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ABSTRACT

Background: There is interest in using TMS to keep patients with severe relapsing depression as well as
possible, once remission has been achieved. This has been conceptualized as ‘maintaining’ the remission.
One protocol employs series of 5 TMS sessions over 3 or 5 days, at about monthly intervals. We have
suggested this practice is better conceptualized as early relapse (ER) TMS.

Aim: To determine whether 5 TMS sessions at about monthly intervals are effective in keeping patients
relatively well, and whether the concept of ER-TMS can be supported.

Method: Prospective, naturalistic, 10-month study, administering pre- and post-TMS series, HAMDS6,
visual analogue scale for mood, and CGI-S.

Results: Thirty-nine patients (72% female) received 168 series of 5 TMS sessions and remained in the
program for 21 weeks on average. Pre-post-treatment scores showed significant reductions on all
measures. Post-series HAMDG6 score 3.30 (2.28) indicates remission has been achieved. Pre-series scores
of 6.24 (2.78) indicate a post-series decline in mood, in the direction of relapse. Before TMS series 70%
were no longer in remission (being in partial remission or relapse), and after TMS series, 79% were in
remission.

Conclusion: In severe relapsing depression, monthly series of TMS move mood from the relapse/partial
remission range in the direction or remission and is appropriately termed early relapse ER-TMS. Long-

term availability of ER-TMS to patients with severe relapsing depression deserves consideration.

© 2018 Elsevier Inc. All rights reserved.

1. Introduction

Major depressive disorder (MDD) is common, painful and
disabling. Remission is difficult to achieve [1], relapse is common
[2], and 30—60% of those who have one episode will have further
episodes, with increasing frequency and severity over time [3].

The initial aim of acute treatment is ‘remission’, a state of low
levels of, or absent, symptoms [4]. An intermediate state of ‘partial
remission with residual symptoms’ reflects persistence of the orig-
inal disorder, in a milder form [4,5]. ‘Relapse’ describes the return of
the depressive episode [4,6]. ‘Recovery’ involves a prolonged period
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of remission, and indicates that depressive illness is no longer pre-
sent (however, ‘recurrence’ remains a possibility) [7].

The term ‘treatment-resistant depression’ (TRD) is widely used
and variously defined. Fava [8] states TRD refers to inadequate
response to at least one trial of an antidepressant, at an adequate
dose, for an adequate duration. Souery et al. [9] refer to an inade-
quate response to two adequate trials of different classes of anti-
depressants — this is more widely accepted and the definition we
adopted. Patients who come to TMS have almost universally failed
to respond to many treatment trials and by definition, suffer TRD,
with the classic features of slow/minimal improvement and a
tendency to relapse/deteriorate.

Resistance is a grave complication which can develop in patients
who were previously responsive to a treatment [ 10]. When residual
symptoms are present in the post-treatment state, relapse is more
likely [5,11,12].

Transcranial magnetic stimulation (TMS) is effective in the acute
treatment of TRD [13,14], but as with remissions induced by other
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means, relapse may occur. One report [15] found 10% had relapsed
at 6 months. A comparison of ECT and TMS found the relapse rate to
be similar, approximately 20% at 6 months [16].

In addition to producing remission in depressive episodes, there
is interest in TMS as a means of keeping people well, subsequent to
the acute treatment. The term “maintenance” (M —) TMS was
coined. One protocol continues stimulation sessions (following
TMS induced remission) but less frequently, for example, twice
weekly sessions in the early weeks, reducing over time, to a single
monthly treatment [17]. Such work has produced occasionally
encouraging results, but none have emphatically indicated the way
forward.

The concept of ‘clustered maintenance’ (CM-) TMS was intro-
duced by Fitzgerald et al. [ 18] and refers to (following TMS induced
remission), series of 5 TMS sessions over three days, at monthly
intervals — the aim being to ‘maintain the remission’. In our clinical
practice we have adopted a slightly modified model, providing 5
TMS sessions over either 3 or 5 days, and allowing/encouraging the
extension of the time between TMS series, beyond one month,
according to clinical progress.

We retrospectively studied 16 patients who had been treated
using the Fitzgerald CM-TMS model and found evidence of reduced
hospital admission rates [19]. We prospectively studied 33 CM-TMS
treatment series, and found evidence, in 29 presentations, of early
signs of relapse [20]. This led us to conceptualize the activity called
CM-TMS, not as a means of maintaining remission, but as a form of
early relapse (ER) treatment.

