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Abstract
Objective—The diagnosis and treatment of youth with severe nonepisodic irritability and
hyperarousal, a syndrome defined as severe mood dysregulation (SMD) by Leibenluft, has been the
focus of increasing concern. We conducted the first randomized double-blind, placebo-controlled
trial in SMD youth, choosing lithium on the basis of its potential in treating irritability and aggression
and neuro-metabolic effects.

Methods—SMD youths 7–17 years were tapered off their medications. Those who continued to
meet SMD criteria after a 2-week, single-blind, placebo run-in were randomized to a 6-week double-
blind trial of either lithium (n = 14) or placebo (n = 11). Clinical outcome measures were: (1) Clinical
Global Impressions–Improvement (CGI-I) score less than 4 at trial’s end and (2) the Positive and
Negative Syndrome Scale (PANSS) factor 4 score. Magnetic resonance spectroscopy (MRS)
outcome measures were myoinositol (mI), N-acetyl-aspartate (NAA), and combined glutamate/
glutamine (GLX), all referenced to creatine (Cr).

Results—In all, 45% (n = 20/45) of SMD youths were not randomized due to significant clinical
improvement during the placebo run-in. Among randomized patients, there were no significant
between-group differences in either clinical or MRS outcome measures.

Conclusion—Our study suggests that although lithium may not result in significant clinical or
neurometabolic alterations in SMD youths, further SMD treatment trials are warranted given its
prevalence.

Introduction
Recently, more attention has focused on the diagnosis and treatment of youth with severe
nonepisodic irritability and hyperarousal, a syndrome defined as severe mood dysregulation
(SMD) Leibenluft et al. 2003). This increased focus prompts questions regarding the degree
to which this presentation reflects a developmental variant of mania. Youths with SMD do not
fit well into our current psychiatric nosology, although recent data indicate that this is a
common symptom cluster, with a prevalence of 3.2% in the community (Brotman et al.
2006). Such children do not meet criteria for bipolar disorder (BD) due to the nonepisodic
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nature of their mood symptoms (Pogge et al. 2001; Leibenluft et al. 2003; Reich et al. 2005).
While they commonly meet criteria for attention-deficit/hyperactivity disorder (ADHD) and
oppositional defiant disorder (ODD), these diagnoses do not fully capture the complex, severe
levels of their mood and behavioral symptoms. Not surprisingly, such diagnostic dilemmas
have hindered efforts to study how to treat youth with SMD, who are presenting for psychiatric
care with increasing frequency.

Lithium is one agent whose efficacy for irritability and aggression has been studied in children.
Three out of four double-blind, randomized, controlled trials (RCTs) of youths with conduct
disorder (CD) found that lithium, compared to placebo, resulted in significantly reduced
aggression and behavior problems (Campbell et al. 1984; Campbell et al. 1995; Rifkin et al.
1997; Malone et al. 2000). Data supporting lithium’s efficacy in treating irritability associated
with pediatric mood disorders is less robust. One of two double-blind, placebo-controlled RCTs
showed significant global improvement (without specific reference to irritability) in youths
with either BD or high risk for BD and secondary substance abuse (Geller et al. 1998a).
However, the other failed to show benefit in prepubertal youth with major depressive disorder
(MDD) and elevated risk for BD, including BD type I in first- or second-degree relatives or a
multigenerational/loaded MDD family history (Geller et al. 1998b). The only other placebo-
controlled RCT of lithium in BD youths, a 2-week discontinuation study, did not show
significant benefit for continued lithium over placebo substitution in preventing mania relapse,
again without specific reference to irritability (Kafantaris et al. 2004). Taken as a whole, these
data provide some, albeit mixed, indication that lithium may be an effective treatment for youth
with severe nonepisodic irritability and hyperarousal.

Lithium’s primary mechanism of action is thought to result from depletion of intracellular
second messengers, including myoinositol (mI), causing inhibition of downstream
serotonergic, glutamatergic, and cholinergic neurotransmission (Berridge and Irvine 1989).
Magnetic resonance spectroscopy (MRS) studies indicate that manic or depressed BD adults
may have increased mI (Gould et al. 2004; Silverstone et al. 2005). At therapeutic levels,
lithium results in significantly decreased frontal mI, with a corresponding trend in the
hippocampus (Moore et al. 1999). Similar studies have yielded mixed results in BD youths,
with one study showing significantly decreased frontal mI (Davanzo et al. 2001), while another
did not (Patel et al. 2006). Lithium is also thought to increase N-acetyl aspartate (NAA), an
intraneuronal marker of neural health as well as a putative indicator of energetics within
neuronal mitochondria (Tsai and Coyle 1995; Moore et al. 2000a; Moore et al. 2000b; Stork
and Renshaw 2005).

