and Tukey
HSD indicated that the patients who relapsed were significantly
younger than those who completed.

In previous research, degree of treatment resistance, as
quantified by the ATHF, has been a potent predictor of post-
ECT relapse.!*=> However, in this study, the term in the para-
metric model representing treatment resistance, the number of

© 2013 Lippincott Williams & Wilkins

adequate failed treatment trials in the current episode, only had a
weak nonsignificant relationship to relapse: x>, =2.06, P=0.15
(Table 3). It is widely known that adequate treatment trials
constitute a relatively small proportion of the total attempts at
antidepressant treatment. Indeed, in this study, on average,
patients received more than 4.5 times as many attempts at an-
tidepressant treatment (5.52 + 3.98) compared to the number of
adequate trials they received (1.21 + 1.29; Table 2). The para-
metric survival analysis summarized in Table 3 was repeated
using the total number of treatment trials as the term repre-
senting treatment resistance. The previously observed effects of
site and age were essentially unchanged. There was also a strong
relationship between the total number of antidepressant treat-
ment trials and relapse: x*; = 6.81, P = 0.009. No other effects
emerged.

A one-way ANOVA conducted on the total number of an-
tidepressant trials contrasting patients who relapsed (6.26 *
5.00), completed (4.59 + 2.51), or dropped out (5.20 + 2.19)
yielded only an effect at a trend level: F(5 119y =2.31, P=0.10.
However, a ¢ test indicated that patients who relapsed had re-
ceived more antidepressant trials than patients who completed
without relapse: #(93.65) = 2.33, P < 0.03. In all subsequent
analyses, the total number of antidepressant trials was retained
in the parametric survival model as the term representing treat-
ment resistance.

A parametric survival analysis was conducted to explore other
factors that may be associated with relapse risk. As seen in Table 4,
a new model was applied that included terms representing
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FIGURE 2. Kaplan-Meier estimates of the proportion of patients
who remained well during the continuation trial for patients
randomized to treatment with NT-Li or VEN-Li as continuation
pharmacotherapy.

www.ectjournal.com | 7

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Prudic et al

Journal of ECT ® Volume 29, Number 1, March 2013

100

90

80

70

60

50

40

30

Cumulative Probability of Remaining Well

- NT-NT-Li
-5- PL-NT-Li
209 | —— VEN-VEN-LI
—— PL=VEN-LI
10
0

0 2 4 6 8 10 12 14 16 18 20 22 24
Weeks at Risk
FIGURE 3. Kaplan-Meier estimates of the proportion of patients
who remained well during the continuation trial for patients
randomized to the 4 treatment conditions: PL or drug (NT or VEN)
during ECT and, during continuation pharmacotherapy, NT-Li or
VEN-Li as continuation pharmacotherapy.

psychosis, unipolar versus bipolar depression, severity of de-
pression (HRSD score) at pre-ECT baseline, duration of current
episode, randomization to RUL versus BL ECT, and total
number of ECT. The effects of site, age, and total number of
antidepressant trials remained significant, whereas the effect of
HRSD score at continuation trial baseline approached signifi-
cance: le = 2.88, P = 0.09. There were no other effects. In
particular, there was no evidence that the distinction between
psychotic and nonpsychotic depression, depression severity at
pre-ECT baseline, receipt of BL versus RUL ECT, or total
number of ECTs were related to risk of relapse.

TABLE 4. Parametric Survival Analysis of Clinical Predictors
of Relapse-Time Data

Source DF xz P
Site 9.76 0.0078
HRSD at continuation trial baseline 3.38 0.07

2

1
Age 1 11.56 0.0007
Total no. antidepressant trials, current episode 1 5.52 0.02
Psychosis, yes/no 1 011 0.74
Unipolar vs bipolar 1 247 0.12
HRSD at pre-ECT study entry 1 0.02 0.88
ECT assignment (BL vs RUL) 1 0.01 0.91

1

Total no. ECTs 1.29 0.26
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Adverse Effects and Adverse Events

