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A B S T R A C T

Objectives: Fear of Harm (FOH) is a pediatric onset phenotype of bipolar disorder (BD) characterized by BD plus
treatment resistance, separation anxiety, aggressive obsessions, parasomnias, and thermal dysregulation.
Intranasal ketamine (InK) in 12 youths with BD-FOH produced marked improvement during a two-week trial.
Here we report on the open effectiveness and safety of InK in maintenance treatment of BD-FOH from the private
practice of one author.
Methods: As part of a chart review, patients 18 years or older and parents of younger children responded to a
clinical effectiveness and safety survey. Effectiveness was assessed from analysis of responses to 49 questions on
symptomatology plus qualitative content analyses of written reports and chart review. Adverse events (AEs)
were analyzed by frequency, duration and severity. Peak InK doses ranged from 20 to 360 mg per administra-
tion.
Results: Surveys were completed on 45 patients treated with InK for 3 months to 6.5 years. Almost all patients
were “much” to “very much” improved clinically and in ratings of social function and academic performance.
Significant reductions were reported in all symptom categories. There were 13 reports of persistent AEs, none of
which resulted in discontinuation. Acute emergence reactions were sporadically observed in up to 75%, but were
mild and of brief duration.
Limitations: Retrospective review from a single practice without placebo control with potential for response and
recall bias.
Conclusions: InK every 3–4 days at sub-anesthetic doses appeared to be a beneficial and well-tolerated treatment.
Use of InK may be considered as a tertiary alternative in treatment refractory cases. Randomized control trials
are warranted.

1. Introduction

The FOH phenotype of BD (BD-FOH) is a clinically distinct beha-
vioral phenotype with early age of onset, severe manic and depressive
symptoms, early and frequent psychiatric hospitalizations, significant
social impairment and school problems (Papolos et al., 2009). Char-
acteristics of this phenotype, and its high rate of heritability, were es-
tablished in a sample of youths with clinician-assigned diagnoses of BD
(N = 1601) (Papolos et al., 2005) and further verified in a large (N =
5335) community sample of children with bipolar disorder or at risk for

the illness based on enriched family history with multiple first degree
relatives diagnosed with BD (Papolos et al., 2009).

Clinically, it appears that a specific developmental sequence of fear-
based (or sensitized) behaviors arises in these individuals and includes
night sweats, recurrent night-terrors and vivid nightmares, obsessive
bedtime rituals, fear of the dark, separation anxiety, hypervigilance,
misperception of neutral stimuli as threatening, reactive aggression in
response to limit setting or perceived threat or loss (Papolos et al.,
2009). Individuals with FOH also tend to be remarkably cold tolerant
and heat intolerant. We have proposed that this phenomenon may be a
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putative biological marker, indicative of a thermoregulatory dis-
turbance in a thermosensory pathway that mediates heat-defense re-
sponses (Murphy et al., 2014).

The ability of ketamine to decrease fear sensitization and (dose-
dependently) reduce body temperature in animals (Fahim et al., 1973;
Pietersen et al., 2006) was the rationale for off-label use of intranasal
ketamine (InK) in BD-FOH children. An open-label trial (Papolos et al.,
2013) found a substantial, rapid reduction in measures of mania, fear of
harm and aggression and significant improvement in mood, anxiety,
attention/executive functions in 12 treatment-refractory youth, 10
males 2 females aged 6–19 years. InK every third day during a two-
month period also led to remission of symptoms associated with the
core features of the FOH phenotype and normalization in thermo-
regulation. Two questions remained unanswered; could this response be
sustained, and was InK tolerable and safe with regular exposure over an
extended period of months to years? Herein, we report results from the
maintenance use of InK in 45 cases with BD-FOH, mean age 15.6±6.7
years in one clinical practice. To our knowledge, this is the first report
to describe sustained effectiveness, tolerability and safety of InK in the
treatment of treatment-resistant mood-disorder patients over an ex-
tended period.

2. Methods

2.1. Participants

60 patients who met DSM-IV criteria for bipolar disorder as well as
the FOH phenotype and demonstrated treatment resistance to tradi-
tional mood-stabilizing agents and atypical neuroleptics, were ascer-
tained through the private practice of one of the authors (DFP). Written
consent of patients was obtained after informed consent was provided
about the risks of short-term and long-term ketamine. As part of a
thorough clinical appraisal, information on side-effects and effective-
ness was obtained from patients (if aged 18 or older) or parents through
regular clinical contact and a retrospective survey. All patients were
treated with InK and closely followed for 3 months to 6.5 years.

