RESEARCH

JPPT | Retrospective Clinical Investigation

Evaluation of Melatonin Practices for Delirium in
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OBJECTIVE To determine the use of melatonin and its role in therapy for pediatric delirium (as either
prophylaxis or treatment for delirium) in an academic medical center’s PICU.

METHODS This retrospective, single-center study reviewed patients between 1and 18 years of age admitted
to the PICU between April 1, 2014, and February 29, 2019. Patients were included if they were admitted

for greater than 48 hours and received melatonin for the indication of “delirium.” Patients were excluded

if melatonin was a home medication. Data collected included baseline characteristics, sedation and
antipsychotic usage, assessment scores, and admission overview data. Descriptive statistics were used to

report categorical data as percentages.

RESULTS A total of 63 patients were included. Thirty-nine patients (62%) required antipsychotics post—
melatonin exposure, with risperidone being the most frequently used agent. The average cumulative
antipsychotic exposure pre— and post—melatonin initiation was 2 versus 13 days. The average cumulative
exposure to sedating agents, including opioids, benzodiazepines, ketamine, dexmedetomidine, and
propofol, pre— and post—melatonin initiation was 13 versus 10 days. The average hospital and PICU lengths
of stay were 54 and 39 days, respectively. The initiation of melatonin was also associated with lighter levels

of sedation and decreased pain scores.

CONCLUSION Although the initiation of melatonin does not appear to decrease antipsychotic use, the
results of this study may suggest a potential prophylactic effect in reducing the days of sedation the patient

receives while inpatient.

ABBREVIATIONS EMR, electronic medical record; FLACC, Face, Legs, Activity, Cry, Consolability Scale; ICU,
intensive care unit; PICU, pediatric intensive care unit; RASS, Richmond Agitation-Sedation Scale

KEYWORDS antipsychotic; delirium; melatonin; pediatric intensive care unit; prophylaxis; sedation

J Pediatr Pharmacol Ther 2021;26(4):361-365
DOI: 10.5863/1551-6776-26.4.361

Introduction

Delirium is a well-known problem in the adult critically
ill population. More than 30% of all critically ill adults
develop delirium during their intensive care stay."?
Emerging literature™ suggests that as is the case
with adults, pediatric delirium occurs frequently, with
prevalence rates of between 12% and 65% in PICUs.
The same categories of delirium observed in adults are
also seen in pediatric patients and are characterized as
hypoactive or decreased responsiveness, hyperactive
or agitation, or mixed (combination of both).* To date, the
largest multicenter pediatric delirium study® assessed
994 patients from 25 different PICUs and found a 25%
overall delirium rate.

As defined in the Society of Critical Care Medicine
Pain, Agitation, and Delirium Guidelines,® delirium is a
syndrome characterized by the acute onset of cerebral
dysfunction, with a change or fluctuation in baseline
mental status, inattention, and either disorganized
thinking or an altered level of consciousness. Sleep

and delirium disturbances are notoriously difficult to
both assess and recognize in the pediatric popula-
tion, which has ultimately led to the development of
pediatric-specific delirium tools. There are 3 validated
tools that are frequently used: the Confusion Assess-
ment Method for the ICU for children older than 5 years,
the Preschool Confusion Assessment Method for the
ICU for children aged 6 months to 5 years, and the
Cornell Assessment of Pediatric Delirium for children
aged 0 to 21 years.” Sleep deprivation is a known risk
factor for ICU-associated delirium, and improvement
in sleep quality is an important preventative interven-
tion.®” Melatonin is a vital component of the sleep-wake
cycle because it is a neuro-hormone produced by the
pineal gland during hours of darkness and provides
multiple biological effects, including the regulation and
synchronization of circadian rhythms.” To date, no trials
have evaluated melatonin use in delirium in critically ill
pediatric patients. The aim of this study is to determine
melatonin’s role in therapy for pediatric delirium as either
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Figure. Most used sedative agents in the study
population.
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a prophylactic or a first-line or second-line treatment
for delirium in the PICU at a large academic medical
center. It is hypothesized that patients will be started
on melatonin as a predominantly second-line treatment
option and that the results will demonstrate a reduction
in antipsychotic use.

Materials and Methods

This study was a retrospective, single-center chart
review of patients who were between 1and 18 years of
age and admitted to the PICU from April 1, 2014, through
February 29, 2019. This timeframe was selected to
provide a sample of patients in a 5-year time block
that correlated with the implementation of a new EMR
database. Patients were included if they were admitted
for greater than 48 hours and received melatonin for the
indication of delirium. Patients were excluded if melato-
nin was a home medication, if they were younger than
1year of age, or had one-time or as-needed melatonin
orders. Patients who had no clear documentation or
mention of delirium or altered mental status 1week prior
to initiating melatonin were also excluded because this
suggests that melatonin was added for an indication
other than delirium. The International Classification
of Diseases, Tenth Revision® codes used to identify
delirium were the following: F19.921, F11.20, R41.82,
R41.0, F41.9,R451, F11.221, FO5, F13.239, J96.01, F43.20,
F13.231, F13.20, F43.21, F43.22, and F39.