Analyses of covariance were conducted on the mean UKU
score during the continuation trial as well as on the maximum
score during the trial. In both cases, there was no main effect of
phase 1 or phase 2 medication status, or their interaction. Thus,
there was no impact on adverse effect burden whether patients
received active medication or PL in phase 1 and whether
patients received NT-Li or VEN-Li in phase 2. There were no
effects of age in either ANCOVA. However, there was a main
effect of site in the ANCOVA on mean UKU score (F[3,107] =
5.74, P = 0.004) and maximum UKU score (F[3107; = 3.81,
P =0.025). In both cases, post hoc comparisons (Tukey HSD)
indicated that UKU scores were significantly higher at WU than
at WPIC, with WF intermediate.

Previously, we noted that UKU scores in the total phase 1
sample decreased markedly from pre-ECT baseline, an effect
linked to the extent of clinical improvement.!® This was also
true in the subsample of 111 patients who had at least one UKU
score at pre-ECT baseline during the ECT course and during the
continuation trial. Mean + SD UKU scores declined from 19.90 +
8.36 at pre-ECT to 10.64 £ 5.01 during ECT: #(110) = 15.40, P <
0.0001. In contrast, there was a small but significant rise in
mean + SD UKU scores during the continuation trial: 12.33 +
7.17, «(110) = 2.28, P = 0.02. Thus, reports of adverse effects
were somewhat lower during the ECT than the continuation
pharmacotherapy phase of this study. However, the maximum
UKU score during the ECT course, 17.30 + 7.12 did not differ
from the maximum score during the continuation trial: 17.66 =
7.36, ((110) = 0.45, P = 0.66.

Analyses of variance were conducted on mean and maxi-
mum UKU scores during the continuation trial with site and
phase 2 outcome (completed without relapse, with relapse, and
dropout) as between-subject terms. In both analyses, the effect
of site was significant, as described earlier. There was also a
significant effect of phase 2 outcome for both the mean UKU
score (Fp2,1001 = 18.26, P < 0.0001) and the maximum UKU
score (Fp2,1097 = 14.56, P < 0.0001). Post hoc comparisons
(Tukey HSD) indicated that patients who relapsed had sub-
stantially higher mean and maximum UKU scores than either
patients who completed or dropped out (Table 5). Thus, clinical
status seemed to exert a powerful effect on UKU scores in both
phases 1 and 2.

Seven patients experienced single AEs, one patient had 2
AEs, one patient had 2 AEs and one SAE, and one patient had
a single SAE. The number of events was too small to examine
relationships with treatment conditions or outcome. The 11 ad-
verse events included orthostasis (n = 2), falls (n = 2), emer-
gence of mania, hypertension, rash, seizure-like attack, nausea,
dizziness and slowed movement, and multiple symptoms related
to high NT blood levels. The 2 SAEs included a patient with an

TABLE 5. Mean and Maximum UKU Score During the
Continuation Trial as a Function of Clinical Outcome

Mean UKU  Maximum

Score UKU Score

Phase 2 Outcome Mean SD Mean SD
Completed without relapse (n =40)  7.73 3.83 13.53 535
Relapse (n = 59) 15.69 7.28 2093 7.04
Dropout (n = 15) 11.76 6.82 15.80 7.40

Udvalg for Kliniske Undersogelser data were not obtained in 8
patients.
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acute subdural hematoma after a fall that was evacuated in
neurosurgery, and a suicide attempt by overdose.

Oral Dosage and Medication Levels

Analyses of covariance were conducted on the mean and
maximum oral dosages of NT, VEN, and Li and the mean and
maximum blood levels of NT and Li. The between-subject terms
were phase 1 and phase 2 medication conditions, their interac-
tion, and site; and age was the covariate. Table 6 presents the
descriptive statistics for the patients randomized in phase 2 to
either NT-Li or VEN-Li. Values for patient groups not receiving
a medication (eg, NT values for patients treated with VEN-L1)
reflect the oral dosage that was believed to be administered or
the dummy blood level reported to the treating physician.