2.2. Administration and dosing

Patients were administered InK, as 0.1 ml sprays of 50–200 mg/ml
ketamine in 0.01% benzalkonium chloride to alternating nostrils.
Patients were instructed to administer sprays until a minimum intol-
erable dose (MID) was found and to repeat this administration every
3–4 days. If a satisfactory clinical response was not sustained for at least
3 days (as determined by twice weekly clinical evaluation), doses were
raised incrementally by increasing the number of intranasal sprays until
a new MID was achieved, or there was an 80% or greater reduction in
symptom severity.

2.3. Chart review

A retrospective chart review was conducted by two independent
raters (MHT, LCHG). Raters reviewed clinician notes, redacted to re-
move identifying information. The Clinical Global Impression Severity
scale (CGIs) (National Institute of Mental Health, 1985) was used to
rate the patient's overall clinical status prior to initiation of treatment as
well as their most recent status on ketamine. The CGI – Improvement
(CGIi) scale was used to record their overall degree of improvement
based on all treatment notes.

2.4. Survey

All patients treated for ≥ 3 months and parents (if patient< 18
years of age) were invited to complete a survey of their retrospective
observations of treatment response and side-effects. Measures were
obtained through Likert scale responses that provided a measure of

severity of symptoms both before and after ketamine for each category.
The survey contained 49 items rated according to indices of severity or
frequency and converted to 1–4 numerical scores.

Patients/parents were also asked to provide a narrative of the long-
term use of ketamine, which was subjected to qualitative content ana-
lysis (Mayring, 2000). Briefly, this is a multistep process, guided by the
key research question as to what were the primary positive and nega-
tive spontaneously reported features or outcomes of InK ketamine. The
narratives were read and re-read many times to formulate tentative
categories, which were discussed and within a feedback loop were re-
vised and eventually reduced to main categories and checked regarding
their reliability. We then determined, for each category, the percent of
narratives in which the category was reported and the percentage of
those reports that were endorsed in a positive manner. For two broad
categories (overall degree of improvement and degree of improvement
in work or school performance) results were coded using CGI-im-
provement scale.

For some analyses, patients were divided into two groups; those
who had discontinued ketamine use (non-continuers), and those who
continued to use ketamine at the time the questionnaire was completed
(continuers). The questions for non-continuers comprised three sec-
tions: 1) reasons for discontinuation, 2) health issues and 3) side effects
experienced during treatment. Questions for continuers included
questions on age, weight, current dose, treatment summary, acute and
enduring side-effects, health issues, life measures, and questions on
behaviors and symptoms pre and post treatment. Each question was
answered using a Likert scale that ranked severity and, in some cases,
frequency.

2.5. Adverse events categories

Side effects to ketamine were classified as acute-time limited or
prolonged. Acute-time limited reactions, such as dizziness or burning
sensation in the nose, occurred during IN administration and generally
abated over a 15–120 min period. Potential long-term side effects from
ketamine use included: (i) torso acne, (ii) problems with urination, (iii)
sustained loss in sensory perception, or (iv) other medical concerns the
patient thought might be associated with ketamine.

2.6. Statistical analyses

2.6.1. Data reduction
Principal component analysis (PCA) with oblimin rotation was used

as a data reduction tool that combined the 49 Likert-rated survey items
into four composite oblique symptom clusters. Oblimin was selected
over more conventional rotational strategies (e.g., varimax) as it does
not force the components to be uncorrelated, as this is an unreasonable
assumption with symptom scores. Symptoms were also categorized as
either unique to FOH phenotype (e.g., thermal insensitivity), diagnostic
for BPD (e.g., high energy - pressured speech - racing thoughts) or
strongly associated with FOH as well as other subtypes of BPD (e.g.,
physical aggression) based on consensus ratings from two psychiatrists
(DFP, MHT).

2.6.2. Within subject response
Paired t-tests were used to assess within subject differences in pre-

treatment versus post-treatment symptom ratings on the four composite
ratings. Within subject effect size measures and 95% confidence inter-
vals were computed using procedure developed by Gibbons et al.
(1993), (implemented in the R package ‘effsize’), which provides nu-
merically equivalent results to Dunlap et al. (1996).