On the basis of what is known about the neuro-metabolic effects of lithium, as well as its
possible role in treating irritability and aggression, we conducted the first double-blind,
placebo-controlled RCT of lithium in youths with severe nonepisodic irritable mood and
hyperarousal, while also performing MRS pre- and posttreatment. To capture the relevant
patient population, we used Leibenluft et al.’s criteria for SMD because, unlike any Diagnostic
and Statistical Manual of Mental Disorders (DSM) (American Psychiatric Association 2000)
diagnosis, these criteria offer a precise definition of irritability, i.e., markedly increased
reactivity to negative emotional stimuli manifest verbally or behaviorally at least three times
weekly. SMD criteria also require abnormal mood (anger or sadness), present at least half of
the day most days, and hyperarousal (≥3 of insomnia, agitation, distractibility, racing thoughts
or flight of ideas, pressured speech, intrusiveness) (Leibenluft et al. 2003). We hypothesized
that lithium would result in significantly greater clinical improvement than placebo, as defined
by reduction in scores on the Clinical Global Impressions–Improvement Scale (CGI-I)
(Spearing et al. 1997) and on the excitement subscale of the Positive and Negative Syndrome
Scale (PANSS) (sum of the excitement [hyperactivity], hostility, uncooperativeness, and poor
impulse control scores) (Kay et al. 1989). The PANSS excitement subscale has been shown to
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explain 54.9% of the total variance in manic-like excitement and have good correlation with
changes in the Young Mania Rating Scale (YMRS) (Linden-mayer et al. 2004).

Furthermore, on the basis of the above-mentioned MRS studies in BD adults and children, we
hypothesized that SMD youths treated with lithium would have significant neuro-metabolic
alterations. We modeled our MRS methodology on pioneering studies by Manji and Moore
that paired lithium treatment with MRS in BD adults. These studies were conducted with
spectra acquired in four regions of interest (see MRS methods section, below) (Moore et al.
1999; Moore et al. 2000a). On the basis of those studies, we hypothesized that lithium treatment
would be associated with significantly reduced mI and increased NAA across all regions, but
especially in frontal and temporal regions. Additionally, on the basis of nontreatment studies
of youths with either ADHD or depression, adult normal volunteers, and animal models
(Courvoisie et al. 2004; Rosenberg et al. 2005; Moore et al. 2006; Shaltiel et al. 2008; Shibuya-
Tayoshi et al. 2008), we hypothesized that lithium treatment in SMD youths would be
associated with significantly reduced glutamate and glutamine (GLX). The latter is a marker
of the major excitatory neurotransmitter glutamate, whose resonances can not fully be resolved
at magnetic fields less than 4 Tesla (Zarate et al. 2002; Stork and Renshaw 2005).

Methods
Subjects

This study was conducted at the National Institute of Mental Health Division of Intramural
Research Programs (NIMH DIRP) from August, 2002, until December, 2007, and was
approved by the National Institute of Health’s Combined NeuroScience Institutional Review
Board. After the studies were explained, and prior to participation, parents gave written
informed consent, and children gave written assent. Subjects (ages 7–17 years) were recruited
through advertisements placed in local parenting magazines, on support groups’ websites, and
distributed to psychiatrists nationwide.

Screening
SMD inclusion criteria were: (1) irritability as defined by markedly increased reactivity to
negative emotional stimuli manifest verbally or behaviorally at least three times weekly; (2)
abnormal mood (anger or sadness), present at least half of the day most days; (3) hyperarousal
(≥3 of insomnia, agitation, distractibility, racing thoughts or flight of ideas, pressured speech,
intrusiveness); (4) symptoms cause severe impairment in at least one setting (home, school, or
peers) and at least mild impairment in a second setting; (5) SMD symptom onset must be before
age 12 and must be currently present for at least 12 months without symptom-free periods
greater than 2 months (Leibenluft et al. 2003).

SMD exclusion criteria were: (1) presence of cardinal bipolar symptoms, including elevated/
expansive mood, grandiosity/inflated self-esteem, or episodically decreased need for sleep
(Geller et al. 1998c); (2) distinct episodes of manic symptoms greater than 1 day; (3) pervasive
developmental disorder; (4) psychosis; (5) substance abuse within 3 months; (6) medical illness
that is unstable or could cause SMD symptoms; (7) intelligence quotient [IQ] <70; and (8)
pregnancy.

