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Background: Suicide attempts and completed suicides are common, yet there are no proven acute
medication or device treatments for treating a suicidal crisis. Repeated daily left prefrontal repetitive
transcranial magnetic stimulation (rTMS) for 4e6 weeks is a new FDA-approved treatment for acute
depression. Some open-label rTMS studies have found rapid reductions in suicidality.
Design: This study tests whether a high dose of rTMS to suicidal inpatients is feasible and safe, and also
whether this higher dosing might rapidly improve suicidal thinking. This prospective, 2-site, random-
ized, active sham-controlled (1:1 randomization) design incorporated 9 sessions of rTMS over 3 days as
adjunctive to usual inpatient suicidality treatment. The setting was two inpatient military hospital wards
(one VA, the other DOD).
Patients: Research staff screened approximately 377 inpatients, yielding 41 adults admitted for suicidal
crisis. Because of the funding source, all patients also had either post-traumatic stress disorder, mild
traumatic brain injury, or both.
TMS methods: Repetitive TMS (rTMS) was delivered to the left prefrontal cortex with a figure-eight solid
core coil at 120% motor threshold, 10 Hertz (Hz), 5 second (s) train duration, 10 s intertrain interval for 30
minutes (6000 pulses) 3 times daily for 3 days (total 9 sessions; 54,000 stimuli). Sham rTMS used a
similar coil that contained a metal insert blocking the magnetic field and utilized electrodes on the scalp,
which delivered a matched somatosensory sensation.
Main outcome measure: Primary outcomes were the daily change in severity of suicidal thinking as
measured by the Beck Scale of Suicidal Ideation (SSI) administered at baseline and then daily, as well as
subjective visual analog scale measures before and after each TMS session. Mixed model repeated mea-
sures (MMRM) analysis was performed on modified intent to treat (mITT) and completer populations.
Results: This intense schedule of rTMS with suicidal inpatients was feasible and safe. Minimal side effects
occurred, none differing by arm, and the 3-day retention rate was 88%. No one died of suicide within the
6 month followup. From the mITT analyses, SSI scores declined rapidly over the 3 days for both groups
(sham change �15.3 points, active change �15.4 points), with a trend for more rapid decline on the first
day with active rTMS (sham change �6.4 points, active �10.7 points, P ¼ 0.12). This decline was more
pronounced in the completers subgroup [sham change �5.9 (95% CI: �10.1, �1.7), active �13 points (95%
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CI: �18.7, �7.4); P ¼ 0.054]. Subjective ratings of ‘being bothered by thoughts of suicide’ declined non-
significantly more with active rTMS than with sham at the end of 9 sessions of treatment in the mITT
analysis [sham change �31.9 (95% CI: �41.7, �22.0), active change�42.5 (95% CI: �53.8, �31.2); P ¼ 0.17].
There was a significant decrease in the completers sample [sham change �24.9 (95% CI: �34.4, �15.3),
active change �43.8 (95% CI: �57.2, �30.3); P ¼ 0.028].
Conclusions: Delivering high doses of left prefrontal rTMS over three days (54,000 stimuli) to suicidal
inpatients is possible and safe, with few side effects and no worsening of suicidal thinking. The sug-
gestions of a rapid anti-suicide effect (day 1 SSI data, Visual Analogue Scale data over the 3 days) need to
be tested for replication in a larger sample.
Trial registration: ClinicalTrials.gov Identifier: NCT01212848, TMS for suicidal ideation.

� 2014 Elsevier Inc. All rights reserved.
Introduction were hospitalized because their thoughts of suicide were so intense
Suicide is the 10th leading cause of death for Americans of all
ages and is the number two killer of US young adults [1,17,23,27,37].
More Americans now die from suicide than die from car accidents
[2,3]. Someone in the US dies by suicide every 13 min [3]. Suicide is
a major problem in the military [4]. For the past several years more
soldiers have died by suicide than were killed in combat [5,6].
Eighteen US veterans die each day by suicide [7].

Despite these grim statistics, clinicians have no truly effective
treatment for acute suicidal crisis. Much of the research in the area
of suicide has focused on understanding risk factors and trends,
while perhaps undertaking large initiatives to reduce overall rates.
Much less attention has been paid to developing new treatments
for patients who are actively struggling with thoughts of suicide or
who have recently tried to kill themselves. Recently there is
renewed interest in acute treatments that have anti-suicide effects
such as electroconvulsive therapy (ECT) [8], clozapine, lithium
[9e11] and ketamine [12]. While suicide is common, it remains
relatively rare, requiring large samples with extended followup to
show an effect [13]. However studying enriched samples e patients
who have recently attempted suicide e is particularly difficult, and
these patients are often deemed too sick to study [14]. Thus, there
have been relatively few controlled studies of interventions in the
acute setting of a recent suicide attempt; what we refer to in this
manuscript as a ‘suicidal crisis.’ Patients attempting suicide and
those at high risk are routinely hospitalized in order to keep them
from killing themselves and to remove them from the stresses in
their lives that may be aggravating the situation. Hospital admis-
sion, with its structure and counseling, does result in reductions in
suicidality [15,16]. Commonlymedications are adjusted or changed;
however, the effect of antidepressant medications requires several
weeks and thus is unlikely to quickly treat the suicidal crisis [17].