2.6.3. Tolerance
Paired t-tests were also used to test for development of tolerance to

side-effects of InK by comparing side-effect ratings at the time InK was
initiated to current side-effect ratings. Further, non-linear mixed effects
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models (R package ‘nlme’) were used to evaluate the tolerance time
course for the most frequent acute-time limited reactions, which were
the most suitable for modeling. Independent t-test was used to compare
subjects continuing InK treatment from subjects who discontinued use
in age of onset, peak dosage and duration of treatment.

3. Results

3.1. Sample

Of the sixty cases invited to respond to the survey, fifty-one (85%)
responded to the invitation. Of these, 45 patients (75% of sample, 25%
female) completed the survey. 40 patients (89%) continued to receive
InK treatment at the time of survey (“continuers”) while 5 patients
(11%) had discontinued InK treatment (”non-continuers”). The mean
age of the sample was 15± 6.7 years. The youngest was 6 years of age
the eldest was 37.

3.2. Dosing

The survey respondents initiated treatment with InK at 15.9±6.7
years of age (mean and SD) and, on average, received treatment for
1.71±1.36 years. Mean ketamine dosage (current or at time of dis-
continuation) was 165± 75 mg, (range 20–360 mg) administered once
every 2–5 (mean 3.0±0.6) days. Five of the 45 patients discontinued
treatment with InK; 3 considered the treatment ineffective, 1 dis-
continued due to family circumstances, including disagreement over
treatment/finances, and 1 found treatment was inconvenient in his new
college setting. Comparisons between subjects continuing versus dis-
continuing ketamine on age of initiation (15.6±6.7 vs 18.5±5.8
years), average dosage (173±40 vs 165±78 mg) and duration of
treatment (1.81±1.39 vs 0.88±0.62 years) were not significantly
different within this limited sample.

3.3. Effectiveness

3.3.1. Chart review
Concordance in CGI scores between the two raters was high (r =

0.897, p<10–15) for the 39 complete charts available for review. Prior
to initiation of InK the patients were seen as severely ill (CGIs =
5.7±0.7), with 10 of the patients rated as “amongst the most severely
ill” by at least one of the two raters. At endpoint, following addition of
InK into their treatment regimen, and months of adjustment and opti-
mization, patients were typically rated as mildly ill (CGIs = 3.2±1.1)
with a 2.55-point drop in scores (t38 = −14.21, p<10–15). Mean
improvement on the CGIi was 1.9± 0.9. Eight patients were seen as
very much improved by both raters, 26 were much improved and only 5
patients were mildly improved or unchanged. None were consistently
viewed as worsened. A typical pattern was for the subject to have such
severe psychopathology prior to initiation of ketamine that they were
unable to attend school and were home schooled to the extent possible.
They were also physically aggressive towards parents or siblings, had
no friends to speak of and were on several different psychiatric medi-
cations. After initiation and titration of InK they were often attending
regular school, had ceased fighting with parents, were making friends
and were on a simpler drug regimen. Breakthrough symptoms were
sometimes seen however on the day prior to the next dose or when the
ambient temperature was excessively high. There were no age-related
differences in effectiveness (p> 0.4),

3.3.2. Survey results – symptom scores
Principal component analysis (PCA) with oblimin rotation was used

to reduce the Likert-like symptom items into rotated orthogonal com-
ponents (Table 1). Four components were selected as recommended by
the Velicer Minimum Average Partial (MAP) test criterion (Velicer,
1976; Zwick and Velicer, 1986). These four components accounted for

Table 1
Data reduction using principal component analysis with oblimin rotation to reduce 49
symptom scores into four oblique components.

Clinical Symptoms TC1 TC3 TC4 TC2 Category

Fearful new challenges,
situations

0.86 – −0.10 – FOH

Devalues self or others 0.86 – – −0.12 BPD
Easily shamed or humiliated 0.85 −0.18 – – FOH
Fearful of separation 0.74 0.16 – – FOH
Abrupt mood swings 0.71 0.17 0.20 – Both not core
Low energy, lack of

motivation
0.71 – – 0.10 BPD

Suicidal ideation or planning 0.66 – 0.18 −0.26 BPD
Difficulty sleep initiation or

maintenance
0.66 0.10 0.14 – Both not core

Difficulty initiating actions 0.63 0.26 −0.18 – Both not core
Fearful of injury / accident 0.62 – 0.22 0.14 FOH
Hypersexuality 0.61 −0.40 0.23 0.10 BPD
Misperceives limit setting as

threat
0.60 0.34 – 0.13 FOH

Avoidance of tasks 0.59 0.36 – – Both not core
Social withdrawal 0.56 0.26 −0.21 0.14 BPD
Misperceives neutral

