") Check for updates

NEW RESEARCH AGGRESSIVE BEHAVIOR

Stimulant Medication Shortens the Duration
of Impairing Emotional Outbursts

Lauren M. Spring, MD{, Joseph E. Schwartz, PhD(}, Gabrielle A. Carlson, MD

Objective: Emotional dysregulation, often presenting as severe emotional outbursts, is being increasingly recognized as a source of considerable
impairment for individuals with attention-deficit/hyperactivity disorder (ADHD). The aim of this study was to conduct a secondary analysis of data
examining the impact of standing stimulant medication on the duration of emotional outbursts.

Method: The as needed (PRN)-medicated outbursts of psychiatrically hospitalized children, 5 to 12 years of age, were tracked by psychiatric nurses
using the Behavioral Activity Rating Scale from the time of PRN administration until the child became calm. The impact of extended-release (ER),
immediate-release (IR) stimulant and dose, type and reason for outburst/PRN (aggression, agitation, distress), standing concomitant psychotropic
medications and time of day, and days since admission were examined.

Results: Forty-seven children had a total of 405 outbursts, 96 of which occurred when no stimulant was prescribed and 309 with stimulant
medication. Controlling for time of day and standing neuroleptic dose, outbursts that occurred on an ER stimulant medication were statistically
significantly shorter than those that occurred on no stimulant by about 20 minutes (52.7 vs 72.4 minutes), or 30 minutes for aggressive outbursts.
Results were unchanged when further controlling for stimulant type and dose, 0i-agonist, days since admission, PRN medication type, or reason for
PRN/outburst. Immediate-release stimulants and short-acting stimulants did not shorten outburst duration.

Conclusion: In children with ADHD with severe outbursts, ER stimulants were associated with shorter outburst duration than IR stimulants.

Plain language summary: This study examined psychiatrically hospitalized children with attention-deficit/hyperactivity disorder who had
emotional outbursts requiring as-needed medication. Children who took extended-release stimulant medication (stimulants that are designed
to last throughout the day) had shorter outbursts (by about 20 minutes) than children on no stimulant medication or short-acting stimulant
medication.
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evelopmentally and situationally inappropriate,
frequent, and outbursts,
conceptualized as a form of irritability,"* are a
common problem in child and adolescent psychiatry®* and

are often the reason for referral to child and adolescent
6,7

severe emotional

psychiatric emergency services,” outpatient departments,
and inpatient Diagnostically, attention-deficit/
hyperactivity disorder (ADHD) is common in youth who
experience these emotional outbursts.”™"! Conversely, out-
bursts are common in youth with ADHD.'"? In fact,
although hyperactivity and impulsivity are considered the
essential features of ADHD, emotional symptoms,
including outbursts, have long been recognized as an
especially impairing part of the symptomatology of ADHD.
In 2019, Faraone er al.'” reviewed the evidence for symp-
toms of emotional dysregulation in ADHD, reporting that
as many as 40% to 50% of youth with ADHD experience
significantly impairing anger, low frustration tolerance,
rages, and irritability.

... 8
units.
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Irritability/emotional outbursts/dysregulation may also
be considered a form of “impulsive” or “maladaptive
aggression.”14 Jensen et al. defined this as “aggression that
occurs outside an expectable social context. The intensity,
frequency, duration, or severity of the aggressive response is
disproportionate to its causes and may occur in the absence
of expectable antecedent social cues.”"> In the Multimodal
Treatment Study of Children With ADHD (MTA), 267 of
579 children (46%) were identified as having significant
problems with aggression, and 44% of those remained so
even after their ADHD had been vigorously treated."
These rates, not surprisingly, are very similar to the dysre-
gulation rates reported by Faraone et al.'°

There is a plethora of evidence supporting the use of
stimulant treatment for aggressive symptoms in children
with ADHD.'® A meta-analysis by Connor ez a."” found an
overall mean effect size (ES) of Cohen d = 0.84 of stimu-
lants on reducing occurrences of overt aggression. After
reviewing 45 randomized controlled trialss, Pappadopulos
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STIMULANTS SHORTEN OUTBURSTS IN ADHD

er al.'® found that of all psychotropic medications, meth-
ylphenidate (MPH) had the largest effect on comorbid
aggression in pediatric ADHD (mean ES d = 0.90, com-
bined N = 844). Large network meta-analyses of pharma-
cological and non-pharmacological treatments of ADHD in
children and adolescents concluded that of the medications
prescribed for ADHD, methylphenidate, and amphetamine
(AMP) have the greatest efficacy, although they do not
specifically address aggression.'”*°

There are both a recent review of irritability/dysregu-
lation in ADHD?' and a recently completed a meta-analysis
of interventions for persistent, non-episodic irritability in
children with psychiatric disorders.”* The latter report an
ES (Hedges g) for ADHD medications of 0.50. A secondary
analysis of the MTA, using a measure of oppositional
symptoms from the Swanson, Nolan and Pelam rating scale
to rate irritability, reported an effect size for stimulants alone
of d = 0.63.% Galanter ez a/*** also analyzed the MTA
data but confined their study to comparing children with
what is now called the Child Behavior Checklist (CBCL)
Dysregulation Profile.’® In that group of moody and
aggressive children with ADHD, the ES for treatment (all
stimulant treatments) was d = 1.04. However, this study
makes the point that although symptoms improve, children
with the dysregulation profile are more symptomatic at the
start and at the end of the study than non-dysregulated
children with ADHD.***>