Repeated daily left prefrontal rTMS is a non-invasive approach to
treating depression, differing from medications and electrocon-
vulsive therapy (ECT) [18,19]. The FDA has now cleared two devices
for treating depression. Recent studies suggest that stimulating the
prefrontal cortex non-invasively with transcranial magnetic stim-
ulation (TMS) might rapidly reduce suicidal thinking [20]. Other
open-label studies have demonstrated the feasibility of delivering
higher doses of TMS in a short timeframe [21].

Daily prefrontal TMS is thought to treat depression by improving
cortical-limbic regulatory control over emotional drive [18]. Some
researchers have conceptualized suicidal crisis as a dysfunctional
brain event (like a stroke). Although patients are not routinely
psychotic, there is clear evidence that the governing prefrontal
cortex is unable to do its job of regulating emotional drive, put
problems in context, and plan for the future [22].

We therefore conducted this study to test the safety, feasibility,
and potential efficacy of delivering high doses of rTMS to suicidal
inpatients. As mentioned above, studying these patients is difficult,
for both regulatory and administrative reasons. We sought in-
patients either who recently attempted to kill themselves or who
that they were not safe. Because no prior data existed about the
safety of using TMS in this setting, or of this high dose of TMS to a
vulnerable population such as patients in suicidal crisis, we could
only conduct this first study in an inpatient setting. Moreover, as
there were no efficacy data for treating suicidality with rTMS, and
because patients were in a critical, life-threatening condition, we
were ethically compelled to conduct this study in an adjunctive
fashion such that subjects also received their prescribed anti-
suicidal treatments, which allowed subjects to get the full bene-
fits of hospitalization, medication changes and counseling.

Methods and materials

Study overview

The study was conducted at 2 study sites in the United States:
Ralph H. Johnson VA Medical Center (RHJVAMC) associated with
the Medical University of South Carolina, Charleston, SC; and
Walter Reed National Military Medical Center (WRNMMC),
Bethesda, MD. Active enrollment extended from December 2010
through March 2013, with 6 month followup complete by August
2013. This study was part of the INjury and TRaUmatic STress (IN-
TRuST) Consortium, coordinated through the University of Califor-
nia, San Diego (UCSD) funded by the Department of Defense.
Because of this funding source and the desire to integrate these data
with the larger consortium database, patients had to have post-
traumatic stress disorder (PTSD) or traumatic brain injury (TBI) or
both, in addition to being suicidal. The Institutional Review Board
(IRB) at each center approved the protocol (as did the UCSD and US
Army Medical Research and Materiel Command (USAMRMC) Hu-
man Protection Research Office (HRPO)), and all subjects provided
written informed consent. An independent Data and Safety Moni-
toring Board (DSMB) through the INTRuST Consortium reviewed
participant safety and progress of the study. The data were pro-
cessed, managed and organized by the INTRuST Informatics Core at
UCSD, with primary statistical analyses conducted by independent
statisticians (RR, SJ, and XS) from the INTRuST Biostatistics Core.
Site monitoring was conducted by the INTRuST Consortium.

The study was designed as an acute intervention delivered
during the first few days of hospitalization as an adjunctive inter-
vention in addition to all other interventions, including workup for
ECT but not including active ECT treatment (see Fig. 1). In fact, no
subjects went on to receive ECT in the index admission. Addition-
ally, after discharge patients were followed up for 6 months, with
standard clinical care and without additional study intervention
(extended safety phase).

Subjects

Patients were recruited from the inpatient wards at the two
sites. Two investigators (CGP, GGG) were inpatient psychiatrists and
would thus monitor admissions for eligible patients. The attending

http://ClinicalTrials.gov


Figure 1. Design of the study e Inpatients admitted for suicidal crisis were consented within the first few days of admission, given ratings, and then had three days of treatment
with either active or sham TMS. Participation in this study was done adjunctively. That is, patients stayed on their current medications and had other counseling and adjustments
made by the clinical staff.
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physician (or another physician if there was a conflict) would then
approach the patient about participation, and if they agreed, then
patients were screened by study staff.