In the ANCOVAs, there was no effect involving phase 1
medication condition. Thus, whether patients received a PL in
phasel and started an antidepressant in phase 2 or continued on
the same antidepressant in phase 2 had no impact on the mean or
maximum oral dosage or blood levels of medication in phase 2.
Similarly, with but one exception, there was no effect involving
phase 2 medication condition. The exception was that patients
treated with N'T-Li had higher maximum blood levels of NT
during the continuation trial than the maximum dummy levels
reported for the patients treated with VEN-Li (F; 1997 = 14.56,
P = 0.004; Table 6), despite the fact that the 2 groups were
nearly equivalent in mean NT levels. This effect was caused by
abnormally high NT blood levels (= 200 ng/ml) occurring ex-
clusively among patients actually receiving NT (n = 12), pre-
sumably reflecting slow metabolism of the medication. In
hindsight, this threat to maintenance of the blind could have
been eliminated by including a small number of very high
dummy values in the reports given to the treating physicians.
Other than this, there were no effects of the randomized phase 1
or phase 2 medication conditions on oral doses and blood levels,
strongly supporting the integrity of the study.

TABLE 6. Oral Dosage and Blood Levels of Continuation
Pharmacotherapy Medications by Treatment Condition

Continuation
Pharmacotherapy Group
NT-Li VEN-Li
Mean SD Mean SD
Mean oral dose, mg
NT 87.63 27.78 86.51*  21.18
VEN 286.74*  29.60 275.20 37.42
Li 686.91 219.19  664.08  242.10
Maximum oral dose, mg
NT 99.11 30.88  93.85*%  23.57
VEN 294.64* 2417 291.39 30.92
Li 816.96 28592 784.43 300.49
Mean blood level
NT, ng/mL 107.99 45.68 104.80*  30.06
Li, mEqg/L 0.51 0.16 0.48 0.17
Maximum blood level
NT, ng/mL 154.60 69.93  122.77*  33.22
Li, mEqg/L 0.71 0.23 0.68 0.27

*For patients not receiving a medication (eg, NT for patients treated
with VEN-Li), oral dosage reflects the dosage believed to be adminis-
tered, and blood levels reflect dummy values reported to the treating
physician.
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There were effects of site in the ANCOVAs on the mean
(F(2’107) = 475, P= 001) and maximum (F(2’107) = 438, P=
0.01) Li blood level. Post hoc comparisons indicated that WPIC
had higher mean and maximum Li levels than either WF or WU.
Indeed, these values, on average, were more than 25% higher at
WPIC than either WF or WU. Despite the higher Li levels at
WPIC, as noted earlier, the relapse rate was essentially equiva-
lent at WF and WPIC. There were also effects of site on the
mean (F110; = 7.02, P = 0.001) and maximum, (Fj3110) =
3.37, P = 0.04), oral VEN dosage. Post hoc comparisons indi-
cated that oral VEN dose (across the VEN-Li and NT-Li groups)
was higher at WPIC than WE, with WU being intermediate. The
magnitudes of these site differences were small.

Age exerted a significant effect in the ANCOVAs on oral
mean and maximum dosages of NT, VEN, and Li (all P’s <
0.02). In each case, older patients received smaller oral dosages.
However, there was no effect of age on blood levels of NT or
Li (all P’s > 0.21). Thus, it seemed that the sites successfully
adjusted oral dosage of NT and Li to produce substantial equiv-
alence in blood levels. Older patients had a substantial advantage
in this trial of relapse rate. This effect could not be attributed to
differences in age groups in blood levels of the medications.
Overall mean oral dosage (VEN) and blood levels (NT and Li)
were within the ranges targeted.

Finally, parametric survival analyses on survival time data
were conducted separately for patients treated with NT-Li or
VEN-Li in phase 2, with phase 1 medication condition, site, and
age as predictors. In separate analyses, mean blood level of NT,
mean blood level of Li, and mean oral dosage of VEN were
added as predictors. In none of the 6 analyses was there an effect
of phase 1 medication condition (medication vs PL). In all 6
analyses, there was a significant effect of age (all P’s < 0.02),
indicating that the protective effect of age on relapse was sig-
nificantly manifested in both phase 2 treatment conditions. In
no case was the oral dosage (VEN) or blood level (NT or Li)
related to relapse.