The continuing symptomatology of children with ADHD
and aggression/irritability/mood dysregulation is a problem
specifically identified by a number of authors'>*”** and has
provided the impetus for several controlled studies including
the Treatment of Severe Childhood Aggression (TOSCA)
study” and the Stepped Treatment for ADHD and Aggres-
sion (SPICY) trial.>® These studies address the question of
what to do when stimulants alone are insufficient to reduce
aggressive behavior in children with ADHD.

In the Treatment of Severe Childhood Aggression
(TOSCA) trial, aggressive children with ADHD were
selected on the basis of their assaultive behavior. They were
dosed with the osmotic release oral system formulation of
methylphenidate (OROS-MPH) in an open-label trial, ul-
timately taking about 45 mg per day and then randomized
to continued stimulant and parent training alone vs
continued stimulant, parent training plus risperidone. Only
8 of 168 children were well enough on stimulant alone at
the point of randomization to discontinue the study. For
the whole sample, the stimulant-alone ES from baseline to
the start of the randomized trial was d = 0.62. Not often
highlighted, however, was the ES of d = 0.29 on a reactive
behavior scale, probably focusing on irritable outburst
behavior. In another study, the ES for the Peer Conflict
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Scale and oppositional defiant disorder (ODD) irritability
scale from the Child and Adolescent Symptom Inventory
were a discouraging d = 0.29 and d = 0.19, respectively.31
All suggest only minor reductions in significant aggression.
Moreover, there was no indication of whether the assaultive
behavior, which was an inclusion criterion for the study,
changed appreciably.

The Stepped Treatment for ADHD and Aggression
trial®® also addressed aggression in children with ADHD,
using ADHD and aggression measures somewhat similar to
those in TOSCA, but spent longer stabilizing the children
on stimulant medication and parent training (over 9 weeks)
before randomizing them to risperidone, valproate, or pla-
cebo if they remained unacceptably aggressive. For the open
treatment phase, children ultimately were taking a variety of
mostly extended-release (ER) stimulants with mean daily
doses of 42 to 44 mg per day. They did well enough with
this regimen and parent training that 96 of the original 175
children did not enter the randomized, adjunctive medica-
tion phase of the study. The aggression measure raw scores
were not given, but 7 scores for standardized measures on
stimulants alone dropped from 7= 75.8 to 7' = 61.5 for
CBCL aggression and from 7= 82.0 to 7= 55.4 for the
Conners emotional lability factor. Again, however, what
specifically improved or did not improve of the aggressive
behaviors was not spelled out.

In conclusion, although stimulant medications have
consistently been shown to have a positive impact on emotional
symptoms and aggression in ADHD, multiple different terms
and rating scales have been used throughout the literature,
making it difficult to know what exactly is improving.>* Spe-
cifically, are emotional outbursts the focus of treatment? Are
they occurring less frequently? Are they less severe when they
occur? Is there a change in how long the outbursts lasts?

Two concepts that appear especially relevant to ADHD
are emotional impulsivity (how reactive the child is) and
deficient emotion regulation, including both the inability to
prevent emotions from rising to problematic levels as well as
slower than normal return to their emotional baseline."®

The present study will address the last issue, that is, how
long it takes the severe emotions generated in an outburst to
return to baseline. Using data collected on psychiatrically
hospitalized children admitted mainly for aggression, the
initial purpose of the study was to determine the effective-
ness of mostly oral “as needed” (PRN) medication in
shortening the duration of children’s severe emotional
outbursts. The original study® reported that despite
adequate doses of PRN risperidone, diphenhydramine,
olanzapine, lorazepam, or chlorpromazine as well as
adequate doses of standing neuroleptic medication, no sig-
nificant differences were found between PRNs in shortening
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the duration of the outburst. Almost half (43.9%) of out-
bursts ended in 30 minutes or less, whereas 21.3%
continued for longer than 2 hours, and outburst duration
varied widely within a single child. Because most of the
children with outbursts had either ADHD only or ADHD
and another externalizing disorder, and because of the
known improvement in aggression seen in some children
with ADHD who were taking stimulant medication, we
now report the results of a secondary analysis examining the
impact of standing stimulant treatment on the duration of
emotional outbursts.