We enrolled inpatients who were admitted because of suicidal
ideation (or attempt), aged 18e70 years, with a Beck Scale of Sui-
cidal Ideation (SSI) score � 12 [23], and a score of at least 3 on
Question #3 of the Hamilton Rating Scale for Depression [24]. Pa-
tients must have been in a depressive episode (unipolar or bipolar
II, non-psychotic), as defined by Diagnostic and Statistical Manual
(DSM)-IV. Because of the funding source and the desire to merge
these data with other clinical trials within the consortium, they
must also have had a diagnosis of post-traumatic stress disorder
(PTSD), or mild traumatic brain injury (TBI), or both. The diagnosis
of PTSD was made according to DSM-IV by clinical history, and then
confirmed by the overall study PI. The diagnosis of mTBI was also
made clinically in accordance with the American College of Reha-
bilitation Medicine (ACRM) criteria [25]. Women must have had a
negative urine pregnancy test. Patients must have been able to
speak English and have been competent to give informed consent.
We excluded patients who had clinically unstable medical illnesses,
metal in their head, a history of seizures, borderline personality
disorder, or homelessness (at the Charleston site only, defined as
having no address), those were committed to the hospital under
court order, and those with schizophrenia or psychosis, bipolar
disorder type I, or dementia. We excluded subjects who had
repeatedly abused or were dependent upon drugs within 6 days of
study entry. We allowed patients who had been drinking alcohol to
participate, but only after their vital signs were stable with no signs
of alcohol withdrawal, as documented by a clinical institute with-
drawal assessment for alcohol (CIWA protocol). Patients were
allowed to remain on their current medications or to have medi-
cations changed or added with the exceptions of theophylline,
stimulants such as methylphenidate, or the antidepressant bupro-
pion (as these raise the potential risk of a TMS-induced accidental
seizure).

rTMS treatment sessions

We used a Model 2100 magnetic stimulator (Neuronetics, Inc.,
Malvern, PA; NS 0226 A 15VAC-C) consisting of a controller/power
supply and three solid iron core coils (active labeled, active not
labeled and sham not labeled) that were placed in a support plat-
form for consistent coil position and repositioning. This same TMS
system was used in the OPT-TMS trial [26]; however, a slightly
different active sham system was controlled by a “smart card,”
which is a preprogrammed credit card-sized plastic card with a
flash memory chip imbedded. After randomization at UCSD, each
subject was assigned an initial smart card (active or sham), which
sensed whether the appropriate TMS coil for that patient (sham or
active) was attached and then drove the TMS device appropriately.
Active and sham coils were labeled randomly as either b or c,
varying across sites and throughout the trial. Both active and sham
coils were unmarked and appeared identical. An open label coil was
used to determine a subject’s motor threshold using the parameter
estimation with sequential testing (PEST) algorithm and visible
movement in the right hand [27e29]. The sham system is the same
as that used in the OPT-TMS trial, where the sham antidepressant
response rate was only 5%. We thus theorize that the sham system
does not itself have any biological antidepressant or anti-suicidal
activity. This sham is not the same as tDCS, as the stimulation is
only intermittent, coordinated with the firing of the TMS device
[30]. The active sham setup consisted of a transcutaneous electrical
nerve stimulation (TENS) unit connected through a splitter device
attached to electroconvulsive therapy (ECT) electrodes positioned
directly under the TMS coil [31]. The TMS machine sent out a
transistoretransistor logic (TTL) pulse trigger to the splitter device
at which point the device was toggled to either coil b or c. For those
assigned to real TMS, the sham system was inactive. For a subject
randomized to sham, the splitter device allowed the TENS unit
stimulation to pass to the electrodes while the sham TMS coil fired.
The sham coil mimics the noise and placement of the active coil
[32,33]. The coil was not actively cooled and did in fact get hot
during some treatments.

For treatments, subjects were seated in a semi-reclined chair
with a foam headset in a head-holder. This chair was located either
in a separate room on the inpatient unit (WRNMMC) or in a labo-
ratory just outside the door of the unit (RHJVAMC).

TMS treatment parameters

Repetitive TMS (rTMS) was delivered to the left prefrontal cor-
tex, defined as a location 6 cm (cm) anterior to the right handmotor
thumb area. Trained treaters, who were not raters, delivered the
treatments. rTMSwas deliveredwith a figure-eight solid core coil at
120% motor threshold, 10 Hertz (Hz), 5 s (s) train duration, 10 s
intertrain interval for 30 min (6000 pulses) 3 times daily for 3 days
(total 9 sessions, 54,000 stimuli). These parameters are slightly
greater than the published safety guidelines (10 Hz at 120% for only
4.2 s is within) [34]. The safety guidelines also do not address the
total dose of stimulation, or the number of stimuli in a given day or
week. Variations were allowed in the dosing schedule to accom-
modate the patient’s inpatient schedule and staffing needs, with at
least 1 h between sessions. Treatments were done on consecutive
days, with the goal to deliver 9 sessions over three days. Some
patients required a 4th day to get all 9 treatments done. Adverse
events were assessed at each treatment session as well as daily.
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Prior to and then immediately after each TMS session, subjects
completed visual analog scales (VAS) on a desktop computer
located next to the TMS chair. Patients wore earplugs and were not
allowed to sleep. Counseling or other conversation during treat-
ment was discouraged. At both sites following an adverse event
described below at about 30% final enrollment, a small foam insert
was placed between the coil and the scalp. Additionally, the coil was
monitored with an external thermostat and then replaced within a
session if the temperature exceeded 42 �C (Table 1).

Concomitant treatments

Inpatient medical staff were told to continue to adjust medica-
tions and perform all ‘treatment as usual,’ including counseling,
support and workup for electroconvulsive therapy (ECT) if
indicated.