situations as threat
0.55 – 0.30 – FOH

Sensitive to heat 0.55 0.28 0.11 – FOH
Sensitive to cold 0.51 −0.49 – – FOH
Irrational fears (ghosts,

monsters)
0.49 0.20 0.14 0.28 FOH

Highly vigilant, easily
startled

0.49 0.15 0.27 – FOH

Unrealistic expectations 0.49 0.36 – – BPD
Irritability 0.48 0.44 0.11 – BPD
Perfectionistic worries 0.48 – 0.31 – FOH
Nightmares 0.47 – 0.37 0.26 FOH
Aggressive thoughts 0.43 0.20 0.42 – Both not core
Excitability, pressured

speech, racing thoughts
0.41 0.20 0.34 – BPD

Physical aggression to
parents severity

– 0.85 0.11 – Both not core

Physical aggression to
parents frequency

– 0.77 0.19 – Both not core

Physical aggression to sibs
frequency

−0.12 0.72 – 0.19 Both not core

Oppositionality 0.34 0.67 −0.11 – Both not core
Strong unyielding drive 0.23 0.63 – 0.12 FOH
Physical aggression property

severity
– 0.62 0.35 – Both not core

Verbal aggression 0.29 0.61 0.16 −0.13 Both not core
Physical aggression property

frequency
– 0.60 0.44 – Both not core

Physical aggression to sibs
severity

0.12 0.59 −0.10 0.14 Both not core

Deflection of blame 0.39 0.55 – 0.10 Both not core
Inflexibility 0.46 0.54 – – Both not core
Impulsivity 0.41 0.50 – 0.15 BPD
Difficulty concentrating /

distractability
0.32 0.41 – 0.20 BPD

Sensory sensitivity 0.35 0.37 −0.10 0.21 FOH
Physical aggression non-

family frequency
−0.10 – 0.67 0.40 Both not core

Physical aggression self
frequency

0.16 0.13 0.62 – Both not core

Physical aggression self
severity

0.18 0.16 0.61 −0.14 Both not core

Physical aggression non-
family severity

– 0.16 0.56 0.24 Both not core

Suicide attempts – 0.14 0.53 −0.24 BPD
Hallucinations / psychosis 0.26 – 0.38 0.21 Both not core
Physical aggression animals

severity
0.10 – – 0.87 Both not core

Physical aggression animals
frequency

– – 0.14 0.84 Both not core

Psychomotor retardation – 0.10 −0.40 0.70 BPD
Other sleep disturbance – 0.18 0.27 0.54 FOH
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62.2% of the variance in the individual item ratings. Items with high
loadings on the first component involved fear, low self-esteem, suicidal
ideation, mood swings and low energy. Items with high loading on the
second component reflected aggression towards parents, siblings and
property, oppositionality and irritability. Items with strong loading on
the third component involved aggression towards self, non-family
members and suicide attempts. Items loading onto the fourth compo-
nent included aggression towards animals, psychomotor retardation
and sleep disturbances.

Overall, there were highly significant within subject differences in
pretreatment versus post-treatment ratings. Reduction in scores on
component 1 following ketamine titration was associated with a very
large effect size (Cohen's d = 2.92, 95% CI 2.27–3.57, t39 = 14.9,
p< 10–16). Similarly, there were also a large pre-post ketamine dif-
ferences in component 2 (d = 1.71, 95% CI 1.19–2.24, t39 = 10.70,
p<10–12) and component 3 (d = 1.10, 95% CI 0.616–1.58, t39 = 5.82,
p<10−6). There was a moderate pre-post ketamine difference on
component 4 (d = 0.626, 95% CI 0.164–1.09, t39 = 3.63, p = 0.0008).
Based on 95% confidence intervals Component 1 showed a greater pre-
post difference than any of the other components. Component 2 also
showed a greater pre-post difference than Component 4. Twelve of the
15 symptoms unique to the FOH phenotype loaded onto Component 1.

Other useful information gleaned from the survey was that 21 of the
40 continuers (52.5%) had one or more psychiatric hospitalizations
prior to initiation of ketamine. None of the continuers had a psychiatric
hospitalization after ketamine was initiated. Those with prior hospita-
lizations had no subsequent hospitalizations during a 2.1±0.6 year
post initiation of ketamine follow up period. Table 2 summarizes data
on changes in medication treatment after initiation of ketamine. There
were 41 instances in which antipsychotics were reduced or eliminated.
Mood stabilizers, antidepressants and anxiolytics were reduced or

eliminated in 25, 11 and 7 subjects, respectively. Following initiation of
ketamine 3 subjects were prescribed oxcarbazepine, 2 clonidine, 1
trazodone and 1 mixed amphetamine salts. Concomitant psychotropic
medications were discontinued in 43% of continuous users. The re-
mainder received from 1 to 3 additional medications (mean 1.6± 0.7),
typically a low dose of an antipsychotic, mood stabilizer or clonidine.

