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Abstract

Previous studies have demonstrated that combined total sleep deprivation (Wake therapy), sleep
phase advance, and bright light therapy (Triple Chronotherapy) produce a rapid and sustained
antidepressant effect in acutely depressed individuals. To date no studies have explored the impact
of the intervention on unipolar depressed individuals with acute concurrent suicidality.
Participants were suicidal inpatients (N=10, Mean age=44+16.4SD, 6F) with unipolar depression.
In addition to standard of care, they received open label Triple Chronotherapy. Participants
underwent one night of total sleep deprivation (33—-36 hours), followed by a three-night sleep
phase advance along with four 30-minute sessions of bright light therapy (10,000 lux) each
morning. Primary outcome measures included the 17 item Hamilton depression scale (HAM17),
and the Columbia Suicide Severity Rating Scale (CSSRS), which were recorded at baseline prior
to total sleep deprivation, and at protocol completion on day five. Both HAM17, and CSSRS
scores were greatly reduced at the conclusion of the protocol. HAM17 scores dropped from a
mean of 24.7+4.2SD at baseline to a mean of 9.4+7.3SD on day five (p=.002) with six of the ten
individuals meeting criteria for remission. CSSRS scores dropped from a mean of 19.5+8.5SD at
baseline to a mean of 7.2+5.5SD on day five (p=.01). The results of this small pilot trial
demonstrate that adjunctive Triple Chronotherapy is feasible and tolerable in acutely suicidal and
depressed inpatients. Limitations include a small number of participants, an open label design, and
the lack of a comparison group. Randomized controlled studies are needed.

Keywords
Sleep deprivation; Suicidal Ideation; Chronotherapy; Depression; phototherapy; Inpatients

1. Introduction

Major depressive disorder is a neuropsychiatric condition that consists of core symptoms
including a persistently depressed mood, anhedonia, sleep disruption, anergia, poor
concentration, guilt, hopelessness, appetite changes, and suicidal ideation. Currently there
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are no commonly used rapid treatments for depression. Suicide is the 10th leading cause of
death in the United States, and is even higher among younger individuals between the ages
of 10-24, where it is the second leading cause (Heron, 2013). Untreated depression is known
to be associated with suicide risk with estimates that 60% of all suicides are associated with
inadequately treated depression (Mann et al., 2005). There is an apparent stratified risk of
suicide in those who have been admitted to the inpatient unit for depression, with those who
have suicidal thoughts, or suicide attempts, posing the highest lifetime risk of committing
suicide (Bostwick and Pankratz, 2000). Depression is a major medical issue both
domestically and abroad. Depression is the 4th leading cause of disability in the world and
has an approximate lifetime prevalence of 16.5% in the United States(Kessler et al., 2003;
Murray and Lopez, 1996). Pharmacotherapy, and psychotherapy are the most commonly
used treatments but only approximately 67% of non treatment resistant depressed
individuals achieve remission with medications or psychotherapy, taking an average of 5-7
weeks to achieve remission in those who find an effective regimen(Rush et al., 2006). Even
electroconvulsive therapy (ECT), which is our most dependable, and effective treatment,
still takes 2—3 weeks for therapeutic benefit, and has limited availability and cognitive side
effects (Sackeim et al., 2007). Although there are promising newer treatments such as
repetitive transcranial magnetic stimulation (rTMS) (George et al., 2014) and ketamine
(Caddy et al., 2014), there are at this time no commonly used treatments that rapidly treat
depression.

Studies have consistently reported a rapid antidepressant response to total sleep deprivation
in both unipolar and bipolar depression, first studied by (Pflug and Tolle, 1971), and
reviewed extensively by (Wu and Bunney, 1990; Wirz-Justice et al., 2005; and Benedetti et
al, 2007). The clinical utility of this technique is limited however, because responders
typically relapse rapidly following recovery sleep. The addition of pharmacotherapy
(Benedetti et al., 2001; Colombo et al., 2000; Smeraldi et al., 1999; Martiny et al., 2012;
Shelton and Loosen, 1993; Szuba et al., 1994; Wu et al., 2009), sleep phase advance
(Riemann et al., 1999; Echizenya et al., 2013), and bright light therapy(Echizenya et al.,
2013; Martiny et al., 2012; Martiny et al., 2013; Neumeister et al., 1996; Wu et al., 2009) to
sleep deprivation have each demonstrated efficacy in preventing some individuals from
relapsing into depression. Some early studies have reported that combined total sleep
deprivation, sleep phase advance, and bright light therapy, dubbed Triple Chronotherapy,
along with concomitant pharmacotherapy, produces a rapid improvement in depressive
symptoms which endures for as long as 9 weeks (Echizenya et al., 2013; Martiny et al.,
2012; Wu et al., 2009). If the early, encouraging results of Triple Chronotherapy hold up to
further study, the technique represents a near ideal inpatient treatment, as it is inexpensive,
relatively easy to carry out, and has minimal side effects.