Efficacy assessments

Trained and blinded study staff (raters) administered the Beck
Suicidal Scale Inventory (SSI) to subjects at baseline and then at the
end of each day during their three treatment days. A custom-
developed Visual Analog Scale (VAS) questionnaire was adminis-
tered on a laptop computer pre and post each treatment session.
Subjects were asked to rate their treatment experiences using the
following descriptors: happy, irritable, angry, excited, confused,
calm, sad, anxious, nervous, bored, relaxed, tired, distracted, pain,
discomfort, and suicidality. VAS scores were converted to a scaling
of 0e100 points. On post treatment questions only, subjects were
asked about the painfulness of the procedure at the beginning,
middle and end of each treatment. Appendix 1 provides the ques-
tions. The program presents all questions at each session, but in a
constantly-changing random order across different sessions. As
part of the planned statistical analysis protocol devised before
unblinding, we decided to perform analyses on 3 suicide-related
questions, 3 mood questions, and 2 anxiety/irritability questions.
We also analyzed the painfulness questions. Other secondary effi-
cacy outcomes include the HRSD, MADRS, C-SSRS and CAPS which
were collected at baseline, before discharge from the index
admission, and at followup visits at month 3 and 6.

Safety assessments

Research staff used the MedDRA System Organ Class (SOC) and
preferred term (PT) to document adverse events, which were
assessed at each treatment, and at followup visits.

Integrity of the blind

At the end of the first day of TMS treatments (Day 1) and at the
end of Day 3 (last rTMS treatment) subjects, TMS treaters
and clinical raters were asked to indicate their best guess (forced)
as to which treatment group a subject was assigned and their
Table 1
rTMS parameters used in this study.

Study # Pulses/session # Pulses/day Total pu

George (1997) [59] 800 800 8000 (
O’Reardon (2007) [36] 3000 3000 60,000 (
George (2010) [26] 3000 3000 45,000 (
Zangen, in press 1980 1980 39,600 (
Andersen (2006) [35] 12,960 12,960 38,880 (
Holtzheimer (2010) [21] 1000 5000/10,000 15,000 (
This study 6000 18,000 54,000 (
confidence in their guess (extremely, considerably, moderately,
slightly, not at all).
Statistical methods

The primary outcome (SSI) was analyzed using an MMRM
(mixed model repeated measures) approach based on a modified
intent-to-treat (mITT) population. The mITT population was
defined as randomized subjects who started at least one treatment.
Participants from the mITT population who were included in the
MMRM model also required both a baseline and at least one post-
baseline SSI score. The model included as the dependent variable
change from baseline in SSI total score at each post-baseline visit
during the acute phase. Independent variables in the MMRMmodel
included treatment, visit, treatment-by-visit interaction, SSI total
score at baseline, gender, age at baseline and diagnosis. Visits (Days
0, 1, 2, 3) were treated as a categorical variable. Unstructured
variance-covariance structure was used. This same analysis was
also repeated on the completers population, defined as subjects
who completed 3 days of treatment with the scheduled maximum
6000 pulses per session.

Analyses of VAS data were conducted using a similar MMRM
approach. Each VAS item was analyzed separately. For the suicide,
mood and anxiety items, the model included as the dependent
variable change scores from pre-session 1 (session prior to inter-
vention) to each post-session (sessions 1e9) during the acute
phase. Independent variables included treatment, session,
treatment-by-session interaction, VAS score at pre-session 1,
gender, age at baseline, and diagnosis. Painfulness questions
collected only at each post-session were analyzed using an MMRM
approach with post-session scores as the dependent variable. In-
dependent variables remained the same.

Descriptive analyses were performed to compare baseline data
between treatment groups. Categorical variables were evaluated
using Fisher’s exact test. Continuous variables were analyzed with
Wilcoxon’s rank sum test.

Safety data were summarized overall and by treatment groups.
Fisher’s exact test was used to compare the number of subjects
between groups who experienced any adverse events. Length of
hospital stay was compared using Wilcoxon Rank Sum test. Time to
re-admission was analyzed with log-rank test.

Other secondary efficacy outcomes (HRSD, MADRS, CAPS and
SSI) for the extended safety phase were analyzed with MMRM
model. The model included the change from baseline at each
follow-up visit as the dependent variable. Independent variables
included treatment, visit, treatment-by-visit interaction and base-
line score.

The integrity of the blind was analyzed by tables and Fisher’s
exact test.