The aim was to determine whether patients (with TRD and a
history of recurrent relapse) who had responded well to sessions of
TMS, 1) suffered a measurable lowering of mood by 4 weeks (or
slightly more), and 2) experienced improved mood in response to
series of 5 TMS sessions over 3 or 5 days. Should this be the case, a
useful form of assistance for those with TRD would be demonstrated,
as would some theoretical support the concept and term: ER-TMS.

2. Method

This study was approved by the institutional ethics committee
and all participants provide written informed consent. The design
was a large, prospective, naturalistic study of the effects of series of
5 sessions of TMS over 3 or 5 days, at monthly or greater intervals,
administered to patients with a history of TRD who had responded
well to two acute courses of TMS.

2.1. Participants

Participants were recruited from a private psychiatric hospital in
Australia. Patients were included in the study if they had responded

to at least 2 courses of acute treatment TMS (left DLPFC, 110% RMT,
10 Hz, 4s trains, 75 trains, 20 sessions over 4 weeks) and had
experienced relapse within 3 months following the second last
successful acute course. Demographic details including age, gender,
and details of the periods between series of 5 TMS sessions were
collected and are displayed in Table 1.

2.2. Procedure

Four weeks after successful completion of the last acute course
of TMS, series of 5 TMS sessions were commenced on a monthly
basis (using the above parameters). The period between the series
of 5 TMS sessions was extended (if possible) according to clinical
progress.

Before and after each series of 5 TMS sessions, the following
were administered: 1) the six-item clinician rated Hamilton
Depression Rating Scale (HAMDS6) [21], 2) a six-item patient rated
visual analogue scale (VAS6) [22], and 3) the clinician rated Clinical
Global Impression Scale for Severity (CGI-S) [23].

2.3. Measures

HAMDG6: The HAMDG6 was our primary outcome measure of
severity. Remission, the state when symptom levels are low or
absent [4], has been operationalized as a HAMDG6 score of <4 [6,23].
Relapse describes the return of the depressive episode after
remission [4,6] has been operationalized as a HAMDG6 score of >7
[24,25]. An intermediate state of partial remission with residual
symptoms sits between remission and relapse [4,5] and corre-
sponds to HAMDG scores of 5 and 6.

VASG6: The VAS6 anchor points reflected the items of the HAMDG6
and were placed either end of 10 cm lines: No depression — Worst
possible depression; Activities give normal pleasure — Activities
give no pleasure; No physical health concerns — Extreme physical
health concerns; No feelings of guilt — Extreme feelings of guilt;
Not anxious — Most anxious possible. The 6th HAMDG6 item con-
cerns ‘retardation’ - in an inexact match we chose the (subjective)
anchor points: No concentration problems — Most possible con-
centrations possible.

CGI-S: The CGI-S, an objective metric based on the clinical
experience of staff, was used as the indicator of the severity in
another TMS study [26] and we selected it as a secondary measure.

2.4. Data analysis

Descriptive statistics were used to present participant charac-
teristics. Paired samples t-tests were used to understand changes in
the pre-post scores for each treatment series using Cohen's d for

Table 1
Participant characteristics.
N M SD Range
Age 39 494 16.3 25—86
Sex 28 female (72%)
11 male (28%)
SEIFA 994 65 851-1084
Prior ECT 26 (67%)
Average number of psychotropic medication types 22 0.8 1-4
Currently taking 1 antidepressant 11
Currently taking >1 antidepressant 26 (97%)
Current anticonvulsant 10 (26%)
Currant antipsychotic 11 (28%)
Current lithium 6 (15%)
Current other psychotropic medication 17 (44%)
Length psychiatric history (years) 11.8 9.2 1-30

ECT, Electroconvulsive Therapy; SEIFA, socio-economic indexes for areas.
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effect sizes. Chi square tests were used to explore differences in
diagnostic categories pre and post treatment. Mixed modelling using
random effects was used to understand the influence of number of
treatment series and time between treatment series on the pre, post
and change scores of the primary outcome variable for participants
commencing the maintenance program for the first time during the
study period. All data were entered into SPSS 24 for analysis.