Despite encouraging early results, only one published report has attempted to use triple
chronotherapy in suicidal patients, and in that trial only bipolar depressed patients were
included. That study used a slightly different variation of chronotherapy that included three
nights of sleep deprivation every other night with three light therapy sessions, combined
with lithium (Benedetti et al., 2014). The lack of data utilizing Triple Chronotherapy in
acutely suicidal patients significantly limits its utility in the United States, where few non-
suicidal patients are admitted to the inpatient unit. Furthermore, published trials to this point
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have excluded those with comorbid illness, which also limits the clinical usefulness of this
intervention to a minority of patients. We subsequently sought to determine if adjunctive
triple chronotherapy was safe and feasible in acutely depressed and suicidal inpatients.

2. Materials and Methods

2.1 Participants

We included participants with non-psychotic unipolar, or bipolar depression (who were on a
therapeutic dose of a mood stabilizer), age 18-75. We excluded patients who were in a
mixed state, had active psychosis, had active panic disorder, were actively withdrawing from
a substance of abuse, had a history of seizures, or had active unstable medical or neurologic
illness.

We recruited participants from inpatient units at the Medical University of South Carolina
(MUSC) Institute of Psychiatry (I0P) during the months of October 2013—March 2014 after
referral from the treating inpatient team. Inpatient teams first briefly explained the
chronotherapy intervention to patients who were admitted. Study team members then met
with interested patients to obtain informed consent. All interested patients who met inclusion
criteria, and did not meet exclusion criteria were included in the study. A total of 21
potential participants were referred, with three not being interested in the study, and four
meeting exclusion criteria. Of the remaining referrals, 14 signed written informed consent,
one of which later failed initial screening. The remaining sample of 13 enrolled in the below
described protocol which was approved by the MUSC intuitional review board (IRB). Of the
included participants one participant withdrew from the study prior to the first sleep
deprivation and stated they were no longer wanting to participate, and two others were
excluded from data analysis due to protocol deviations related to the investigative team,
leaving a final sample of 10. Of the two that were withdrawn, our team missed awakening
the first following the first recovery sleep night, and our team placed the second in an
excessively noisy room during the first recovery night of sleep, and they were unable to
sleep (They have a diagnoses of bipolar type I, and following two sleepless nights we
thought the risk of manic switch outweighed any possible therapeutic benefit of continuing
the protocol) (Figure 1). The mean age of participants was 44+16.4, six of whom were
women, and none of whom had bipolar depression (Table 1). All but one participant carried
comorbid Axis I, or Axis Il diagnosis, which consisted of the following: Five participants
met criteria for generalized anxiety disorder, four participants met criteria for dysthymia,
three participants met criteria for borderline personality disorder, three participants met
criteria for post traumatic stress disorder, three met criteria for alcohol dependence in early
remission, two met criteria for social anxiety disorder, and one met criteria for opiate
dependence in early remission. We initially recruited two participants with a diagnosis of
bipolar disorder, however both of those participants were excluded from analysis due to
protocol deviations as described above. Only three participants were initially admitted for a
suicide attempt, while all patients were admitted for suicidal ideation.

This was an adjunctive procedure, and with the exception of holding hypnotics on the night
of sleep deprivation, all standard of care pharmacotherapy was allowed. In addition to
pharmacotherapy, all patients on the unit received milieu therapy, group therapy, and social
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work interventions. The group was heterogeneous as far as treatment resistance. The group
had an average of 5.5+5.7 medications that were either failed or were not tolerated. One
participant previously failed ECT. The medications that were either started or continued by
the treating team were as follows: All participants were on antidepressants during the study;
five were on serotonin selective reuptake inhibitors (SSRI)’s, two were on serotonin non-
selective reuptake inhibitors (SNRI)’s, four were on trazodone, three were on mirtazapine,
one was on vilazodone, one was on phenelzine, two were on cytomel, three were on
benzodiazepines, one was on quetiapine, one was on gabapentin, one was on belladonna,
and one was on melatonin. Prior to, or during the weeklong protocol, the following
medications were started, or titrated: One had an SNRI titrated, one had phenelzine started,
three had mirtazapine started or titrated, two had titrations of an SSRI, one had cytomel
started, one had quetiapine started, one had prazosin started, one had a benzodiazepine
started, and one had gabapentin started.