3.3.3. Content analysis
Thirty-nine open ended written reports on how INK affected the life

of the patients were provided by parents or older patients, and codified
using content analysis. Clinical global impressions derived from these
reports identified 3 patients as minimally improved, 11 as much im-
proved and 25 as very much improved for an average CGI improvement
score of 1.44 (95% CI 1.23–1.64). Information on academics or work
performance was provided for 21 cases. One family reported no change,
7 were much improved and 13 very much improved in their ability to
attend or perform. It was noted in 24/24 reports that the patient was
easier to get along with and in 24/24 cases that family life had im-
proved. Patients were noted to be less confrontational in 22/23 reports,
less angry in 21/22, less fearful in 24/26, less depressed in 25/27,
engaging in more activities in 24/26 and sleeping better in 6/6. In 12/
13 reports an improvement was noted in ability to make friends, and in
14/14 there was an improvement in ability to socialize.

3.4. Safety

3.4.1. Acute-time limited reactions
Fourteen potential acute-time limited reactions (ATLRs) were ob-

served (see Table 3). The most commonly reported ATLR was “a sense
of relaxation calm and bodily warmth” reported in over half of the
patients as lasting for 40 min or longer. A large majority (88%) of this
group reported that experience to be enjoyable. The most frequently
reported negative short-term side-effects were dizziness (84.4%),
wobbly gait (73.3%), and stinging sensation in the nose (71.1%). Of
these, most were reported to be of relatively brief duration (< 20 min).
Once therapeutic doses were achieved, the experience of dizziness,
wobbly gait and stinging in nose were reported as present but reduced
in intensity. Significant alterations in severity, frequency and duration
for the most common ATLRs at therapeutic dose (affecting > 10
subjects) are indicated on Table 3. There were no age-related differ-
ences in severity of common side effects (e.g., burning nose, elation,
sleepiness, heaviness in limbs) in those reporting these side effects,
except for diziness, which was less severe in older individuals (r =
−0.65, p<0.02)

The ATLRs that showed the most significant reduction with con-
tinued treatment, and which affected the greatest number of subjects,
were dizziness and wobbly gait. Non-linear mixed effects analyses fit-
ting to a 4-parameter logistic time course equation were used to esti-
mate time to half-maximal reduction in severity for these two ATLRs.
For dizziness there was a relatively rapid decline in severity (time to
half-maximal was 0.20 years, 95% CI 0.05–0.35 years, F1,19 = 7.43,
p<0.02). In contrast wobbly gait / loss of coordination took sub-
stantially longer to diminish (time to half-maximal was 1.17 years, 95%
CI 1.01–1.33 years, F1,20 = 15.04, p<10–16). The decrement in se-
verity occurred despite the fact that later doses were almost universally
greater than doses administered at the initiation of treatment.

3.4.2. Persistent adverse events
Two patients reported persistent sensory changes. One subject re-

ported loss of temperature sensation in all areas of his body except for
the tongue. Neurological exam found gamma neuron loss at the level of
the spinal cord, determined not to be progressive. The second patient
experienced numbness in their upper extremities (fingers to mid-arms)
when ambient temperature increased above 80 °F and when exposed to
a warm shower. Neurological exam concluded that this was not a
progressive deficit. In both cases, family and patient elected to continue

Table 2
Number of subjects in whom specific medications were decreased, eliminated or added
after initiation of ketamine.

Decreased Eliminated Added

Antipsychotics
aripiprazole 4 9
asenapine 1
clozapine 1
fluphenazine 1
olanzapine 1
quetiapine 3 4
risperidone 5 10
ziprasidone 2 2
Mood Stabilizers
lamotrigine 7
lithium 3 5
oxcarbazepine 2 1 3
topiramate 1
valproate 2 4
Antidepressants
duloxetine 1
escitalopram 2
fluoxetine 1
fluvoxamine 1
nortryptiline 1
sertraline 3
trazodone 1 1
venlafaxine 1
Anxiolytics
clonazepam 1 5
lorazepam 1
Others
modafinil 1
benztropine 2
clonidine 1 1 2
guanfacine 1
propranolol 1
psychostimulants 1 2 1
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ketamine because of the significant benefits that had accrued from
treatment. Additional persistent AEs included urination problems in 5
patients (11.1%) and torso acne in 4 patients (8.9%).