DISCUSSION

In this study, despite aggressive continuation pharmaco-
therapy, the overall relapse rate in the 6 months after remission
of a depressive episode with ECT was 50%. The size of the
patient sample makes it one of the larger randomized ECT data
sets in the modern literature. This geographically diverse sample
included unipolar and bipolar depressed patients and was rep-
resentative of the severely depressed, often treatment-resistant,
patients who are common in modern ECT practice. One site
reported significantly higher relapse rates than the others, and,
of course, these data contributed to raising the overall relapse
rate observed in the study as a whole. Other than the overall
relapse rate, however, this difference did not change the major
findings of the study, which were the same whether the site was
included in the analyses or not, mirroring a similar set of find-
ings in the report of the outcomes in the acute phase of ECT
treatment.'©

The first aim of this study was to determine whether
starting an antidepressant medication at the start of ECT resulted
in a reduction in relapse compared to the standard practice of
starting continuation pharmacotherapy only once ECT is com-
pleted. There was no evidence in this trial that the early start of
an antidepressant medication had any effect on post-ECT re-
lapse (Fig. 1). The second aim of this study was to determine
whether there was a difference in the efficacy or safety of post-
ECT continuation therapy with NT-Li compared to VEN-Li.
There was no evidence in this trial for a difference between the
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post-ECT continuation therapy regimens in relapse or adverse
effects. These findings were consistent across the sites.

It was surprising that we failed to observe any benefit of
the earlier start of antidepressant medication on relapse rate. As
seen in Figures 1 to 3, relapse in this trial and in previous pro-
spective studies' ¢ was most common in the period immediately
after completion of the ECT course. When designing this trial, it
seemed commonsensical that an earlier start of antidepressant
treatment would prove beneficial, especially given the view that
antidepressant treatment is associated with a substantial delay in
onset of therapeutic benefit. However, the findings of this trial
were clearly not supportive of this hypothesis. It should be
recognized, of course, that this trial only tested the potential
benefit of starting early the antidepressant component of the
combined treatment with Li. Owing to the potential of a nega-
tive interaction between Li and ECT, Li treatment is typically
discontinued during the acute ECT course.?*22 In our previous
multicenter, prospective trial, monotherapy with NT was dis-
tinctly inferior in relapse prevention compared to combination
NT-Li. Thus, it seems that Li contributes important protection
from relapse and that starting an antidepressant alone before the
completion of ECT does not contribute to relapse prevention.

Practically, the implications of this negative finding re-
garding the timing of antidepressant administration should be
considered in tandem with the earlier findings of this study.!®
The short-term efficacy of ECT was improved by the concomi-
tant administration of NT or VEN compared to PL. This effect
was substantial, corresponding to an approximately 15% im-
provement in remission rate. There was also suggestive evidence
that NT may have a protective effect on aspects of neuropsy-
chological function. Thus, the overall results of this trial provide
evidence of benefit for the coadministration of ECT and anti-
depressant medications. The benefit, perhaps surprisingly, is
reflected in short-term ECT outcome and not in the prevention
of relapse.

This study had careful standardization of medication
management procedures. As a result, NT levels averaged close
to the target of 100 ng/mL, and mean VEN oral dosage was near
the target of 300 mg/d. Lithium levels were typically approxi-
mately 0.5 mEq/L. Perhaps owing to the adequacy of dosing and
medication management, no relationship was seen between oral
dose or blood level of medications and relapse. Of note, older
patients were able to maintain similar blood levels compared to
younger patients, once again providing assurance as to the fea-
sibility of adequate administration of these medication regimens
in the elderly.