Following a telephone interview to screen for relevant inclusion/exclusion criteria, record
review, and consultation with the child’s treating clinician, potential SMD subjects were invited
to the NIMH DIRP (n = 196). On-site screening included the Child Schedule for Affective
Disorders Present and Lifetime Version (K-SADS-PL) with an additional SMD supplement,
designed in collaboration with Joan Kaufman, Ph.D., to ascertain whether children met criteria
for this syndrome. All diagnostic measures and were administered to parent and child
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individually by trained graduate level clinicians with established interrater reliability (κ ≥ 0.9,
including distinguishing SMD subjects from those with narrow phenotype BD—i.e., distinct
manic episodes involving elevated, expansive mood (Kaufman et al. 1997; Leibenluft et al.
2003). Diagnoses were based on best-estimate procedures (Leckman et al. 1982) generated in
a consensus conference led by two psychiatrists with extensive experience evaluating children
with bipolar-spectrum illness. Of note, SMD is not a DSM diagnosis, but rather, SMD criteria
were designed to capture youth with nonepisodic irritability and hyperarousal who are
frequently diagnosed as having bipolar disorder in clinical settings. Thus, for SMD subjects,
all other forms of psychopathology are considered to be co-morbid, such as ADHD or anxiety
disorders, because these other disorders are, in essence, dependent rather than independent
variables. Full-scale intelligence quotient (FSIQ) was measured by the Wechsler Abbreviated
Scale of Intelligence (WASI) for all subjects and controls (Wechsler 2005).

Enrollment
Those subjects who met SMD criteria after on-site screening, had not previously been treated
with lithium, and were not functioning well on their current medications were offered
enrollment in our lithium RCT (n = 45). To maximize safety and observational data, this study
was conducted on the inpatient child psychiatric unit of the NIMH DIRP. Subjects were
admitted to the hospital (baseline 1) and gradually weaned off all of their outpatient psychiatric
medications for four drug half-lives by the attending child/adolescent psychiatrist (K.E.T.),
with close observation for deterioration in functioning and side effects. Medications with
longer drug half-lives (e.g., atypical neuroleptics, antidepressants) were tapered prior to those
with short half-lives (e.g., psychostimulants). Then, they completed a 2-week single-blind
placebo run-in, at the end of which (baseline 2) only those who continued to meet SMD criteria
(n = 25) were randomized to either lithium or placebo for a 6-week double-blind RCT. Those
no longer meeting SMD criteria (n = 20) received medication stabilization, according to the
clinical judgment of the treating board-certified child and adolescent psychiatrist (K.E.T.), and
were discharged. During the trial, lorazepam was available as a PRN medication; however, no
SMD subject received lorazepam during the treatment trial (Fig. 1).

Assessments
Our primary categorical clinical outcome measure was a CGI-I score less than 4 at the trial’s
end (i.e., children who received scores of 3 [improved], 2 [much improved], or 1 [symptom
free]) (Spearing et al. 1997). Our primary continuous clinical outcome measure was the PANSS
factor 4 score (sum of excitement, hostility, uncooperativeness, and poor impulse control;
continuous outcome measure) (Kay et al. 1989).

Graduate-level clinicians with established interrater reliability (κ ≥ 0.9) rated participants
weekly on the CGI-I and PANSS, as well as the following measures: YMRS (Young et al.
1978), Children’s Depression Rating Scale (CDRS) (Emslie et al. 1990), and Children’s Global
Assessment–Severity (CGA-S) (Shaffer et al. 1983). Of note, because their illness is not
episodic and therefore SMD subjects do not meet Diagnostic and Statistical Manual of Mental
Disorders, 4th edition, Text Revision (DSM-IV-TR) (American Psychiatric Association
2000) criteria for mania, the patients’ YMRS scores should not be interpreted as a measure of
mania severity per se, but rather as a measure of the severity of the criteria “B” symptoms. Our
inpatient unit teachers completed the 39-item Conners’ teacher report of ADHD symptoms
(Werry et al. 1975). Unit staff completed the Overt Aggression Scale (OAS) whenever a subject
was aggressive either verbally or physically toward objects, others, or self (Silver and Yudofsky
1991; Yudofsky et al. 1997).
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Medication
During the single-blind and double-blind phases, all subjects received pills twice daily and had
blood draws weekly. During the first week of the double-blind phase, those randomly assigned
to lithium received lithium carbonate 150 mg twice daily for 2 days and then 300 mg twice
daily for 5 days. An unblinded psychiatrist at the NIMH DIRP reviewed lab results and clinical
measures to ensure subject safety and to adjust lithium carbonate dose. The target steady state
therapeutic level was between 0.8 and 1.2 mmol/L. All subjects received either lithium
monotherapy or placebo without additional psychotropic agents. Any patient who showed
clinical worsening, defined as a CGI-I score of 5 (“worse”) or greater for 2 consecutive weeks,
or a clinically significant adverse event was assessed by an independent clinician and removed
from the treatment trial.