3.4.3. Substance abuse
One potential concern with ketamine is that it might serve as a

gateway drug and lead patients to use other psychoactive substances.
Hence, degree of alcohol and drug use prior to initiation with ketamine
was compared to degree of use during ketamine treatment. As seen in
Table 4, there was no increase in use. Rather, there were trend level
decreases in frequency of alcohol and marijuana use while receiving IN
ketamine.

4. Discussion

This retrospective chart review and survey of the off-label

longitudinal use of InK in 45 youth with refractory BD-FOH provides
preliminary support for the potential effectiveness and tolerability of
this treatment in clinical practice. The data presented are preliminary,
neither blind nor placebo-controlled, and must be interpreted with
caution. Nevertheless, the results of this case series are consistent with
earlier reports of the efficacy and safety of ketamine administered by
intranasal instillation to 12 BD-FOH youth over a 2-month period.

Patients were treated for 3 mos. – 6.5 years. Peak InK doses ranged
from 20 to 360 mg per administration, and attenuated symptoms of BD/
FOH for variable periods of time, typically 2–5 days. Clinically sig-
nificant benefits were often apparent after the first treatment. Analysis
of patient charts and written impressions revealed a substantial im-
provement in CGI severity scores with most patients who continued on
ketamine rated as much to very much improved. Principal component
analysis was used to reduce individual symptom scores into 4 compo-
nents. All components were significantly reduced by ketamine, with
components 1 and 2 showing the largest therapeutic effect sizes. Twelve
of the 15 unique FOH symptoms loaded onto component 1. Component
2 consisted primarily of aggressive and oppositional symptoms common
to both FOH as well as other subtypes of bipolar disorder. As all the
subjects had the FOH subtype of bipolar disorder it is unclear how
beneficial ketamine might be in bipolar patients who do not have the
FOH subtype.

CGI analyses of surveys and patient records following ketamine
were supported by observations regarding risk for psychiatric hospita-
lization. More than half of the subjects who continued to receive

Table 3
Acute-time limited reactions immediately following intranasal ketamine administration.

Symptoms Subjects experiencing it with
some regularity initially or at
therapeutic dose

Subjects experiencing it with
some regularity at
therapeutic dose

Ratings of severity, frequency, duration and nature in subjects experiencing symptoms
at therapeutic dose

Period Severitya Frequencyb Durationc Natured

Sense of Calm or
Relaxatione

39 (86.7%) 34 (75.6%) Initial 2.2± 0.9 2.8± 0.9 51±28 0, 4, 30
Current 2.1± 0.7 2.9± 0.9 49±31

Dizzinesse 38 (84.4%) 24 (53.3%) Initial 2.3± 0.9 3.3± 0.9 26±19 6, 16, 2
Current 1.5± 0.7§ 2.7± 1.1¥ 17±16†

Wobbly Gait/Loss of
Coordinatione

33 (73.3%) 25 (55.6%) Initial 2.0± 0.8 2.8± 1.1 30±24 2, 21, 2
Current 1.5± 0.3¥ 2.0± 1.1** 17±16¥

Nasal Burning or
Stinginge

32 (71.1%) 17 (37.8%) Initial 2.4± 0.8 3.1± 0.8 12±18 11, 6, 0
Current 1.8± 0.9** 2.4± 1.2** 8± 7

Sensory Distortionse 24 (53.3%) 16 (35.6%) Initial 2.1± 0.9 2.6± 0.9 23±17 4, 6, 6
Current 1.6± 0.6* 1.6± 0.8** 16±19**

Elated, Silly or Giddy
Feelinge

24 (53.3%) 10 (22.2%) Initial 2.2± 1.0 2.6± 1.1 31±19 2, 1, 7
Current 1.5± 0.5 2.1± 1.1 23±23*

Sleepy, Tired or
Fatiguede

23 (51.1%) 13 (28.9%) Initial 2.3± 0.9 2.7± 1.0 46±27 4, 8, 2
Current 1.7± 0.6* 2.1± 1.0* 38±29

Head or Limbs Heavy or
Light

22 (48.9%) 7 (15.6%) Initial 2.0± 0.8 2.4± 1.0 15±11 1, 6, 0
Current 1.1± 0.4 1.4± 0.5 9± 5