2.2 Triple Chronotherapy procedure

The Triple Chronotherapy procedure we used closely resembled the one described in the
manual written by Wirz-Justice at al (Wirz-Justice et al., 2013). Recruited participants filled
out the Morningness-Eveningness questionnaire (MEQ) (Horne and Ostberg, 1976), which
has been shown to predict optimal light therapy timing. Participants then underwent one
night of total sleep deprivation (Day 0), followed by a three day sleep phase advance (Sleep
occurred between 6pm, and 1am on day 1, 8pm and 3am on day 2, and 10pm and 5am on
day 3). In addition they received bright light therapy on the mornings of days 1, 2, 3, and 4,
for 30 minutes at 10,000lux, with the timing set by MEQ. The start time of light exposure
varied between 6am and 8am. Following the four-day intervention, participants were asked
to remain on as close a schedule as possible to 10pm to 5am (although this was not
monitored as we considered the intervention to have been completed). We did recommend
that they expand their time in bed to a maximum of 8 hours if they were experiencing
daytime sleepiness with 7 hours in bed. Light therapy was generally discontinued, however
participants were offered recommendations on the appropriate use of light therapy if they
desired to continue it once they left the hospital. (Figure 2)

2.3 Data collection

On the day proceeding total sleep deprivation (Day 0), after participants signed informed
consent, we performed a chart review as well as reviewed pertinent laboratory testing. We
then performed a MINI neuropsychiatric examination(Sheehan et al., 1998) to confirm
diagnoses, administered a 17-I1tem Hamilton depression rating scale (HAMD17)(Hamilton,
1960), Columbia Suicide Severity Rating Scale (CSSRS)(Posner et al., 2011), and a Young
Mania Rating scale (YMRS)(Young et al., 1978), inquiring about the previous 7 days. In
addition, we collected self report measures at baseline, including the Inventory of
Depressive Symptoms Self Report (IDS-SR)(Rush et al., 1996), the Patient Health
Questionaire-9 (PHQ9)(Spitzer et al., 1999), the Epworth Sleepiness scale (ESS)(Johns,
1993), the Pittsburgh Sleep Quality Index (PSQI)(Buysse et al., 1989), and the Scale for
Suicidal Ideation (SSI)(Beck et al., 1979). On the day following total sleep deprivation, and
the days following the first two nights of sleep phase advance (Days 1-3), we administered
the 6-item version of the Hamilton Depression Rating Scale (HAM-D6)(O'Sullivan et al.,
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1997), the CSSRS, the YMRS, the IDS-SR, the ESS, and the SSI all asking about the
previous day only. On the day following the third sleep phase advance night (Day4), we
administered the HAM17, CSSRS, and YMRS, and collected the IDS-SR, ESS, SSI, PHQ9,
and PSQI asking about the previous day only. We defined remission from depression as a
HAML17 score of less than 7. We defined response from either depression (HAM17), or
suicidal ideation (CSSRS) as a greater than 50% drop in score from baseline.

2.4 Data analysis

3. Results

Because of the small sample size (n=10), we chose to use more valid and more conservative
non-parametric statistical tests. We used Wilcoxon’s signed rank test to evaluate the change
in outcome measures throughout the four-day study follow-up. For the HAMD-17, we
compared day 4 to baseline. For other measures collected on each day, we made pairwise
comparisons of the change since baseline for each day of follow-up. We used SAS
Enterprise version 4.3 for all analyses (SAS Institute, Inc., Cary NC).

As compared to baseline there was a statistically and clinically significant decrease in both
clinician, and self rated scales of depression and suicidal ideation. The 17-Item Hamilton
depression scale went from an average of 24.7+4.2SD at day 0, to a final score of 9.4+7.3SD
on day 4. Six out of ten participants met criteria for remission on the Ham17 (60%). Sixty-
percent met criteria for response (Figures 3, 4). The Columbia Suicide Severity Index went
from an average of 19.5+8.5SD on day 0 to a final score of 7.2+5.5SD on day 4. Sixty
percent of participants met criteria for a response on the CSSRS (Figure 5). Self report
measures were also collected each day, having been filled out while receiving light therapy,
and can be found in table 2.