METHOD

Sample

The original study included children 5 to 12 years of age
who were admitted to Stony Brook University Hospital’s
10-bed Children’s Inpatient Unit between September 1,
2017, and April 23, 2018. The analysis sample for this
study consists of the 66 of 70 children who were diagnosed
with ADHD after evaluation by the inpatient attending
psychiatrist and the interdisciplinary team consisting of a
resident or fellow, psychologist, full-time special education
teachers, and nurses. Four children who were subsequently
discharged within a few days of admission or whose parents
would not allow medication treatment were excluded. As-
sessments included a medical and psychiatric history and
mental status. Psychoeducational testing, including the
Wechsler Intelligence Scale for Children IV edition (WISC-
IV) and the listening comprehension, reading and mathe-
matics scores from the Kaufman Test of Educational
Achievement™ (KTEA), were available for the 49 children
who were hospitalized during the academic calendar. De-
mographic characteristics and clinical measures (eg, history
of abuse, domestic violence, or other severe stressors), the
reason for admission (aggression, suicidal behavior, psy-
chosis, other), and the number of psychiatric hospitaliza-
tions and emergency room visits were recorded.

Outburst Ascertainment

Described in detail elsewhere,?” the number and duration of
severe emotional outbursts were systematically gathered
with the use of the nurse-completed Behavioral Activity
Rating Scale (BARS)*>” whenever a PRN medication was
administered. It should be noted that more than 1 PRN
might be used for an outburst, but the outburst was the unit
of analysis. The BARS uses a 7-point scale ranging from 7
(violent, requires restraint) to 1 (difficult to arouse), with 4
(normal level of activity) considered to be the end of the
outburst. Ratings were recorded at the time that the PRN
was given, at 15-minute intervals for the next 60 minutes,
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when the child became calm, and/or at 120 minutes. Time
to a BARS score of <4 is called “Time to Calm,” or TTCI1.
Although the outburst usually started before the PRN was
given, we are defining outburst duration as the time from
the first PRN administration until a BARS score of <4.

All unit staff were trained in verbal and non-verbal de-
escalation techniques for addressing outbursts, aggression,
and other challenging behaviors. Oral PRN medication
was offered when the situation continued to intensify
despite attempts at de-escalation. Although individual staff
may have had a higher or lower threshold for administering
PRN medications, staff were not always assigned the same
patients, and there is no evidence that particular staff took
care of either children prescribed a particular PRN or
children with a particular diagnosis. So, any treatment
biases were not likely distributed in a systematic way across
the sample.

One treatment provider made medication decisions for
all patients for the duration of this study. Medication de-
cisions, both standing and PRN, were made clinically on an
individual patient basis. PRN medications included low and
high doses, respectively, of diphenhydramine (25 mg and
50 mg) and risperidone (0.5 mg and 1 mg). Medication
decisions were based on both safety and experience; olan-
zapine (5 mg only), lorazepam (0.5 mg and 1 mg), and
chlorpromazine (25 mg and 50 mg) were tried when first
PRN medications failed.*

Patients’ individual histories were considered when
making stimulant medication decisions. For example, short-
acting formulations were chosen when individuals had a
history of insomnia with previous exposure to long-acting
formulations. Twice-daily (around 7:30 and 11:30 am)
short-acting medications were prescribed when appetite
reduction and weight loss were important considerations, so
that the child could eat a larger meal at the end of the day.
In general, when there was no contraindication or no prior
history of stimulant use, patients were moved from short- to
long-acting stimulant formulations once tolerability and
effectiveness were established. Use of short-acting stimu-
lants preceded long-acting or ER stimulants, which is why
we controlled for at what point during hospitalization a
medication was administered.

To control for variables that might affect the duration
of outbursts, the following specific information was ascer-
tained about the outbursts: time of day of PRN, number of
days from admission to the outburst, and the type of
outburst (reason for PRN). Reasons for PRN administra-
tion/type of outbursts were classified as aggression (property
destructive and/or physically assaultive behavior), agitation
only (hostile/angry and/or verbally threatening behavior), or
distress (crying uncontrollably or severely anxious).
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Medication Treatment
ADHD medication treatment was analyzed by the absence
or presence of stimulant treatment, including methylphe-
nidate and dexmethylphenidate immediate release (IR)
preparations (MPH-IR), MPH extended-release (MPH-
ER), including OROS-MPH, dexmethylphenidate ER, and
other ER preparations), and dextroamphetamine IR (AMP-
IR), including mixed amphetamine salts (MAS) and ER
preparations (eg, MAS-XR and lisdexamphetaphamine).
Stimulant medication doses were converted to MPH
equivalents; total daily dose on the day of the outburst
divided by body weight (mg/kg/d) was calculated. For
example, total daily dose of OROS-MPH 27 mg plus 10
mg at 2:30 pm was 37 mg; total daily dose of MAS-IR 10
mg b.i.d was equivalent of 40 mg MPH; total daily dose of
MAS-XR 10 mg was 20 mg MPH-equivalents.”®

Impact on TTC1 was examined in 2 ways: by formula-
tion (IR vs ER), and by duration of action of the medication
(short-acting was twice a day, IR stimulant; long-acting was
either IR 3 times a day or ER stimulant). Although there is a
clear overlap, the distinction is whether the duration of action
or steadiness of medication release has a specific impact.

Besides the presence and type of stimulant medication
(MPH or AMP), other possible medication influences on
TTC1 included other ADHD medications (di-agonists;
rarely atomoxetine), the type of PRN received (neuroleptic,
diphenhydramine, and/or benzodiazepine), and dose of
standing neuroleptic medication converted to risperidone
equivalents.”