All statistical analyses were performed in R version 2.14.0.
Because this is an early phase study, no adjustments were made for
multiple comparisons, and a P-value of 0.05 was considered to be
statistically significant.
lses % Motor threshold Hz Intertrain interval (s)

in 2 weeks) 80% 20 58
in 4 weeks) 120% 10 26
in 3 weeks) 120% 10 26
in 4 weeks) 120% 18 20
in 3 days) 80e120% 1e20 Varied
in 2 days) 100% 10 25
in 3 days) 120% 10 10
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Results

Patients

377 patients were screened (98 WRNMMC; 279 RHJVAMC), and
78 were found eligible (37 WRNMMC; 41 RHJVAMC). 42 subjects
were randomized; however, one was removed from analysis due to
incorrect consent. Thus 41 were randomized correctly (14
WRNMMC; 27 RHJVAMC; 21 sham, 20 active). True completers
were those subjects who completed three days of treatment with
the maximum 6000 pulses per session. Only 27 of the 41 were true
completers (9 WRNMMC; 18 RHJVAMC; 17 sham, 10 active). 5
subjects were acute phase early discontinuations [2 prior to treat-
ment, 2 withdrew consent before completion of treatment, and 1
Figure 2. Consort diagram e Virtually all patients admitted to the two wards during the enro
for obvious reasons such as not being suicidal, or being psychotic or having a substance abu
the modified ITT sample. There were 10 active completers versus 17 sham completers who c
and is not reported in this manuscript.
subject was discontinued due to a heat induced burn (see below)]
(Fig. 2).

Table 2 shows that basic demographic variables are similar
between the two groups. Table 3 shows the concomitant medica-
tions patients were taking. Many patients were taking multiple
medications. The only large differences between the two groups are
that the active TMS patients were taking more benzodiazepines
than the group randomized to sham, and that the active group had
higher rates of current substance abuse.

SSI change scores

The MMRM statistical analysis on the mITT population indicates
that both groups improved over the 3 days of treatment (mean
llment period were indirectly screened for potential inclusion, but many did not qualify
se disorder. 42 patients were randomized to either active [18] or sham [21] TMS. This is
omprise the completer sample. The extended phase of the study is still under datalock



Table 2
Baseline characteristics of the study participants.a

Variable Sham (N ¼ 21) rTMS (N ¼ 20) Total (N ¼ 41)

Age (yr) 46.1 � 15.9 38.7 � 15 42.5 � 15.7
Male sex e no. (%) 17 (81%) 18 (90%) 35 (85%)
White race e no. (%) 14 (67%) 15 (75%) 29 (71%)
Education (yr) 13.5 � 1.9 13 � 1.8 13.3 � 1.9
Diagnosis e no. (%)
mTBI only 1 (5%) 0 (0%) 1 (2%)
PTSD only 10 (48%) 7 (35%) 17 (42%)
Both mTBI and PTSD 10 (48%) 13 (65%) 23 (56%)

Past substance
Abuse/dependence

6/19 (32%) 7/13 (54%) 13/32 (41%)

Current substance
Abuse/dependence

2/19 (11%) 6/13 (46%)*** 8/32 (25%)

SSI totalb 20.8 � 5.3 21.7 � 5.7 21.2 � 5.5
Length of stay before start

of treatment (days)c
4 (2, 6) 2 (2, 3.75) 2 (2, 5)

***P < 0.05.
a Pluseminus values are means � SD. There were no significant differences

between groups with regard to baseline characteristics.
b SSI total ranges from 0 to 38, and higher scores indicate greater suicidal ideation.

SSI Total score is only available for 19 of the rTMS subjects at baseline.
c Length of stay is reported with median (inter-quartile range).
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change from baseline at day 3 ¼ �15.3 and �15.6 for sham and
rTMS groups, respectively), however there is no significant treat-
ment difference (see Fig. 3). There is a trend toward more
improvement in the TMS group versus sham at day 1 (P ¼ 0.12 in
the mITT analysis; P ¼ 0.054 in the completers’ analysis); however,
this difference normalized at days 2 and 3. The SSI scoring algo-
rithm assumes that the total score equals to 0 if someone responds
no to the first five questions. It thus quickly goes to 0, and does not
have full range at low amounts of suicide. We thus also examined
how many subjects scored zero after day 1 [mITT (active 4/16, 25%,
sham 2/20, 10%, NS) and day 3 (active 6/14, 43%, sham 8/20, 40%,
NS), completers, active 4/10, 40%, sham 2/17,12%, NS) and day 3
(active 4/9, 44%, sham 8/17, 47%, NS)].
Subjective visual analog scores

VAS examined participants’ current suicidal ideation as well as
moods, such as sadness, happiness, tiredness, irritability and anx-
iety; painfulness of treatment was also assessed.
Table 3
Concomitant medications.

Medication class Total Active Sham

Antipsychotic
Haloperidol 3 1 2
Olanzapine 2 2
Quetiapine 7 4 3
Aripiprazole 2 2

Benzodiazapine 15 11 4**
Tricyclic 1 1
SSRI 20 10 10
NSRI 8 3 5
Trazodone 10 6 4
Mirtazapine 8 5 3

Mood stabilizer
Gabapentin 14 8 6
Valproic acid 2 1 1
Carbamazepine 2 2
Lamotrigine 4 1 3
Topiramate 3 2 1
Lithium 2 2

103 59 44

Figure 3. SSI Overall Scores (A. mITT, B. completers) These are changes from baseline
in the Beck Suicidal Ideation Score by group. In the completer analysis (B) there is a
marked reduction in scores on the first day (P < 0.05).
Current suicidality