MRS protocol
Subjects completed MRS scans while medication-free during the single-blind phase and again
at the end of the treatment trial. All scans were performed without sedation on a 1.5 Tesla
General Electric Signa scanner using the standard GE Point Resolved SpectroScopy (PRESS)
sequence with the following parameters: echo time 30 milliseconds (msec), repetition time
2000 msec, number of excitations (NEX) = 8, water suppression on, and total acquisition time
5 minutes. On the basis of prior MRS studies in BD adults, spectra were acquired in four 8-
mL regions of interest (ROIs), although as with these prior studies, a priori hypotheses were
focused on the frontal and temporal ROIs (Moore et al. 1999; Moore et al. 2000a). MRI
technologists, who were blind to participant group, placed each ROI to maximize gray matter
content according to landmarks in: (1) the right frontal cortex (orbitofrontal cortex [OFC];
lateral to the falx cerebri, anterior to the frontal horn of the lateral ventricle, and superior to
the orbits); (2) left temporal cortex centered on left hippocampus (slice inferior to frontal voxel
slice that maximally captures the hippocampus); (3) central parieto-occipital lobe (centered on
posterior falx cerebri, posterior to cingulate gyrus, and including midline precuneus), and (4)
left parietal lobe predominantly white matter (same slice as parieto-occipital voxel centered
on left corona radiata and lateral to posterior horn of lateral ventricle) (Figs. 2 and 3).

Quantitative MRS processing
All MRS scans were analyzed with Linear Combinations Model (LCModel, v6. 1-0, Steven
Provencher, Ontario, Canada). As described elsewhere (Provencher 1993), LCModel is an
automated program for in vivo MRS analysis that fits acquired MRS data based on standard
reference information supplied by the manufacturer. Although the full reference set was used
for spectral fitting, our a priori hypotheses were focused on the MRS intensities of: (1)
glutamate/glutamine (GLX, which cannot be fully resolved at 1.5 Tesla) at a chemical shift of
2.1–2.5 parts per million (ppm); (2) NAA at 2.02 ppm; and (3) mI at 3.5 ppm. These were
assayed relative to the creatine/phosphosphocreatine (Cr) resonance at 3.02 ppm, which served
as an internal signal reference to avoid partial volume effects—i.e., having some cerebrospinal
fluid (CSF) present in a primarily gray matter ROI—because CSF does not contain
neurometabolites (mI, NAA, GLX) and thus would alter our results (Komoroski et al. 2004;
Hancu et al. 2005). We used Cramer–Rao bounds of 20% or less for each metabolite as a cutoff
to ensure data quality. Previously, we have published data comparing unmedicated (baseline
II) SMD subjects (both subsequently randomized and not) versus age/sex matched typically
developing controls (Dickstein et al. 2008).

Data analysis
Clinical outcome measures were examined with an intent-to-treat analysis, with last
observation carried forward, implemented in SAS (v. 9.1) (SAS Institute, Cary, North
Carolina). Because repeated measures within the same individual do not represent independent
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observations, we used the general linear model (SAS GENMOD procedure) for the categorical
outcome variable of CGI-I <4 at week 6, and we used a mixed model (SAS PROCMIXED
procedure) for continuous outcomes (PANSS-4), with treatment group and study week as fixed
effects and subject as a random effect. Efficacy was tested via interactions between treatment
group and study week. Demographic factors comparing those randomized versus not and those
treated with lithium versus placebo were analyzed with independent t-tests for continuous
variables or Pearson chi-squared for categorical variables implemented in Statistical Package
for Social Sciences (SPSS, v14.0, Chicago, IL). Between-group differences in pre-and
posttreatment MRS neurometabolites were analyzed with a repeated measures analysis of
variance (ANOVA) implemented in SPSS.

Results
Subject characteristics: randomized versus nonrandomized

Of 196 patients screened on-site at the NIMH DIRP, 45 subjects entered the lithium RCT
(baseline 1) (see Fig. 1). Of those 45, 25 subjects were randomized to lithium (n = 14) or placebo
(n = 11), and 20 subjects were excluded prior to randomization at the end of the single-blind
placebo run-in (baseline 2), due to improvement in their status to the point where lithium
treatment was no longer indicated.