The following questions were examined:

1) Among a cohort of hospitalized children with
ADHD, were there demographic or clinical differ-
ences between those who had outbursts and those
who did not?

2) Among those children with ADHD who had out-
bursts, were there demographic or clinical differences
or differences in the type of outburst between those
children who were treated with stimulant medication
during their hospitalization and those who were not?

3) Among those with outbursts, was TTCI1 associ-
ated with

a) whether the outburst occurred while the child was
taking an IR vs an ER stimulant (or no stimulant) on
the day of the outburst?

b) whether the outburst occurred while the child was
taking a short-acting vs long-acting stimulant (or no
stimulant) on the day of the outburst?

4) Follow-up analyses controlled for the possible in-
fluences on the results for 3a and 3b of

a) total weight-adjusted daily dose of stimulant (mg/kg)
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b) the type of stimulant (MPH vs AMP)

¢) standing 0l-agonist

d) when the outburst occurred (days since admission)
e) type(s) of PRN medication administered

f) type of outburst prompting the nurse to administer

the PRN

Statistical Analysis

Children with ADHD who experienced 1 or more outbursts
were compared to those with no outbursts on demographic
and clinical characteristics using 7 tests for continuous mea-
sures, Fisher exact test for dichotomous measures, and X2 tests
for categorical measures with 3 or more categories. The same
approach was used to compare children who never received
stimulant medication to those who did.

For the primary analyses of the association between type
of (standing) stimulant received (IR vs ER or short-acting vs
long-acting) and duration of outbursts (TTC1), multilevel
linear mixed models (MLMM) were estimated in which the
intercept was treated as a random effect and heterogeneity of
variances were accounted for. On a priori grounds, standing
dose of neuroleptic, quantified in risperidone dose equiva-

39 was included as a covariate in all models. Given that

lents,
a preliminary analysis revealed that when time of day was
subdivided into 3-hour blocks, TTCI was significantly
shorter in the evening (15.2 minutes shorter for outbursts
between 6:00 pm and 8:59 pm, and 37.4 minutes shorter
for outbursts starting at 9:00 pm or later), all MLMM
models also included indicator variables for these 2 time
periods as covariates. MLMM results are generally reported
as the covariate-adjusted mean TTC1 (least squares mean)
for a specific category of standing stimulant or the absence
of any stimulant on the day of the outburst. Pairwise dif-
ferences in unadjusted means that are statistically significant
at an unadjusted p value of <.05 are identified.
Heuristically, the MLMM analyses provide estimates of
TTC1 that represent the time to calm of the average
outburst for the average child: that is, the average of chil-
dren’s time to calm averages. This implicitly adjusts for
differences in the number of outbursts per child; several had
only 1 outburst, whereas 1 child had a total of 52 outbursts
(>12% of all the outbursts). Were the analysis not to treat
the intercept as a random factor, the results would be
disproportionately influenced by those few children who
had many outbursts. This said, we conducted sensitivity
analyses in which all outbursts were weighted equally (ie,
the intercept is not treated as a child-level random effect).
Similarly, a few outbursts were exceptionally long. To
account for this, we also performed a sensitivity analysis in
which the outcome, Time to Calm, was winsorized (that is
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all values above the 95th percentile [180 minutes]) were
recoded to 180 minutes, and all values below the 5th
percentile [15 minutes]) were recoded to 15 minutes).
Although the numerical results changed slightly, the find-
ings were substantively unchanged.

All analyses were performed using SAS, version 9.4.

RESULTS

Of the 66 children with ADHD analyzed, 47 (71.2%) were
male, 32 (48.5%) were non-White (25 Black and 7 His-
panic), and 28 (42.4%) lived with both parents. The
average age (SD) was 9.9 (1.8) years. Mean length of stay
was 15.9 (9.5) days (median, 15 days; range, 5-46 days).

A total of 19 children (28.8%) had no PRN during
their admission. The remaining 47 children experienced a
total of 405 outbursts with at least 1 PRN. The BARS was
successfully completed for 305 (75.3%) of these outbursts.
Missing TTCI1 data could usually be estimated from the
nurses’ notes, resulting in this primary outcome measure
being available for 397 (98.0%) outbursts. The difference in
mean TTCI derived from nurses’ notes vs from BARS was
not significant (p = .57).

Of the 19 children who never had an outburst
requiring a PRN, all were treated with stimulants during
most of their inpatient stay. Among the 47 children with
outbursts requiring a PRN, the mean number of outbursts
was 8.6 (10.2); the median was 5 (interquartile range, 2-
12). Seven children (14.9%) were never on a stimulant
medication during an outburst; 30 (63.8%) were on a
standing stimulant at the time of every outburst; and the
remaining 10 (21.3%) were on a stimulant at the time of at
least half of their outbursts. Of the 47 children, 15
(31.9%) had 1 or 2 outbursts; the remainder (n = 32,
68.1%) had 3 or more.