Figure 4 shows the change in score from pre-session 1 at each
post-session by treatment groups. The mITT analysis indicates that
although there is more decline in the TMS group as compared to the
sham group, the difference is not statistically significant. The
completers’ analysis demonstrates a significant decline in the TMS
group at the end of 9 sessions [sham mean change ¼ �24.9 (95%



Figure 4. These are visual analog responses by patients to the question, ‘I am currently
bothered by thoughts of suicide.’ The data are presented as change from their response
immediately before the first treatment, and are graphed by each of the 9 treatments
and by group (active, sham). Note that in the completer analysis there is a significant
reduction in suicidal thinking, particularly after the third treatment, or the first full day
of treatment (A. mITT, B. completers).
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CI: �34.4, �15.3), TMS mean change ¼ �43.8 (95%
CI: �57.2, �30.3); P ¼ 0.028].

There were no significant group differences in response to the
question, ‘It is likely I will attempt suicide someday,’ and ‘I think of
harming myself often.’
Mood
The 3 questions relating to mood (sadness, happiness, tiredness)

did not reveal a significant difference between groups. Interest-
ingly, for the two anxiety related questions probing anxiety or ir-
ritability (‘At the present moment I feel anxious,’ or ‘. I feel
irritable’), there was a significant between group difference in
change scores from baseline to the end of the treatment, with the
sham group reporting greater reductions in anxiety and irritability
over time (Fig. 5).

Painfulness
Figure 6 shows responses by group to the questions regarding

pain experienced during TMS treatment. Note that the active, but
not the sham, group indicates a significant reduction in the rated
painfulness of the procedure.
Safety outcomes

TMS as delivered in this protocol was safe both acutely and long-
term. Therewere no suicide attempts and no serious adverse events
in the acute phase. There were 33 adverse events (AE) overall (21
sham, 12 active), with 13 subjects experiencing at least one adverse
event (6 sham, 7 active; P¼ 0.74). Table 4 lists the AEs overall and by
group.

Two adverse events that were rated both as ‘definitely device
related’ appeared in the active arm, while 2 adverse events rated
‘probably related’ emerged in the sham arm. In the active arm, 1
subject acquired and subsequently recovered from a headache
(rated ‘moderate’) on the first day of treatment. Another subject
developed erythema at the coil stimulation site, which progressed
to a second-degree burn. This subject was discontinued from the
study, was treated and recovered. After this event occurred, the
research team adopted the practice of placing a thin insulating pad
between the coil and the scalp for all subjects, in addition to a
protocol to periodically check the temperature of the coil during all
treatment sessions and pausing the session if the coil became
warm. In the sham arm, 1 subject developed eye pain and an eye
twitch, with both symptoms subsiding without the need to stop
treatment. Importantly, no between group differences appeared as
a consequence of headache or other symptoms. The data safety
monitoring board reviewed all adverse events and determined that
two additional adverse events possibly led to withdrawals of con-
sent. The site investigators did not think the withdrawals were
related to adverse events. One subject (active) noted that the
treatment was too painful behind the eye, and another (sham) had a
‘shooting pain down my jaw,’ and also had prior and current
migraines.
Length of hospital stay, index admission

The median length of stay was 10 days with no difference be-
tween groups (sham median 11 days (IQR: 8e20), TMS median 9.5
days (IQR: 7e16)). Treatment was started on average on the 3rd day
of hospitalization (range 2e20 days; sham median 5 days (IQR:
3e7), TMS median 3 days (IQR: 3e5)).
Mood, suicide and safety during the extended safety phase

A total of 11 (28%) patients (4 sham, 7 TMS) were readmitted for
psychiatric reasons in the 6 month followup window, primarily for
suicidal ideation or attempt. There were no completed suicides.
There is no significant difference in the time to re-admission
between the two groups (log rank test P ¼ 0.34).



Figure 5. These are visual analog response change scores for the question, ‘At the present moment I feel anxious’ (A. mITT, B. completers) or ‘At the present moment I feel irri-
table’(C. mITT, D. completers). Note that the sham group was less anxious and less irritable than those who received active TMS.
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Therewere no statistically significant between group differences
(mITT sample) in followup scores of the SSI, C-SSRS, HRSD, MADRS,
or CAPS.
Integrity of the blind

Overall, patients in the study were not able to correctly guess
their randomization status. The majority of the patients (75% in the
sham group vs. 81% in the rTMS group on day 1, 78% vs. 86% on day
3) guessed they received the active intervention (P ¼ NS). Although
13 patients (36%) rated their confidence high (extremely or
considerably), 5 of these 13 werewrong. For a full description of the
integrity of the blind see Appendix 2.
Discussion

This pilot study demonstrates that it is feasible and safe to
administer a very large dose (number of stimuli in a given time) of
prefrontal rTMS to inpatients who are admitted in a suicidal crisis.
Nine treatments in 3 days were reasonably well-tolerated without
major side effects, even in this severely ill cohort that is rarely
studied due to their severity of illness. Additionally, although the



Figure 6. These are visual analog response change scores for the question, ‘I felt pain
during the beginning of the treatment’ (A. mITT, B. completers). Note that the active
TMS was rated as significantly more painful for the first few sessions, but that this
difference diminished over time.