There were no differences in baseline 1 characteristics between those SMD subjects who were
randomized (randomized [R], n = 25) versus nonrandomized (NR, n = 20). Specifically, there
were no significant differences in age (mean age in years: R 11.45 ± 2.11, NR 12.14 ± 2.02,
t = −1.11, degrees of freedom [df ] = 43, p = 0.28), full-scale IQ (R 105.2 ± 14.9, NR 96.9 ±
14.9, t = 1.74, df = 39, p = 0.09), or sex (% male: R 75%, NR 55%, χ2 = 2.21 p = 0.14). There
were also no significant differences in clinical ratings at study entry, including YMRS (R 14.6
± 4.7, NR 13.8 ± 6.0, t = 0.47, df = 41, p = 0.64), CDRS (R 29.8 ± 5.1, NR 30.5 ± 7.6, t =
−0.35, df = 41, p = 0.73), CGI-S (R 4.9 ± 0.8, NR 4.7 ± 0.9, t = 0.81, df = 40, p = 0.42), or
Children’s Global Assessment Scale (CGAS) (R 44.7 ± 5.3, NR 44.1 ± 5.6, t = 0.40, df = 42,
p = 0.69). Last, there were no significant between group differences in current K-SADS
psychiatric diagnoses, including no differences in rates of current MDD (R 20%, NR 20%,
χ2 = 0.00, p = 1.00), current ADHD (R 92%, NR 85%, χ2 = 0.55, p = 0.46), and current ODD
(R 88%, NR 85%, χ2 = 0.09, p = 0.77). There was a trend toward significantly more current
separation anxiety in those NR (R 12%, NR 35%, χ2 = 3.40, p = 0.07).

Of those 20 nonrandomized subjects, 14 subjects were excluded for not meeting SMD criteria
at baseline 2 (i.e., after medication withdrawal and a 2-week placebo run-in), 4 withdrew their
assent (including refusal to have weekly blood draws or homesickness), 1 was excluded for
diagnostic exclusion criteria (pervasive developmental disorder [PDD]), and 1 was excluded
for being unmanageable on the unit due to antisocial behavior. Among those who no longer
met SMD criteria, 78.6% (n = 11/14) 91.7% (n = 11/12) no longer had markedly excessive
reactivity to negative emotional stimuli, and 71.4% (n = 10/14) no longer had anger, sadness,
or irritability present most days and noticeable to others. Most of these 14 also no longer had
hyperarousal symptoms (percent who no longer had: insomnia 85.7% [n = 12/14], agitation
64.3% [n = 9/14], distractibility 50% [n = 7/14], racing thoughts 100% [n = 14/14], pressured
speech 92.9% [n = 13/14], intrusiveness 71.4% [n = 10/14]).

Subject characteristics: randomized to lithium versus placebo
As shown in Table 1, there were no significant differences between those randomized to lithium
(SMD-Li, n = 14) and those randomized to placebo (SMD-Plac; n = 11) at study entry with
respect to age or full-scale IQ. However, there was a significant difference in sex, with a greater
percentage of male subjects in those randomized to lithium than to placebo.

Dickstein et al. Page 6

J Child Adolesc Psychopharmacol. Author manuscript; available in PMC 2010 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



There were no significant differences in clinical ratings at study entry between those
randomized to lithium and those randomized to placebo, including YMRS (Li 14.9 ± 4.0, Plac
14.3 ± 4.8, t = 0.28, df = 21, p = 0.78), CDRS (Li 29.9 ± 6.4, Plac 26.7 ± 5.0, t = 1.33, df = 22,
p = 0.20), CGI-S (Li 4.8 ± 0.9, Plac 4.4 ± 0.7, t = 1.03, df = 19, p = 0.32), or CGAS (Li 43.3
± 8.4, Plac 45.3 ± 3.2, t = −0.72, df = 22, p = 0.48). Last, there were no significant between
group differences in current K-SADS psychiatric diagnoses, including no differences in rates
of current MDD (Li 21%, Plac 18%, χ2 = 0.03, p = 0.84), current ADHD (Li 100%, Plac 82%,
χ2 = 2.77, p = 0.10), current ODD (Li 86%, Plac 91%, χ2 = 0.16, p = 0.69), or current SAD (Li
14%, Plac 9%, χ2 = 0.16, p = 0.69).

Primary clinical outcome measures
We did not find a significant between-group difference in our primary categorical clinical
outcome measure, the CGI-I less than 4 (improved) by trial’s end at week 6 (LogOR = 1.00,
standard error [SE] = 1.23, χ2 = 0.66, p = 0.41, Cohen d effect size = 0.23] (Fig. 4). Further
exploration showed that 3/14 lithium subjects, all of whom were completers, and only 1/11
placebo subjects achieved a CGI-I less than 4 at trial’s end. We also did not find a significant
between-group difference in our primary continuous outcome measures, the PANSS-4.
Specifically, we did not find a significant effect of treatment group (F[1,25] = 0.88, p = 0.36),
time [(F[6,87] = 1.96, p = 0.08), or group × time interaction (F[6,87] = 0.44, p = 0.85) (Cohen
d effect size = 0.50).