3. Results

In the 10 months from Jan 1, 2017, 39 patients presented. Twelve
patients were already in the program on January 1, 19 were in the
program at the end of the period, and 20 patients had entered and
left the program. Table 1 shows the demographic details of the
participants. On average, the participants had over 10 years of
psychiatric history, were taking over 2 types of psychotropic
medications, and 67% had previous electroconvulsive treatment.

Neighbourhood socioeconomic disadvantage was measured
using the Socio-Economic Indexes for Areas (SEIFA) Disadvantage
Index corresponding to the participant's postcode of residence
(Australian Bureau of Statistics, 2013). The SEIFA of participants was
similar to the Australian average (M=1000,SD = 100),
t(38)=0.586, p=0.651, indicating the treatment group was of
average socio-economic status.

Over the 10 months we delivered 168 series of 5 TMS sessions.
The mean number of series delivered to each individual was 3.6
(range 1-10), and the mean number of weeks between series was
4.9 weeks (SD = 1.6, range = 2—14). Patients remained in the pro-
gram for an average of 21 weeks (SD = 14.4, range = 4—45).

Of those who left the program during the year, none were lost to
follow-up, one remained well and discontinued with clinician
support, 5 experienced insufficient benefit to justify patient
inconvenience, 6 had extenuating circumstances, including preg-
nancy, and 8 experienced relapse.

3.1. Pre-post scores

Paired samples t-test showed a significant reduction in HAMD6
total, VAS6 total and CGI-S pre and post scores with large effect
sizes, Table 2. On the HAMDG the average pre-treatment score was
within the partial remission stage and the average post-treatment
score was within the remission range. Patient and clinician re-
ported depression change scores showed significant positive
agreement (VAS6 and HAMDG6 r =.613, p <.001; VAS6 and GGI-S
r=.534, p<.001).

The post-treatment outcome on the HAMDG total score for pa-
tients in 3 pre-treatment categories (Remission, Partial Remission,
and Relapse) are displayed in Table 3. A chi square analysis showed
there was a significant difference in categories pre and post treat-
ment on the HAMDG. At the beginning of treatment 30% of patients
were in remission, 70% of patients were in partial remission (28%)
or relapse (42%). Following treatment only 14 patients were in
relapse (8%), 22 cases were in partial remission (13%) and 132 cases
were in remission (79%). In brief, before TMS series 70% were no
longer in remission (being in partial remission or relapse), and after
TMS series, 79% were in remission.

Table 2
Pre-post scores for combined series of 5 TMS sessions (N = 168).

Pre Post t p Cohen's d

HAMDG Total M (SD) 624 (2.78)  330(228) 1637 <001 1.29
VASG Total M (SD)  24.62 (12.18) 16.53 (10.90) 11.96 <.001 0.92
CGI-S Total M (SD)  2.99(0.93)  1.96(0.85) 16.10 <001 1.25

Table 3

Pre- and Post-treatment HAMDG scores (raw numbers and % totals across rows).
Pre-treatment Post-treatment Totals

Remission®  Partial Remission® Relapse®

Remission® 49 (98%) 0 (0%) 1(2%) 50 (30%)
Partial Remission” 43 (92%) 3 (6%) 1(2%) 47 (28%)
Relapse® 40 (56%) 19 (27%) 12 (17%) 71 (42%)
Totals 132 (79%) 22 (13%) 14 (8%) 168 (100%)

2 Remission <4.
b Partial remission 5&6.
¢ Relapse >7.

3.2. Number of, and time between, TMS series

The new patients (N = 27; those who commenced the program
during the study period) were explored to understand if there was
an influence of number of series of TMS, or time between TMS
series, on depression scores. This was 1) to explore whether addi-
tional series of treatments influenced whether the patient
continued to relapse, and 2) to explore whether there was an in-
crease in the time between treatment series which may have
related to patients remaining well for longer.

Fig. 1 shows the average HAMDG6 scores pre and post each
treatment series for the new group of patients.

There was no significant influence of the number of series or
number of weeks between series on the HAMDG6 pre scores (series
number p=.554, time between p=.773), post scores (series
number p =.884, time between p =.494), or change in HAMD6
scores (series number p =.561, time between p =.683). This indi-
cated that HAMDG scores at the start of each treatment series, end
of each treatment series and the change in scores before and after
treatment series were not influenced by the number of series
received or the time between series.