Table 4
Adverse events summarized by System Organ Class (SOC) and Preferred Terms (PT).a

Sham
(N ¼ 21)

rTMS
(N ¼ 20)

Overall
(N ¼ 41)

EYE DISORDER 2 (9.5%) 1 (5%) 3 (7.3%)
Diplopia 0 (0%) 1 (5%) 1 (2.4%)
Eye pain 1 (4.8%) 0 (0%) 1 (2.4%)
Vision blurred 1 (4.8%) 0 (0%) 1 (2.4%)

GASTROINTESTINAL DISORDERS 2 (9.5%) 0 (0%) 2 (4.9%)
Nausea 2 (9.5%) 0 (0%) 2 (4.9%)
Vomiting 2 (9.5%) 0 (0%) 2 (4.9%)

INJURY, POISONING AND
PROCEDURAL COMPLICATIONS

0 (0%) 1 (5%) 1 (2.4%)

Brain contusion 0 (0%) 1 (5%) 1 (2.4%)
MUSCULOSKELETAL AND

CONNECTIVE TISSUE DISORDERS
1 (4.8%) 1 (5%) 2 (4.9%)

Back pain 0 (0%) 1 (5%) 1 (2.4%)
Myokymia 1 (4.8%) 0 (0%) 1 (2.4%)

NERVOUS SYSTEM DISORDERS 5 (23.8%) 5 (25%) 10 (24.4%)
Dizziness 2 (9.5%) 1 (5%) 3 (7.3%)
Headache 4 (19%) 5 (25%) 9 (22%)
Migraine 1 (4.8%) 0 (0%) 1 (2.4%)

SKIN AND SUBCUTANEOUS
TISSUE DISORDERS

0 (0%) 1 (5%) 1 (2.4%)

Erythema 0 (0%) 1 (5%) 1 (2.4%)
VASCULAR DISORDERS 1 (4.8%) 0 (0%) 1 (2.4%)
Hypertension 1 (4.8%) 0 (0%) 1 (2.4%)

a Capitals are SOC terms, lower cases are PT terms. There were no significant
between group differences.
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planned primary analysis was not significant, there are suggestions
of a rapid anti-suicide effect with the completer sub-group on the
SSI and on the VAS item about being bothered by thoughts of sui-
cide. Below we discuss the feasibility, safety and then efficacy
findings before returning to a discussion of the limitations and
proper interpretation of the study.

Dose

It appears both feasible and safe to administer asmany as 54,000
left prefrontal rTMS stimuli to patients within 3 days. This is the
most aggressive dose of rTMS ever administered in the published
literature [35]. By comparison, the FDA clearance for the Neuro-
netics machine approves 3000 stimuli per day over a course of 4e6
weeks [26,36]. Thus, this dose of 18,000 stimuli/day is a 6-fold in-
crease in the daily dose beyond the current FDA approval and
matches the maximum dose previously proven safe in healthy
young adults [35]. The 54,000 stimuli in 3 days is roughly similar to
the number of stimuli that are routinely given over almost 4 weeks
(18 sessions) when using TMS to treat depression in outpatients.
The upper safety limits of TMS in terms of the number of stimuli in
total or in a given time are not known [34], and these data suggest
that there is room for safely and feasibly increasing TMS dosage
well above that used in current practice, if indicated clinically. The
patients in general accepted the treatments, and there were no
cumulative side effects. The air-cooled coil did overheat on 1 sub-
ject causing a first-degree burn; consequently this concern was
monitored and a method was devised to mitigate this risk.

In terms of discomfort and tolerability, the VAS data show that
therewas a remarkable accommodation, in the active group only, to
the painfulness of the TMS procedure. Anecdotally, patients were
often uncomfortable during the first few sessions, and by Day 3,
they would need to be nudged to keep from falling asleep during
the procedure. Several studies have shown that a single session of
prefrontal TMS similar to those given in this study has acute
anti-nociceptive effects [37e41]. Blocking the endogenous opiate
system with naloxone abolishes this effect [42], suggesting that
prefrontal cortex mediated opiate release is critical for this TMS
anti-nociceptive effect, likely mediated through brainstem regions
[43]. The rapid tolerance to the painfulness of the procedure over 3
days (9 sessions) without worsening or sensitization bodes well for
the feasibility of using aggressive doses like this in patients in future
studies. The slope of the tolerance or accommodation over 3 days
resembles the slope seenwith accommodation to pain over 3weeks
in the OPT-TMS trial [44].