There were no significant differences between children
with ADHD who had no outbursts and those who did by
age, sex, race/ethnicity, or living with both biological par-
ents (Table 1). Children did not differ on prevalence of
autism, mood disorder, anxiety disorder, and trauma
(physical or sexual abuse, domestic violence, or severe
stressors), Full Scale IQ, or KTEA reading, mathematics, or
listening comprehension scores. This was the first hospi-
talization for most children in both groups, and the number
of prior emergency room visits did not differ between
groups. However, as shown in Table 1, children with
ADHD with outbursts had a longer average length of stay
(19.0 vs 11.8 days), were more often admitted for aggres-
sion (78.7% vs 47.4%), and were more often diagnosed
with oppositional defiant disorder (85.1% vs 47.4%).
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Table S1, available online, compares the 40 children
with outbursts who were prescribed stimulants with the 7
children who never had an outburst while on a stimulant.
There were no differences except that stimulant-prescribed
children were significantly younger than those who were
never given a stimulant.

Stimulant Medication Treatment

Table 2 summarizes the different classes of stimulants taken,
and the mean adjusted doses per child. MPH-ER in (126
outbursts) and MPH-IR (in 89 outbursts) were the most
commonly used medications, followed by AMP-ER (in 75
outbursts) and MAS-IR (in 19 outbursts). It should be
recalled that a child can be in more than 1 category: that s,
some outbursts might be while the child is on no stimulant,
and others might be while the child is on a stimulant.

As shown in Table 3, after controlling for standing
neuroleptic dose and time of day, outbursts that occurred
while the child was taking an ER stimulant medication were
statistically significantly shorter than those that occurred on
no stimulant by about 20 minutes (52.7 vs 72.4 minutes).
The approximately 20-minute difference remained even
after controlling for stimulant dose (22.0 minutes.), type of
stimulant (MPH or MAS, 21.6 minutes), additional o-
agonist (concomitant O-agonists in 195 of 405 outbursts,
22 minutes), PRN type (neuroleptic, diphenhydramine,
and/or benzodiazepine, 22.6 minutes), and days since
admission (22.4 minutes). Outbursts that occurred while
the child was on an IR stimulant lasted 17.1 minutes longer
than when the child was on an ER stimulant (69.8 minutes)
and were almost as long as when no stimulant was used.

One important clinical confound was whether the
outburst was rated by nurses as aggressive, agitated, or
distressed. Aggressive outbursts without stimulants had the
longest duration (86.9 minutes), followed by irritable out-
bursts (36.1 minutes) and distress outbursts (27.3 minutes)
(Table 4). Furthermore, aggressive outbursts were 29.9
minutes shorter on ER stimulant medications (TTCI of 57
minutes) than on no stimulant (TTC1 of 86.9 minutes).
For outbursts attributed to irritability or distress (ie, not
aggression), TTC1 was shorter in children not taking
stimulants (compared to outbursts attributed to aggression),
and stimulants had no effect on TTCI.

Table 3 further illustrates that when comparing short vs
long-acting stimulants, the differences were smaller and not
statistically significant; outbursts when on a short-acting
stimulant were similar in length to when there was no
stimulant (72.0 vs 72.4 minutes), whereas outbursts that
occurred while the child was taking a long-acting stimulant
lasted an average of 59.2 minutes. When the IR stimulants
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TABLE 1 Demographic and Clinical Differences in Children With Attention-Deficit/Hyperactivity Disorder (ADHD) With and

Without Outbursts

ADHD
No outbursts
No. of children 19
Demographics n %
Sex, male 12 63.2
Black 5 263
Non-White 7 36.8
Lives with 2 parents 11 57.9
Mean SD

Age, mean/SD 10.3 1.6
Full Scale 1Q 91.2 1.4
KTEA reading 87.0 19.8
KTEA mathematics 84.3 104
KTEA listening 93.3 17.6

comprehension
Length of stay 11.8 6.2
No. of emergency room visits 0.7 1.1
Clinical n %
First hospitalization 16 84.2
Admitted with aggression/ 9 47.4

outbursts
Any trauma 10 52.6
Diagnosis

Any ODD/CD 9 47.4

Any ASD 3 15.8

Any mood disorder 10 52.6

Any anxiety disorder 5 26.3

Any mood/anxiety disorder 13 68.4
Treatment

Any stimulant 19 100

Any a-agonist 5 26.3

Any antidepressant 13 68.4

Any neuroleptic 5 26.3

Any atomoxetine 0

ADHD
Outbursts Statistic P

47

n %
35 74.5 .38
20 42.6 27
25 53.2 .28
17 36.2 A7

Mean SD t

9.8 1.9 —1.05 .30
91.2 18.4 0.01 .99
82.4 18.2 —0.82 A1
84.6 18.1 0.06 .95
83.5 16.5 —1.86 .07
19.0 9.8 359 .0007

0.8 13 0.46 b7

n %
33 70.2 .35
37 78.7 .02
29 61.7 .58
40 85.1 .004
10 213 74
15 31.9 16

6 12.8 27
19 40.4 .06
40 85.1 .08
21 44.7 27
24 51.1 .28
33 70.2 .002

2 43 1.0

Note: ASD = autism spectrum disorder; CD = conduct disorder; KTEA = Kaufman Test of Educational Achievement; ODD = oppositional defiant

disorder.

are differentiated by long-acting vs short-acting stimulants,
the difference in the corresponding outbursts” time to calm
is negligible (72.3 vs 74.2 minutes), strongly suggesting that
it is the extended-release (all long-acting) formulation that
results in an approximately 20-minute shortening in
outburst duration.