Secondary clinical outcome measures
Exploratory analyses of other continuous clinical outcome measures failed to reveal significant
group or group × time effects. These include the: (1) YMRS: group (F[1,25] = 0.86, p = 0.36),
time (F[6,90] = 0.70, p = 0.64), group × time interaction (F[6,90] = 1.60, p = 0.16; (2) CDRS:
group (F[1,25] = 1.44, p = 0.24), time (F[6,85] = 0.41, p = 0.87), or group × time interaction
(F[6,85] = 1.47, p = 0.19); (3) Conners 39-item hyperactivity subscale: group (F[1,25] = 0.33,
p = 0.57], time (F[6,84] = 2.03, p = 0.07), or group × time interaction (F[6,84] = 0.93, p =
0.47); (4) Conners 39-item conduct subscale: group (F[1,25] = 0.43, p = 0.51), time (F[6,75]
= 1.58, p = 0.16), group × time interaction (F[6,75] = 0.36, p = 0.90); or (5) number of OAS
per week: group (F[1,25] = 1.67, p = 0.21), time (F[6,82] = 1.13, p = 0.35), or group × time
interaction (F[6,82] = 0.70, p = 0.65).

Dosage and lithium levels
For those randomized to lithium, the mean serum lithium level by week 6 was 0.82 ± 0.28
mmol/L. The mean number of weeks with a therapeutic level (0.8–1.2 mmol/L) was 3.4 ± 1.7.

Adverse events
Two subjects randomized to lithium discontinued from the study prematurely, both after week
3, one due to clinical worsening and the other due to homesickness. No subject was withdrawn
from study due to adverse physical effect in either the lithium or placebo group. Additionally,
there was not a significant thyroid stimulating hormone (TSH) × time interaction comparing
TSH at prerandomization (baseline 2) and after week 6 of the medication trial using a repeated
measures ANOVA (baseline 2 mean TSH level: SMD-Li+ [n = 10] 2.01 ± 0.88, SMD-Plac
[n = 7] 2.05 ± 0.87; med trial week 6 mean TSH level: SMD-Li + 4.11 ± 3.88, SMD-Plac 3.02
± 1.51] main effect of TSH F[1,15] = 3.94, p = 0.07, TSH × group interaction F[1,15] = 0.54,
p = 0.48).

MRS results
MRS data did not show a significant group × time interaction for any metabolite in any region
of interest, with the exception of parieto-occipital GLX/Cr (Group: F[1,12] =0.003, p =0.96,
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ηp
2 =0.00; Group × time: F[1,12] =8.31 p = 0.01, ηp

2 = 0.41), which increased in the lithium
group and decreased in the placebo group (Table 2).

Discussion
Our results suggest that lithium treatment is not associated with significant clinical or
neurometabolic alterations in SMD youth suffering from severe, functionally impairing,
nonepisodic irritability and ADHD symptoms. Although our study is strengthened by the
double-blind, placebo-controlled design combined with MRS, important limitations include
significantly lower percentage of female SMD subjects randomized to lithium versus placebo,
small sample size, the number of enrolled subjects who were not randomized, and short
duration of treatment. Nevertheless, ours is the first RCT in SMD youth, highlighting the
critical need for treatment studies (both pharmacologic and psychotherapeutic) in this common
syndrome (Brotman et al. 2006; Leibenluft et al. 2006).

An important and unexpected finding is that 45% of the SMD youth made significant clinical
improvement between admission to our inpatient child psychiatric research unit (baseline 1)
and the end of the single-blind placebo run in (baseline 2). These children were not randomized
because their clinical status improved throughout the medication withdrawal and placebo run-
in phases to the point where they no longer met criteria for SMD. Prior studies of youth with
irritability and CD with a similar design—i.e., randomization of only those who continued to
meet criteria after inpatient admission and single blind placebo-run in—had randomization
rates of 62% of initially admitted subjects (Campbell et al. 1995; Cueva et al.1996; Malone et
al. 2000). Thus, our study’s finding that a significant number of irritable youth improve with
in-patient hospitalization aligns with previous trials of similar design. Because, by definition,
the SMD youths had a chronic course of functionally impairing irritability, it is possible that
those SMD youths who exhibited significant symptom improvement after admission were
experiencing a protracted “honeymoon” phase that would have not persisted with time.
However, our data may also demonstrate the powerful therapeutic impact of admission to a
psychiatric research unit with highly skilled staff and teachers, working as a team to provide
round-the-clock care and a structured milieu. Perhaps another reason for the SMD
improvement following admission is a child’s removal from environmental triggers, including
parents or family members, teachers, or peers. Obviously, it would be important to identify the
therapeutic factors that resulted in such clinical improvement prerandomization to guide future
treatment of SMD symptoms, including irritability, in children and adolescents.