4. Discussion

This study aimed to understand if ‘clustered maintenance’ TMS
was better conceptualized as ER-TMS. Our finding of the majority of
patients (70%) not being in remission (that is, partial remission or
relapse) at the beginning of each treatment series confirms this
notion. That at the conclusion of each treatment series the majority
of patients (79%) were in remission highlights the effectiveness of
ER-TMS to bring about symptom reduction.

We chose the HAMDE as it is superior to the HAMD17 in terms of
transferability, scalability and responsiveness [27,28]; it is unidi-
mensional [29] and can be managed in a busy service clinic.

From one point of view, limitations of this study include its open
nature and lack of a placebo group. However, our point of view is
from the real world, where patients suffer comorbidities (including
personality issues), use substances, and have received only modest
benefit from the recommended pharmacological agents.

All the patients in this study suffer TRD, a group which is
extremely difficult to help. Thase and Swartz [10] have described
TRD as demonstrating a progressive deteriorating illness course
over time. Such patients are difficult to move to remission, and
often, for no apparent reason, slip back into partial remission or
relapse. In the presence of residual symptoms, relapse is common,
and Paykel [4, page 435] states the presence of residual symptoms
indicates the “persistence of the original disorder”.

It is important to emphasize that HAMDG scores at the start of
each series, end of each series and the change in scores before and
after series were not influenced by the number of series received or
the time between series. This indicates a chronic disorder which is
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Fig. 1. Average pre and post scores on the HAMD®6 for new patients across TMS series. Horizontal lines at 4 and 7: <4 indicates remission, >4 to <7 indicates partial remission with

residual symptoms, and >7 indicates relapse. Eight cycles are depicted.

I cannot afford colour — but, if colour is free [not mentioned in advice to authors] — the following may be acceptable.

relieved, but not cured, by this form of treatment. In other words,
this treatment needs to be continued.

Thus, the patients here described suffer a painful, dangerous
disorder which is generally unresponsive to treatment, and which
is associated relapse and disability [30]. This study demonstrates
that some patients with difficult to manage depression can be kept
well with series of 5 TMS sessions delivered at about monthly in-
tervals. By “kept well” we mean that such patients remain and
function in the community. There is some lowering of mood over
weeks, but acute, prolonged and disruptive episodes of illness and
treatment were avoided by planned, brief series of treatment.
While there was lowering of mood over weeks, using this regimen,
over the 10-month period, of 39 patients, only 8 relapsed. Following
their second last acute (20 session course) of TMS, all of these pa-
tients had relapsed and required a further acute, protracted course
of treatment. With the assistance of ER-TMS, at the time of
reporting, these patients had remained in the program, not needing
protracted treatment, for more than 21 weeks. Our earlier retro-
spective study also found an increased time to relapse [20].

Fitzgerald et al. [18] found that, following successful acute
treatment, clusters of 5 TMS sessions at monthly intervals extended
patients periods of wellness. They attributed this to the mainte-
nance of the remission. The current study demonstrates that pa-
tients treated with this protocol may drift from remission into
partial remission or relapse in a period of weeks, but remain rela-
tively well because the early application of 5 TMS sessions restores
remission, or at least, improves mood. These results support our
earlier theory (Pridmore et al., 2017) that CM-TMS would be better
conceptualized as ER-TMS.

TMS is not widely available in any country. Should the findings
of this study be replicated, the question becomes, to what extent is
society prepared to assist people with TRD who are responsive to
ER-TMS? Continuous psychotherapy [4] and indefinite pharmaco-
therapy [31] have been described. Deep brain stimulation [32] and
physician-assisted death [33] are potential future strategies. In this
context, long-term ER-TMS may have a place. It is our clinical
experience that after months or even years, some patients have
achieved recovery.

It is important to highlight that, due to the current lack of
funding for TMS in Australia, patients must be admitted to private
hospitals, so that the cost of their treatment can be covered by the
hospitalization rebate. Thus, in addition to ER-TMS, our patients
receive the benefits of removal from stressors and the support and
encouragement of hospital staff. However, while periods of hospi-
talization may please some, regular hospitalization is an annoyance
to many individuals who wish to be at home or work, to the extent
that some have refused this form of help because of the hospitali-
zation requirement.

The next step, and one we are considering, is to determine
whether out-patient ER-TMS provides the same benefits as in-
patient ER-TMS.
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