We repeated the analyses comparing TTC1 for children
taking IR or ER stimulants, or no stimulant, without
adjusting for clustering by child or the differential number
of outbursts that the children had (ie, simply treating all
outbursts equally). The results of these sensitivity analyses
are fully consistent with those shown in Table 3 and
described above.
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Somewhat surprisingly, the dose of stimulant was not
associated with TTCI1. Although the MPH-IR dose was
comparatively lower than the medication dose of other
stimulant preparations (often because short-acting medica-
tions were used before converting to ER medications), there
was no association between medication dose and TTCI
(Table S2, available online).

Figure 1 presents Kaplan—Meier curves for time to calm
separately for those outbursts when the child was on an ER
stimulant, an IR stimulant, or no stimulant. Table 2 dif-
ferentiates MPH from AMP stimulants, revealing that 20%
of outbursts when on IR MPH ended within 30 minutes
compared to 47.4% when on MAS-IR, whereas there was
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TABLE 2 Outbursts, Stimulant Doses, and Association of Time to Calm for Outbursts With Standing Stimulant Medication in

Children With Attention-Deficit/Hyperactivity Disorder (ADHD)

Adjusted mean

stimulant
Standing stimulant No. of No. of dose
medication children outbursts (%) mg/kg/d’
No stimulant 17 96 (23.7) —
Methylphenidate BID 3 10 (2.5 0.56
Methylphenidate TID 19 79 (19.5) 0.77
Immediate-release 4 19 @.7) 1.28
amphetamine salts
Extended-release 26 126 (31.1) 1.48
methylphenidate
Extended-release 9 75 (18.5) 0.93
amphetamine
Total 405 (100) 1.07

<30 >120
No. of outbursts with min  min Adjusted TTC1

TTCA (%) % % mean? (95% Cl)
91 (22.9) 396 286 73.1%

10 (2.5) 200 400 118.1

79 (19.9) 329 342 75.659¢

19  (4.8) 474 105 47.8%¢

124 (31.2) 516 105 52.2b¢

74 (18.6) 514 135 55.2¢
397 (100) 441 207 55.5

Note: Statistical significance: superscript letter “a” identifies 2 means that differ significantly (p < .05, with no adjustment for multiple comparisons);
similarly, superscript “b" identifies 2 means that differ significantly, and the same for superscripts “c” through “e.” For example, 73.1 is significantly
greater than both 47.8 (share “a”) and 52.2 (share "b"). BID = bis in die (twice a day); TID = ter in die (three times a day); TTC1 = time to calm.

"Primary unit of analysis is a child with multiple outbursts nested within the child; estimate of mean adjusts for differences in the number of outbursts

per child and clustering by child.

2Covariate-adjusted mean TTC1, controlling for risperidone dose equivalent (RDE) of standing neuroleptic and time of day of the outburst. Global test
of significance: F4 330 = 3.64, p = .006 controlling for RDE and time of day of the outburst. Pairwise comparisons: the differences in mean TTC1
between rows that share the same superscript letter are statistically significant (2-tailed p < .05, unadjusted for multiple comparisons).

little difference between when on MPH-ER (51.6%) and
AMP-ER  (51.4%) preparations. Less than 15% of
extended-release—treated outbursts continued beyond 2
hours compared to more than one-third (34.2%-40.0%) of
outbursts when on IR MPH.

DISCUSSION

To our knowledge, this is the first study to examine either
outburst duration in children with ADHD or the differ-
ential impact of stimulant medications. Compared to chil-
dren with ADHD without outbursts, children with ADHD
and outbursts had a more severe clinical presentation: they
were more likely to be hospitalized because of aggression
and to have a longer length of stay.

Our primary findings are as follows: (1) the average
outburst duration was 17 to 20 minutes shorter for outbursts
occurring while the child was taking an ER stimulant, either
MPH or AMP based, than for outbursts occurring while the
child was taking an IR stimulant or no stimulant; (2) the
outburst duration was similar for outbursts while on an IR
stimulant and those in whom no stimulant was being taken;
(3) among those outbursts while the child was taking an IR
stimulant, there was no difference in outburst duration be-
tween twice a day and three times a day administrations; (4)
almost three-fourths of the PRNs were given to treat aggressive
behavior, and it was these outbursts for which ER stimulants
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were most beneficial, reducing outburst duration by about 30
minutes. Although the average duration was still unacceptably
long (57 minutes), at least in children with ADHD, the
suggestion is that ER stimulants may specifically improve
emotion regulation. In the words of 1 experienced nurse,
children on an ER stimulant “ran out of steam sooner.”