The second aim of this study was to contrast NT-Li and
VEN-Li as continuation therapies. Similar maintenance of re-
mission was obtained whether NT or VEN was used as the an-
tidepressant medication in the combination treatment. This
finding confirms that a second-generation antidepressant with
both serotonergic and noradrenergic effects can be used as the
antidepressant component of a pharmacologic relapse preven-
tion strategy. This may be of special import for patients who
have a contraindication to the use of NT. Both treatments were
well tolerated, apparently equally, and there was no difference in
adverse effect burden whether NT-Li or VEN-Li was used. The
presumed better tolerability of a second-generation agent did
not materialize in the quantitative analyses of adverse effects.

A variety of demographic and clinical variables were ex-
amined as potential predictors of relapse. Across the analyses,
and confirmed within each of the 2 pharmacological continuation
treatments, patients’ age was a robust and consistent predictor of
relapse. Older patients were substantially less likely to relapse
than younger patients, replicating an effect we first reported in
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our earlier multisite, post-ECT randomized, continuation phar-
macological trial.> This effect was not statistically significant (P
= 0.13) in the recent multisite comparison of continuation ECT
and NT-Li.® Of note, approximately half the acute ECT trials
that examined an association between patients’ age and short-
term efficacy reported a positive relationship,?® including a
large recent multisite study.>* Thus, it would seem that older
patients have an advantage in both short-term and longer-term
clinical outcome after ECT. It is very unusual in medicine for
therapeutic benefit for a treatment to increase with aging. The
fact that the benefit pertains to both acute efficacy and freedom
from relapse provides justification for the preferential use of this
intervention in late-life depression. At a mechanistic level, the
aspect of aging responsible for these associations is unknown.

Treatment resistance has been a predictor of ECT short-
term outcome in many,>*2>2¢ but not all,?’ studies. Indeed,
treatment resistance, as indexed by the number of failed ade-
quate antidepressant treatment trials in the current episode, was
a consistent predictor of short-term ECT clinical outcome in this
prospective multisite study.!® Similarly, in a number of studies,
treatment resistance has been a potent predictor of post-ECT
relapse.'*~>28 However, in this study, the traditional measure of
treatment resistance, the number of failed adequate trials, was a
significant predictor of acute ECT outcome but had only a
weak nonsignificant relationship with relapse. Secondary anal-
yses demonstrated that another measure of treatment resistance,
the total number of antidepressant trials in the current episode
(regardless of adequacy), had a robust relationship with relapse.
Inconsistency among studies in the relations of ATHF measures
of treatment resistance to ECT outcomes may be related to the
effort required to query sources about past treatment trials and
the limited reliability in determining the adequacy of treatments
given incomplete information regarding dose, duration, and
compliance. In this study, the measure that showed robust rela-
tions with relapse, the total number of trials, has significant
practical advantages. Its determination only requires knowledge
of what trials were attempted in the current episode, without
requiring knowledge of the determinants of adequacy. Deter-
mining which measures of treatment resistance are most pre-
dictive of ECT outcomes may have broad ramifications.
Assessment of treatment resistance has become common in
defining samples in antidepressant trials, and treatment resis-
tance has shown strong predictive value of antidepressant out-
comes for other brain stimulation interventions>*° and for
pharmacological treatment of major depression.3!-3?

Also of consequence were the clinical features and treat-
ment parameters that were unrelated to relapse. Polarity of de-
pression, the presence or absence of psychosis, the severity of
depressive symptoms at pre-ECT baseline, and current episode
duration (data not shown) had no relations with relapse. These
negative findings may help rule out some alternative explana-
tions for the link of age or treatment resistance with relapse.
Of note, however, Axis Il comorbidity was not assessed, and
there is substantial evidence that the short- and long-term effi-
cacy of antidepressant treatment may be influenced by this
dimension.>373> It is also noteworthy that the number of ECTs
received in the acute treatment phase and randomization to
high-dosage RUL ECT or low-dosage BL ECT had no impact
on relapse. Indeed, to our knowledge, no study has ever found
vulnerability to relapse after ECT to be related to ECT tech-
nique. Indeed, in several prospective trials in which patients
were randomized to ECT modalities that often differed mark-
edly in efficacy, there was no indication that forms of ECT
differed in relapse potential.>~*!* In other words, it may be
safely concluded that how one achieves remission with ECT
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(number of treatments and form of ECT administered) is inde-
pendent of the likelihood of relapse.