4. Discussion

This small, open label pilot study suggests that adjunctive Triple Chronotherapy is safe and
tolerable in acutely suicidal, unipolar depressed inpatients. These results complement and
extend the recently published study demonstrating safety of another variant of
Chronotherapy in suicidal Bipolar Depressed inpatients (Benedetti et al., 2014). This
conclusion, along with any conclusion regarding treatment efficacy, must however be made
in the context of significant experimental limitations, with special attention made to the
small sample size, significant medication changes, time in the structured hospital
environment, and the lack of a control group.

It is possible that this small cohort of participants would have improved even more rapidly
and robustly with treatment as usual, or that the response observed was directly the result of
treatment as usual, a placebo response, or some combination of the two. This is particularly
true considering all patients were on concurrent pharmacotherapy, and receiving group
therapy on the unit. However, typically neither pharmacotherapy, nor group psychotherapy
has an onset of action that is as rapid as was observed in our cohort. Furthermore,
comparison trials of Chronotherapy in the setting of medication use demonstrate that groups
receiving both Chronotherapy and medications have a more rapid, and robust improvement
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as compared to groups receiving either alone, and response and remission rates have been
consistent with our results (Benedetti et al., 2001; Colombo et al., 2000; Shelton and
Loosen, 1993; Szuba et al., 1994).

It is of note that Chronotherapy was well tolerated by all participants who agreed to the
procedure. Most participants reported only transient sleepiness, which was most prominent
between the hours of 3am and 6am on the night of total sleep deprivation, and following the
first night of recovery sleep. There was a small statistically non-significant (p=0.74) increase
in suicidal ideation on day 2 compared to day 1, however this small increase was mostly
accounted for by our non-responders, was still considerably below reported suicidal ideation
prior to starting the procedure, and not likely to be clinically significant. Only three
participants were withdrawn from the study, one of which withdrew before beginning total
sleep deprivation, and the other two of which had to be withdrawn due to easily correctible
study team errors (One we did not correctly wake up, and the other we placed in a room that
was too close to unit activity).

A further limitation of this study that is particularly noteworthy is the lack of follow-up of
our cohort after hospital discharge (Due to loss to follow-up). Historic data would suggest
the possibility of rapid relapse (Wu and Bunney, 1990), however recent trials have
demonstrated durability of the antidepressant effect of combined chronotherapeutic
interventions with medications (Benedetti et al., 2005; Echizenya et al., 2013; Martiny et al.,
2012; Wu et al., 2009).

After consideration of the above significant limitations, the results found in this pilot study
still expand the potential clinical group that can undergo this intervention. Given the large
effect size, ease of administration, mild side effects, and inexpensive nature of this
intervention, further study is warranted. Although our findings in the context of the other
literature in the field are very encouraging, we believe further study must take place prior to
widespread clinical adoption. The two areas of study that are most lacking are data
comparing active chronotherapy to an adequate active sham condition, and further durability
data. Controlled trials would ideally include both an active sham group, and a treatment as
usual group. An active sham could include partial sleep deprivation (Depriving the first part
of the nights sleep), a three-day sleep phase delay, and placebo light therapy. All such sham
interventions have been utilized previously and have been demonstrated to be safe. Such a
sham group could control for placebo effects related to undergoing a procedure, the added
staff attention included in sleep deprivation, and a rigid sleep wake schedule. Including a
treatment as usual group would control for improvement based upon pharmacotherapy,
psychotherapy, and the structured hospital environment.

4.1 Conclusion

Based upon the results of our small open label pilot study, Triple Chronotherapy is safe and
feasible to administer in acutely depressed and suicidal inpatients. Further work is needed to
determine treatment effects in a placebo-controlled trial.
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Figure 1.
Screening and Enrollment Flowchart
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deprivation.

n=2 were withdrawn due to
protocol deviations by the
investigative team.
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Demographics

N=10
Age Mean=44+16.4SD
Gender 4 Male, 6 Female

Race/Ethnicity

9 (90%) Caucasian
1 (10%) African American

Duration of Current Episode

15.4 months+13.2SD

Number of Lifetime Episodes

7.8+5.85D

Number of Failed
Medications/ECT

5.5+5.7SD
One failure of ECT
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