None of the demographic or clinical characteristics of
the children were able to explain ER stimulants’ effect. The
shortened outburst duration effect was not pharmacological
insofar as there was no differential impact conferred on
outbursts by time of day (ie outbursts were not shorter in
the morning or midday, when the drug should have had its
peak effect), and there was no evidence that higher-dosed
children responded better than lower-dosed children
(although all but 1 child averaged at least 0.4 mg/kg/d).
Within the 2- to 4-week hospitalization, there was also no
significant effect on outburst duration for outbursts earlier
vs later during hospitalization. There was also no evidence
of an added benefit of standing Ol-agonist or neuroleptic
dosage on outburst duration.”

The lack of benefit of MPH-IR 3 times a day was
unexpected, as comparably dosed ER and 3 times a day IR
formulations are considered equally effective.*”*" The
longer duration and possibly better effectiveness of AMP
has been recognized for years.*> The importance of all-day
coverage with stimulant medication is well recognized.*
Our data suggest that once-daily smooth release, not just
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TABLE 3 Association of Stimulant Duration and Formulation With Time to Calm, Controlling for Potential Confounds

No. of
outbursts / no.
of children?
No 96 /17
stimulant
Immediate- 122/ 24
release

Extended- 187 /32
release

No 96 /17
stimulant

Short-acting 29/7
Long-acting 280/ 37

No 96 /17
stimulant
Immediate-
release
short 29/7
long 93720
Extended- 187 /32
release

Mean

stimulant
dose (mg)

32.7¢°

47.6°

25.9¢
44.1¢

25.9°
33.30
47 67°

Covariate-adjusted mean time to calm (min)"

72.4?
67.5°

50.4%°

72.4

68.3
56.2

72.4°

71.2
70.1°
50.8°°

Mean No Stimulant dose MPH (vs
stimulant  additional (mg/kg) AMP)
dose (mg/kg) covariate controlled controlled controlled

— 72.4° 72.4° 72.4°
0.98° 69.8° 68.0° 68.2°
1.35° 52.7% 50.4% 50.8%

— 724 724 724
0.70° 72.0 70.9 68.8
1.28° 59.2 57.2 521

— 72.42 72.42 72.42
0.70° 74.2 72.6 73.1
1.03° 72.3° 69.7° 70.0°
1.35% 53.2% 50.2%0 51.0%

Neuroleptic,
diphenhydramine,

a-Agonist benzodiazepine

PRN controlled

72.4°
66.8°

49.8%

72.4

71.4
57.0

72.4°

729
69.5°
50.3%°

Days since

admitted

controlled
72.42
68.8

54.0°

72.4

70.3
60.4

72.4°

72.4
71.3°
54 520

Reason for
PRN
controlled
72.4
68.5

541

72.4

62.9
59.6

72.4

64.1
70.5°
54.8°

Note: Statistical significance: superscript letter “a” identifies 2 means that differ significantly (p < .05, with no adjustment for multiple comparisons); similarly, superscript “b” identifies 2
means that differ significantly. In the fourth column, for example, 72.4 is significantly greater than 52.7 (share “a”) and, similarly, 69.8 is significantly greater than 52.7 (share “b"); superscript
“ab” indicates that 52.7 differs significantly from the 2 other means. AMP = amphetamine; MPH = methylphenidate; PRN = pro re nata.
"All estimates of mean time to calm adjust for standing dose of neuroleptic (risperidone dose equivalent), time of day of the outburst, plus the factor listed in the column heading.

2The number of outbursts sums to 405; the number of children sums to more than 47 because some children were on different stimulant regimens at the time of different outbursts.
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TABLE 4 Association of Stimulant Duration and Formulation With Time to Calm, Stratified by Type of Outburst

Adjusted mean time to calm (min)?

Type of outburst

No. outbursts /no. Aggression Irritable without aggression Crying or stress
children’ (n = 247) (n = 62) (n =33)

No stimulant 87 /13 86.9°bede 36.1° 27.34
Immediate-release 101 /23 75.9fh 54.3 48.7
Extended-release 154 / 32 57.0°f 52.8°¢ 41.8%"
No stimulant 87 /13 87.0°bede 34.5° 27.0°
Short-acting 22/6 67.1 64.0 Never occurs
Long-acting 233/ 36 64.6% 52.3¢ 441
No stimulant 87 /13 86, 52bcdef 35.7° 26.9°
Immediate-release

Short 22/ 6 67.9 65.1 Never occurs

Long 791719 78.89" 52.7°¢ 49.0
Extended-release 154/ 32 57.1%9 53,09 4190

Note: Statistical significance: superscript letter “a” identifies 2 means that differ significantly (p < .05, with no adjustment for multiple comparisons);
similarly, superscript “b" identifies 2 means that differ significantly, and the same for superscripts “c” through “j.” In the first 3 rows, for example, 86.9 is
significantly greater than 57.0 (share “a”), 36.1 (share “b"), 52.8 (share “c”), etc.

"The number of outbursts sums to 342; the number of children sums to more than 47 because some children were on different stimulant regimens at
the time of different outbursts.