Importantly, specific psychotherapeutic interventions were not employed in our current study.
Among the interventions potentially worth studying in SMD is creative problem solving (CPS),
which has shown benefit in treating ODD, including significantly reduced numbers of
restraints, seclusions, and patient/staff injuries on an inpatient unit after CPS was implemented
versus before (Greene et al. 2003; Greene et al. 2004). Further study is also warranted to
determine the impact of standardized daily routines and family therapy in treating the
functionally disabling irritability of SMD youth, given prior studies showing such interventions
benefit children and adults with mood disorders (Keitner et al. 1995; Frank et al. 1997;
Miklowitz et al. 2000; Fristad et al. 2003; Pavuluri et al. 2004; Miklowitz et al. 2003; Rea et
al. 2003).

The MRS data did not indicate significant differences between SMD youth treated with lithium
and those treated with placebo. In BD adults, lithium treatment results in significantly
decreased frontal mI and increased NAA (Moore et al.1999; Moore et al. 2000a; Silverstone
et al. 2002; Silverstone et al. 2003). However, data in pediatric BD samples treated with lithium
have been mixed. Davanzo et al. found that lithium treatment in BD youth was associated with
decreased mI/Cr, but did not impact significantly on NAA/Cr or GLX/Cr in the anterior
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cingulate cortex (ACC) (Davanzo et al. 2001). Patel et al. (2006) failed to show differences in
mI, GLX, or Cr in the prefrontal cortex after lithium treatment (Patel et al. 2006), whereas
Patel et al. (2008) found that lithium treatment in depressed BD adolescents was associated
with decreased medial prefrontal cortex, but not left or right lateral prefrontal cortex, NAA
(Patel et al. 2008). One interpretation of our negative MRS findings is that the neurochemistry
of SMD differs from that of BD. Indeed, whereas data indicate that BD youths have increased
ACC mI/Cr and mI over those with intermittent explosive disorder or healthy controls
(Davanzo et al. 2003), we recently found that, compared to healthy controls (n = 43),
medication-free SMD youth (n = 36) had decreased, rather than increased, temporal mI/Cr
(Dickstein et al. 2008). Moreover, while four of five studies of pediatric BD subjects, both
medicated and medication-free, have demonstrated decreased frontal cortex NAA versus
controls (Castillo et al. 2000; Cecil et al. 2003; Chang et al. 2003; Sassi et al. 2005; Olvera et
al. 2007), our study of medication-free SMD youth showed no significant differences versus
controls in frontal NAA/Cr, mI/Cr, Glx/Cr, or Cr.

Because of the small sample size, these data should be considered preliminary. Nonetheless,
they do not support the use of lithium in SMD youth. Not only did the current study fail to
detect lithium-placebo treatment differences, but the overall rate of improvement in the lithium
group was relatively small, given prior findings on pharmacological responses in a range of
pediatric mental syndromes. Thus, unfortunately, when considering other agents besides
lithium, the prior literature that would guide treatment in these patients is very limited. Clinical
trials to address the irritability and hyperarousal captured by the SMD criteria are hampered
by the fact that the syndrome does not map well onto any DSM diagnosis.

Atypical antipsychotic medications may merit future study in SMD youth. In particular,
risperidone is the first medication to receive a Food and Drug Administration (FDA) indication
for the treatment of the core symptom of SMD, namely irritability. Specifically, risperidone
now has a FDA indication for the treatment of irritability in PDD-spectrum illness based on
two recent RCTs (McCracken et al. 2002; Shea et al. 2004), as well as an FDA indication for
the treatment of pediatric BD. Other atypical antipsychotic medications have also shown
promise in pediatric BD. Indeed, in a study by DelBello et al. demonstrating that BD
adolescents whose acute mania remitted with olanzapine, this treatment was associated with
significantly increased ventral prefrontal cortex NAA (Barzman et al. 2006; DelBello et al.
2002; DelBello et al. 2006). However, consideration of atypical antipsychotics for clinical or
research purposes will need to incorporate measures of known side effects, such as metabolic
syndrome (Correll et al. 2006).

Other antimanic agents, including antiepileptic drugs (AEDs), may also merit study in SMD
youth. Divalproex has been shown to result in clinical improvement in youth with explosive
temper and ODD or conduct disorder (Donovan et al. 1997; Donovan et al. 2000) as well as
to reduce aggression in youth at high risk for BD (Saxena et al. 2006). Thus, divalproex may
warrant further study in SMD youth. Carbamazepine is another AED that has been studied in
treating irritability in children, adolescents, and adults (Mattes et al. 1984; Foster et al. 1989;
Kowatch et al. 2000). However, in studies of children and adolescents, carbamazepine has not
shown significant superiority to placebo in treating aggressive youth (Cueva et al. 1996), and
a recent, large double-blind randomized placebo controlled trial of BD youth failed to
demonstrate significant benefit from oxcarbazepine (Wagner et al. 2006).