Warmth or Cold
Sensations

18 (40.0%) 9 (20.0%) Initial 2.0± 0.9 2.3± 1.1 31±29 0, 6, 3
Current 2.0± 0.7 2.4± 1.2 29±30

Distorted Sense of Time 16 (35.6%) 7 (15.6%) Initial 2.4± 1.0 3.0± 1.0 36±31 2, 4, 1
Current 1.3± 0.5 1.9± 0.9 24±26

Nausea 12 (26.7%) 4 (8.9%) Initial 2.3± 1.5 2.0± 0.8 45±41 4, 0, 0
Current 3.0± 0.8 2.3± 0.5 48±38

Numbness 10 (22.2%) 7 (15.6%) Initial 1.9± 1.1 2.4± 1.3 28±21 2, 4, 1
Current 1.3± 0.5 2.0± 1.4 28±16

Outside of Body 10 (22.2%) 6 (13.3%) Initial 2.3± 1.0 2.7± 1.2 42±30 1, 2, 3
Current 1.8± 0.8 2.2± 1.0 38±34

Sweating on the Hands
or Feet

7 (15.6%) 5 (11.1%) Initial 1.6± 0.9 2.0± 1.0 22±33 1, 4, 0
Current 1.6± 0.9 1.8± 1.1 22±33

a Severity: 1 = mild, 2 = moderate, 3 = strong, 4 = severe.
b Frequency: 1 = infrequent, 2 = frequent, 3 = almost always, 4 = always.
c Duration: minutes.
d Nature: distressing/unpleasant, neutral, enjoyable/pleasant.
e Initial versus current ratings with n>10 on therapeutic dose.
* p<0.05.
** p< 0.01.
¥ p<0.001.
† p<0.0001.
§ p<10−5.

Table 4
Average days per month of alcohol, marijuana and other psychoactive substance use prior
to and following initiation of ketamine treatment.

Before mean
{95%CI}

After mean {95% CI} t-test df p value

Alcohol 1.85 {0.07–3.62} 0.36 {−0.08–0.80} 1.91 38 <0.07
Marijuana 2.05 {0.11–3.99} 0.30 {−0.12–0.72} 1.76 39 <0.09
Other drugs 1.69 {−1.62–5.00} 1.54 {−1.79–4.86} 0.07 12 >0.9
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ketamine had at least one psychiatric hospitalization in the year pre-
ceding initiation of ketamine. Indeed, this may have been a precipitant
to seeking out or agreeing to try a course of IN ketamine. None of these
individuals were hospitalized during the ca 2-year period following
initiation of ketamine. If this preliminary finding is confirmed in
treatment trials it would suggest that InK ketamine may be a very cost
effective treatment.

Most acute-time limited reactions occurred specifically during ad-
ministration and persisted for 15–120 min. The intensity, frequency and
duration of these reactions tended to gradually decrease with repeated
administrations without loss in efficacy. Interestingly, tolerance did not
appear to develop to the most pleasurable ATLR, which was a sense of
relaxation, calm or warmth. At the onset of treatment drug and alcohol
abuse was not a significant factor and did not increase even as the
patients matured during the study.

Long term AEs were limited and relatively rare, but, in a few cases
were of a severe nature, (loss of temperature sensation over most or
part of the body) but not progressive. Earlier reports indicated that the
most common AE associated with ketamine abuse was ulcerative cy-
stitis, which was reported to occur in 15–20% of chronic users (Jalil and
Gupta, 2012), In the present sample a self-limiting (non-ulcerative)
cystitis was reported to occur in 5 individuals. Complaints were of pain
on urination. These side-effects were non-persistent or intermittent. All
urinalyses in these patients were WNL. One patient experienced
numbness of hands and forearms when exposed to high ambient tem-
perature (above 80 °F, or when exposed to a warm shower). This con-
dition was found to not be progressive, and could not be conclusively
attributed to ketamine treatment.

Ketamine was generally titrated over a number of weeks until an
effective dose was reached that resulted in marked attenuation or re-
mission of symptoms. Clinically significant benefits were often apparent
after the first treatment. These benefits persisted with only minor
subsequent dose adjustments in most cases. The most common initial
breakthrough symptom was difficulty thermoregulating, typically,
overheating at night prior to sleep resulting in arousal disorders of
sleep. Other than the acute-time limited reactions during the adminis-
tration period most subjects experienced no side effects during the ty-
pically 2–5 day period between doses. Following titration it was usually
possible to eliminate or reduce many of the other medications patients
were receiving. This was particularly true for antipsychotic medications
and mood stabilizers. Most patients however received 1–3 concomitant
medications.