Although we did not find a difference between the 2
pharmacological continuation therapies in adverse effect bur-
den, these scores were strongly related to clinical outcome
during the follow-up period. Patients who relapsed reported
more severe adverse effects during the trial than those who
completed without relapse. In the earlier phase of the study, we
found that adverse effect (UKU) scores dropped markedly dur-
ing ECT compared to pre-ECT baseline and that the magnitude
of this change was associated with the change in HRSD
scores.!? Thus, in both phases of this study, clinical outcome
was strongly related to adverse effect scores. This pattern may
not be surprising given the overlap between depressive symp-
toms and some systemic adverse effects. Regardless, our find-
ings indicate that the reports of adverse effects were more
influenced by clinical state than the forms of treatment received
(ECT or pharmacology).

Each the 3 recent large multisite, prospective, randomized
trials of post-ECT continuation therapy (including this study)
found relapse rates in the order of 40% to 50% for optimal
forms of continuation pharmacotherapy or continuation therapy
with BL ECT.>® These are underestimates because some
patients drop out before relapse can be established. Thus, even
with aggressive continuation ECT or continuation pharmaco-
therapy, it seems that 50% or more of remitted patients will re-
lapse within 6 months of ECT completion, with the bulk of
relapse skewed to the early weeks after ECT. Two factors might
be weighed when considering this conclusion. First, it is possi-
ble that the methods used in these trials to declare “relapse” are
too sensitive and that a number of patients may experience
worsening a few weeks after ECT that is transient. This account
is speculative. In this study, we required a substantial increase in
the symptoms that was maintained for at least a week to desig-
nate relapse. We had no information on the duration of symp-
tomatic worsening in patients who were declared relapsed, and
this might be a subject of future investigation. Second, although
a 50% relapse rate after ECT is high and worrisome, it may not
compare unfavorably with the relapse rate reported in treatment-
resistant patients who achieve remission with pharmacological
agents. It has long been thought that continuing the pharmaco-
logical strategy that achieved remission was key to relapse
prevention after a short-term response to antidepressant medi-
cation.3® The findings of the STAR*D trial indicate that relapse
after remission increases at greater levels of treatment resistance
and are comparable to the rates found here.3!-32

Due to unexpected low collection of cognitive data, anal-
yses of cognitive outcomes were not possible, and represent a
limitation of the study.

In summary, this study confirmed that use of Li in com-
bination with 2 different antidepressants provides moderate pro-
tection against relapse. This study also broadened the choice of
antidepressant to include a second-generation compound in com-
mon use, VEN. A recent study also found similar outcomes using
a fixed schedule of continuation ECT without use of concurrent
psychotropics.® Along with the skewing of relapse to the first
several weeks after ECT, these observations suggest explora-
tion of other strategies to maintain remission. One strategy is to
taper ECT over a few weeks, thereby providing coverage while
medication regimens are being put in place. A second approach
common in community practice is to augment pharmacological
continuation therapy with ECT scheduled according to symp-
tomatic exacerbations. Alternatively, the first phase of this
study demonstrated augmentation of acute response to ECT
by concomitant antidepressant pharmacotherapy.!® This would

© 2013 Lippincott Williams & Wilkins

suggest that the combination of complete courses of continua-
tion pharmacotherapy with continuation ECT should be more
effective than alone. Using other forms of brain stimulation to
maintain remission is also worthy of exploration, although re-
petitive transcranial magnetic stimulation seems most useful
for less treatment-resistant depression,?®® and vagus nerve
stimulation, the only other brain stimulation treatment labeled
for use in depression and with evidence of long-term benefit,3’
is generally not covered by insurers. Study of other antidepres-
sants and mood stabilizers may also be warranted, and there is
justification to test agents with novel mechanisms. There remains
an urgent need for treatments that will improve on current prac-
tice options to maintain the still superior recovery from depression
that is achieved with ECT.
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