Beyond antimanic agents, selective serotonin reuptake inhibitors (SSRIs) merit further study
in SMD youths, given their role in treating disorders characterized by irritability, including
MDD, anxiety disorders, premenstrual dysphoric disorder, and PDD (Fatemi et al. 1998;
Birmaher et al. 2003; March et al. 2004; Owley et al. 2005; Ryan 2005). While concern
regarding SSRI-induced increases in suicidal thinking precipitated the introduction of an FDA
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black-box warning, a recent meta-analysis of all pediatric trials of fluoxetine, sponsored by its
manufacturer, showed no differences in aggression or hostility between those treated with drug
versus placebo (Gibbons et al. 2006; Tauscher-Wisniewski et al. 2007).

Psychostimulants are a third important medication category that bear consideration in the
treatment of SMD youth. Given that the “hyperarousal” symptoms of SMD consist of those
symptoms common to ADHD and the “B” criteria of mania, there is necessarily a high rate of
ADHD in youth with SMD. In addition, several studies suggest that stimulants may reduce
aggression and hostility in patients with ADHD (Carlson et al. 2000; Connor et al. 2002; Sinzig
et al. 2007). In sum, while a number of current medications may result in clinical improvement
in children and adolescents suffering from psychiatric disorders involving irritability, our study
of lithium is the first to study medication use specifically in SMD youths, and no significant
difference in clinical outcome was noted.

As noted above, our study has several important limitations. Although it is possible that our
sample size may contribute to a type II error, the very small effect size suggests that a very
large study would be needed to detect a medication effect. Moreover, the overall low response
rate to lithium suggests that this is not a promising treatment approach. While significantly
fewer SMD girls than boys were randomized to lithium versus to placebo, few gender
differences in lithium response have been identified in BD adults (Viguera et al. 2000; Viguera
et al. 2001). It is also possible that SMD youth might have needed higher doses of lithium,
longer duration of exposure, or both. Studies indicate that children have shorter elimination
half-lives and greater lithium clearance than adults (Vitiello et al. 1988). Moreover, one study
using lithium-7 MRS (rather than 1H-proton MRS) demonstrated that children (n = 9) had
lower brain-to-serum lithium ratios than adults (n = 18) (Moore et al. 2002), suggesting that
children may require higher serum levels of lithium to achieve the same brain concentrations.
With respect to limitations of our MRS methodology, our study was modeled on prior work
in BD adults, and thus evaluated neurometabolites in four ROIs, referenced to Cr to control
for partial volume effects (Moore et al. 1999; Moore et al. 2000c). However, different MRS
methodologies might yield different results; such methodologies might include using different
ROI locations (e.g., anterior cingulate cortex), a whole-brain approach, or evaluating absolute
concentrations with a higher strength magnetic field (Moore et al. 2000x; Davanzo et al.
2001). Resolution of these possibilities will require additional studies of lithium in SMD youth,
maximizing their safe exposure to lithium while collecting clinical and neurometabolic data.

Conclusions
Our data suggest that lithium may not result in significant clinical or neurometabolite
alterations in youths with chronic irritability and hyperarousal. However, further study is
warranted in larger samples to fully assess brain and behavioral alterations associated with
lithium treatment in these SMD youths.
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FIG. 1.
Disposition of SMD subjects in randomized, placebo-controlled trial of lithium.
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FIG. 2.
Magnetic resonance spectroscopy voxel placement. (A) Frontal: Placed in the right
orbitofrontal cortex (OFC). (B) Temporal: Placed in the left hippocampus. (C) Central parieto-
occipital: Placed in the vicinity of the precuneus. (D) Parietal: Placed in the white matter of
the corona radiata. Voxel locations are based upon Moore et al. (1999) and Moore et al.
(2000a).
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FIG. 3.
Sample LC model processed spectra. The black line represents acquired spectra; the red line
represents fitted spectra from same subject. Horizontal axis is chemical shift in parts per million
(ppm). LC model: version 6.1–0, S.W. Provencher, Ontario, Canada. mI = Myoinositol; Cr =
creatine; GLX = combined glutamate/glutamine; NA = N-acetyl-aspartate.
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FIG. 4.
Clinical Global Impressions–Improvement (CGI-I) weekly results in severe mood
disregulation (SMD) youths randomized to lithium versus placebo.
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FIG. 5.
Weekly Positive and Negative Symptom Scale for Schizophrenia-4 (PANSS-4) results in SMD
youths randomized to lithium versus placebo. PANSS-4 = Sum of excitement (hyperactivity),
hostility, uncooperativeness, and poor impulse control.
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