Finally, a deficit in thermoregulation appears to be tightly linked to
symptoms of BP-FOH, and thermoregulatory deficits are known to
disrupt sleep-onset, sleep offset and are associated with arousal dis-
orders of sleep. Thus, it was interesting that one apparent conclusion
from the chart review was that heat sensitivity and cold tolerance were
two key target symptoms useful for dose titration and for determining
an appropriate time period between ketamine treatment cycles.

Neuropharmacologically, the diverse array of symptoms seen in
youths with BD-FOH including fear of harm, territorial aggression,
arousal disorders of sleep, deficient thermoregulation and more classic
symptoms of mania may result from dysregulation of the oxerigenic
system. Orexins are neuropeptide transmitters whose cell bodies reside
in the lateral, dorsomedial and perifornical hypothalamus (Nambu
et al., 1999; Richardson and Aston-Jones, 2012), densely innervate all
portions of the hypothalamus (e.g., ventrolateral preoptic area, su-
prachiasmatic nucleus) and have primary projections to cell bodies for
the noradrenergic, serotonergic, dopaminergic, histaminergic and
cholinergic systems in the locus coeruleus, raphe nuclei, ventral teg-
mental area, tuberomamillary nucleus and laterodorsal and peduncu-
lopontine nuclei, respectively (Alexandre et al., 2013; Emeson and
Morabito, 2005; Nambu et al., 1999; Richardson and Aston-Jones,
2012). The orexin system also has widespread projection to amygdala,
hippocampus, septal area and neocortex. Overall, this system appears to
play a critical role in wakefulness, arousal, sleep and circadian rhythms

(Alexandre et al., 2013), thermoregulation and energy balance (Nattie
and Li, 2012), stress response (Nattie and Li, 2012), panic and anxiety
(Johnson et al., 2012), reward processing (Richardson and Aston-Jones,
2012), fear conditioning (Wang et al., 2017), feeding behavior (Nambu
et al., 1999) and defensive flight or flight reactions (Kayaba et al.,
2003). Loss or hypofunction of orexin neurons is associated with nar-
colepsy (Alexandre et al., 2013) Conversely, we propose that over-
activation or dysregulation of portions of the orexin system may be
responsible for FOH.

There are several ways in which ketamine may act to either mod-
ulate the orexin system or overcome effects of excessive stimulation.
First, ketamine, as an NMDA receptor antagonist, should be able to
directly attenuate the effects of orexin (Peever et al., 2003; Tose et al.,
2009). Second, orexin-mediated fear conditioning may be reversed
through normalization of BDNF gene methylation that can be brought
about via long-term ketamine use (Ju et al., 2017). In animal studies,
ketamine has been found to increase BDNF gene expression that results
in an increase in resilience to stress (Duman and Agajanian, 2014).
BDNF also plays a critical role in thermoregulation. A recently de-
scribed facet in the orchestration of the homeostatic response to heat
are warm sensitive neurons within the preoptic area that have been
molecularly defined by the co-expression of the neuropeptides BDNF
and pituitary cyclase activating peptide (PCAP) (Tan et al., 2016).
Taken together, we believe these findings support the idea that keta-
mine's actions on BDNF gene induction through orexigenic transmission
has multiple salutory effects in the FOH phenotype; to improve ther-
moregulatory responses to the environment and to stressors, as well as
in the reduction of fear sensitization.

5. Limitations

The limitations of this study include a small sample size that was
drawn from a single private practice, as well as those of any retro-
spective study that employs survey data and recall of severity of
symptoms. In particular, contemporaneous data on the patient's clinical
state prior to initiation of ketamine was available in the chart review.
The survey, in contrast, asked subjects or parents to recall how the
subject was prior to initiation of ketamine, so impressions may be fil-
tered or amplified by the contrast. Response to survey was incomplete
(45 of 60 responded), possibly leading to bias towards survey response
from patients who responded positively to treatment.

Another concern is that some of the patients were referred to DFP
for treatment with ketamine and may have benefited from DFP's par-
ticular expertise in treating youths with BD-FOH. However, most of the
patients had been treated with traditional agents by DFP prior to ke-
tamine without significant improvement. Carefully designed trials will
need to be conducted. Further research should focus on the spectrum of
type of patients that will benefit from ketamine use, as well as the long-
term sequelae of ketamine treatment.
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