The painfulness ratings also reveal that sham stimulation was
not as painful as active stimulation, which was also seen in the OPT-
TMS trial. Complicated methods exist that allow investigators to
exactly match the painfulness of TMS and the active sham
[30,31,45]. These methods are quite useful and are required in
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studies related to treatment of pain using TMS [37,38,46e48].
However the method requires a randomly alternating administra-
tion of sham and active TMS, which takes time and risks subject
unblinding. This type of methodology is not likely feasible for use in
this critically ill cohort. The overall greater painfulness of the active
treatment over sham may explain partially why the sham group
reported a greater overall reduction in self-rated irritability and
anxiety. The real treatment hurt more. Alternatively, the active
treatment may have been stimulating and activating cortical
subcortical circuits in a manner that was essentially more irritating
and anxiogenic than the sham.

With respect to feasibility of performing this type of research on
suicidal patients immediately after their hospital admission, the
research team overestimated the amount of neuropsychological
and other testing that these inpatients with suicidal crisis could
tolerate. Many were exhausted from little or no sleep, and they had
difficulties concentrating, attending to and responding to ques-
tionnaires. Future studies on similar critically ill suicidal cohorts
should recognize the limited ability of these subjects to participate
in complex ratings in a short amount of time. The dropout rate in
this TMS study was higher than in outpatient studies, where
retention rates of 90% or greater have been seen. There was no
difference in the retention rate between active and sham, sug-
gesting that non-specific factors associated with the suicidal crisis
and hospitalizationwere also involved. It must be remembered that
this is a very ambitious dose of TMS, in a critically ill group. Finally,
there have been few studies of interventions in hospitalized suicidal
patients. Thus it is hard to compare the dropout rates in this study
with other interventions or other TMS studies.

Turning to a discussion of efficacy, this pilot safety and feasibility
study was powered only to fully detect large effects and to provide
pilot data for use in a power analysis for designing later trials. These
data show that the primary analysis of SSI change scores was not
significantly different using the mITT analysis, and the scores were
only marginally significant with the completer analysis. However,
in completers on Day 1, an average 50% reduction in SSI scores
emerged from the day before with active rTMS, as compared to a
25% reductionwith sham. This is a rapid and moderate effect, in the
same range as recent data regarding subanesthetic doses of keta-
mine for suicidal ideation [12]. Interestingly, and in keeping with
this inpatient adjunctive study, almost all subjects had substantial
reductions in suicidality by Day 3. Although it is not knownwhether
some of this reduction is due to their inpatient stay, an outpatient
study might be able to separate out this potential non-specific
hospitalization effect. The data found here now support further
studies using this high TMS dosing treatment regimen as a primary
intervention (as opposed to adjunctive) and in an outpatient setting
for suicidal patients.

The VAS results are in one sense confirmatory of the reduction in
suicidality, but are puzzling in other respects. Although there was a
significant reduction in how much subjects were bothered by
thoughts of suicide, there was no difference in response to ques-
tions about future intent of suicide or the statement ‘I think of
harming myself often.’ There were no significant changes in self-
rated sadness, tiredness or happiness. Puzzlingly, there are
greater improvements in anxiety and irritability with sham than
with active TMS. This may derive from differences in painfulness of
each session or an unequal distribution of comorbid anxiety or
current substance abuse (as suggested by the differences in ben-
zodiazapines across the two groups). However, these aspects
should be tested for potential replication in future studies and
attended to closely. Impulsivity, anxiety and irritability can often
drive someone pondering suicide into action.

This was a pioneering pilot study in an understudied area where
new treatments are desperately needed, and there are many
limitations. The group of patients enrolled are heterogenous with
respect to their core psychiatric diagnoses [49]. Any suicidal patient
who was not actively dealing with a substance abuse problem was
screened. Perhaps the results would have been different if entry
was restricted to a more classically homogenous population such as
those with DSM-5 recurrent treatment resistant major depression.
With respect to blinding, subjects were not able to accurately guess
what treatment they were receiving. Treaters were able to guess
above chance, but it appears this was driven more by clinical
response than by any technical issues involved in administering
TMS. Raters were able to guess above chance on Day 1, when the
largest differences existed between groups on the SSI, but they fell
back to chance ratings by Day 3, when most all subjects experi-
enced large reductions in suicidality.

This study has shown safety and feasibility, and has clearly not
established efficacy. However the putative mechanism of action
that led to performing the study is as follows. The leading theory
regarding how prefrontal TMS works for treating depression posits
that repeated stimulation of prefrontal control circuits help re-
establish a modulating role of the prefrontal cortex [18,50e54].
This has been shown in animal studies involving learned help-
lessness and the concept of control [50,55e58]. Although there are
many factors that lead up to a suicidal crisis, it seems clear that the
functions normally subserved by the prefrontal cortex (advanced
planning, flexibly thinking through solutions, proper evaluation of
self in the world) are not working. Although clearly psychotic pa-
tients were excluded, many patients in a suicidal crisis have a
disordered manner of thinking and distorted worldview bordering
on a delusion.

In summary, suicides are a major public health problem, and the
world needs new acute treatments. The lack of a treatment hinders
health care’s ability to reverse stigma and educate the public. This
study demonstrates that high doses of rTMS delivered over 3 days is
feasible and is safe. Further studies are needed to determine
whether, with further refinement, study and development, TMS
ultimately may be a novel method to rapidly reduce suicidal
thinking and prevent suicides.
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