2Estimates of mean time to calm adjust for neuroleptic dosage (risperidone dose equivalent) and time of day of the outburst.

duration of action, may be important not only for ease of =~ MPH formulations are equivalent to each other in terms
use but also for emotion regulation. Although there are  of efficacy for treating the core symptoms of ADHD,*!444>
several reports demonstrating that short- and long-acting ~ we are unaware of data specifically for treating aggression,

FIGURE 1 Kaplan-Meier Curves for Time to Calm of Outbursts When the Child Is On an Extended-Release Stimulant, an

Immediate-Release Stimulant, or No Stimulant
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STIMULANTS SHORTEN OUTBURSTS IN ADHD

and as thorough as the published systematic reviews and
network meta-analyses comparing the efficacy and tolera-
bility of pharmacological interventions for ADHD'**
even they do not examine ER vs IR, emotional symptoms,
or aggression.

Our observations need replication, as there are clearly
many limitations to this naturalistic study. It was not ran-
domized or controlled. Data were from a single child
inpatient unit, potentially limiting generalizability to other
ages or settings. One child psychiatrist (L.M.S.) made final
treatment decisions, which is both a limitation and a
strength. Although there were many outbursts, they repre-
sent comparatively few children. Unlike a previous
study,®* there was no dedicated person measuring outburst
duration. When the inpatient unit was particularly busy and
many children were agitated, precise nurse coding of TTC1
could not be guaranteed. The BARS data, however, were
very consistent with nursing notes that recorded the child’s

are,

status after medication was given and whether and when the
nurses thought that the medication was effective.

This study specifically examined the effect of stimulant
medication on outburst duration, not occurrence or fre-
quency. PRN medication delineated particularly severe
outbursts, but there were likely equally severe outbursts that
went untreated, especially if they resolved relatively quickly.
However, these were not recorded. Therefore, by studying
only medicated outbursts, we have probably overestimated
the average outburst duration of all outbursts, albeit prob-
ably not the aggressive ones.

Better measures of severity of outbursts and medication
effectiveness are needed to account for levels of anger,
agitation or distress. Both the BARS’” and the Positive and
Negative  Syndrome  Scale—Excitement ~Component
(PANSS—EC),47 the measures used in adult studies, were
developed to be used with intramuscular medication, for
which a drug effect can perhaps be seen more quickly.
Greater precision, however, might be obtained from a
wearable device that is able to record when the agitation
episode starts, when it stops, and how severe it becomes.

The current consensus for treatment of ADHD and co-
occurring irritability/aggression/dysregulation is to optimize
the child’s stimulant medication. Unfortunately, there is no
available guidance for using one stimulant medication over
another, nor for dosing or choice of formulation. Recourse
for the next steps when stimulants are insufficient is also
inadequate. Finally, we cannot answer the question of
whether we should cease using immediate-release stimulants
in children with outbursts. Although data from this study
suggest that extended-release stimulants shorten the dura-
tion of outbursts, the data were analyzed by outburst, not
by child. To answer the question of comparative stimulant

JAACAP Open
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effectiveness on outburst duration by child would have
required restricting analyses to the 10 children who had
outbursts while not on a stimulant and then when taking a
stimulant, and/or restricting the analysis to those who had
both 1 or more outbursts while on an immediate-release
stimulant and also 1 or more outbursts while on an
extended-release stimulant, ideally with enough outbursts
for each to be able to reliably estimate the differences in
time to calm. Ideally, each child would be randomly
assigned, in a 3-way cross-over design, to a period of time
on no stimulant, a period of time on an immediate-release
stimulant, and a period of time on an extended-release
stimulant. The present analyses are based on observational
data that should be viewed as suggesting what we might
expect to find in such a randomized trial. In practice, there
are numerous considerations that go into deciding what
kind of stimulant medication and preparation a child should
be prescribed. The present findings simply support 1 of the
ways in which stimulant medication may help emotion
dysregulation in some children with ADHD and outbursts.

In conclusion, it is incumbent on us to discover not
only how and when stimulants work, but also what makes
young people with ADHD and outbursts treatment resis-
tant. Do they differ in severity, in medication response, or is
there something else that distinguishes children with
ADHD who are extremely volatile with deficits in their
frustration tolerance and regulatory skills? We are hampered
by our lack of consensus on terminology, rating scales that
measure actual aggression, and a way to classify outbursts
and the children who have them. We have reported else-
where, based on a similar sample, that disruptive mood
dysregulation disorder did not resolve the diagnostic issue of
outbursts.*® Before we can develop good treatments, we
need to determine whether there is a subtype of ADHD
with dysregulation,* another diagnosis that captures reac-
tive aggression,50 or if we should use International Classifi-
cation of Diseases Eleventh Revision (ICD-11) R code
modifiers until the diagnostic question is solved.” It may be
that each of these is necessary.

This article is part of a special series devoted to addressing aggressive
behavior as a focus of psychiatric attention and how its manifestations and
treatment needs may vary across psychiatric disorders. The series is edited by
Guest Editor Joseph Blader, PhD, Deputy Editor Robert Findling, MD, MBA,
and Editor Manpreet K. Singh, MD, MS.
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