Data collected included demographic information;
hospital admission date; PICU admission date; use of
and cumulative exposure to either typical or atypical
antipsychotics; melatonin dose, frequency, and timing
of administration; PICU and hospital length of stay;
in-hospital mortality; and cumulative exposure to se-
dating agents. Additionally, average days on sedation,
Richmond Agitation-Sedation Scale (RASS) and Face,
Legs, Activity, Cry, Consolability Scale (FLACC) scores
were recorded both a minimum of 5 days pre— and

post—melatonin initiation. Assessment of these scores
was conducted multiple times each day by the nursing
staff. All scores for each day were averaged together,
and this was done for the 5 days preceding and follow-
ing initiation of melatonin. The primary outcome was
defining melatonin therapy use and its current role in
PICU-related delirium as either a prophylactic (prior
to delirium development) or a first-line or second-line
treatment after antipsychotic use. Secondary outcomes
included both hospital and PICU length of stay, in-hospi-
tal mortality, and average RASS and FLACC scores pre-
and post-initiation of melatonin. Additional secondary
outcomes included identifying the most frequently used
antipsychotic and sedation agents and determination
of whether the addition of melatonin led to an overall
reduction in their use. Descriptive statistical analysis
was used to report categorical data as percentages.
p values were used to detect statistical significance of
secondary outcomes. A p value of <0.05 was consid-
ered significant, and 95% confidence intervals were
computed with Prism 6 software (GraphPad Software,
San Diego, CA) and unpaired t-test.

Results

One hundred and thirteen patients were screened
between April 2014 and February 2019, and 63 patients
met inclusion criteria. Fifteen patients were excluded
because they were in the PICU for <48 hours; 13 pa-
tients were excluded owing to no mention of altered
mental status or delirium in their EMR; 14 patients
were excluded because melatonin was a continuation
of their home dose or it was started in the hospital
but outside the PICU; and 7 patients were excluded
because they received as-needed or one-time doses
of melatonin.

When evaluating the entire study population, 52%
were female, and the mean age was 8 years, with the
most often identified ethnicity being white or Cauca-
sian (Table 1). Seventy-six percent of patients had a
clear diagnosis related to delirium, and the 15 patients
who did not have a relevant diagnosis code had clear
documentation of delirium in the provider progress
notes within the EMR. Weight, height, and body mass
index were also reported for the study population
(Table 1). Of the 63 patients included in the study, 39 of
them had antipsychotic use post—melatonin exposure.
Twenty-six patients received 1 antipsychotic, and 7 pa-
tients received 2 or more antipsychotics. Risperidone
(n = 19) was the most frequently given antipsychotic,
followed by haloperidol (n = 8), quetiapine (n = 3), and
olanzapine (n = 3). When compared with pre—melatonin
initiation, cumulative antipsychotic exposure was sig-
nificantly longer post—melatonin use (Table 2.) Fifty-six
(89%) patients received sedation during their stay in
the PICU, and average cumulative sedation exposure
pre— and post—melatonin initiation was not statistically
different (Figure; Table 2). The average hospital and
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Table 1. Baseline Characteristics of Patients Included in the Study

Baseline Characteristics
Age, mean + SD, yr
Sex, n (%), female

Race, n (%)
White/Caucasian
Black/African American
Hispanic/Latino
Other/unknown

Delirium-associated diagnosis, n (%)

Length of stay, mean + SD, days
ICU
Hospital

Weight, mean + SD, kg
Height, mean + SD, cm

Body Mass Index + SD, kg/m?

Patients (N = 63)
8+5.6
33(52)

39 (61.9)
9 (14.3)
6 (9.5)
9 (14.3)

48 (76.2)

39.2 + 361
5BIBEA55

30.3+19.9
119.2+£324
19.3+£53

PICU lengths of stay were 53.5 + 55 and 39.2 + 361
days, respectively.

The average RASS scores pre— and post—melatonin
initiation were significantly different (Table 2). However,
the average FLACC scores pre- and post-melatonin
were not significantly different (Table 2).

Discussion

Pediatric delirium continues to be a condition that
is difficult to both diagnose and effectively manage in
the ICU environment. Delirium is not a single entity but
rather a global encephalopathic process that may result
from a variety of causes, ranging from medications to
the environment. It presents acutely with impairment
of attention and consciousness, abnormalities of the
sleep-wake cycle, and disturbances in thought and
behavior."® Delirium in hospitalized patients has been
linked to a number of adverse outcomes, including
increases in length of stay, duration of mechanical
ventilation, medical cost, in-hospital mortality, and
long-term cognitive impairment.®° Melatonin is believed
to help improve delirium through its hypnotic effects
by accelerating sleep initiation and improving sleep
maintenance and efficacy.” Additionally, melatonin
and melatonin agonists have the potential to decrease
the incidence and severity of delirium through their
sedative-sparing effects, which in turn may improve
health outcomes.® We hypothesized that this study
would validate the place of melatonin in the manage-
ment of delirium, whether it be useful as a prophylactic
or as a first-line or second-line treatment option. As a
result, this would minimize the use of antipsychotics,
which are known to have detrimental side effects, as
well as decrease the ICU and hospital lengths of stay.

When reviewing the results of the primary outcome,

the initiation of melatonin did not decrease the cumula-
tive days of antipsychotic exposure, and more than half
of the patients required antipsychotics in conjunction
with melatonin. After initiation of melatonin there was
a decrease in cumulative days of sedation exposure.
Additionally, initiation of melatonin was also associated
with a lighter level of sedation, according to the RASS
scores, and with a decrease in pain, based on the
improvement in FLACC scores. We hypothesize that
this may lead to less delirium because both prolonged
deeper levels of sedation and pain are risk factors for
the development of delirium. However, itis possible that
the changes in RASS and FLACC scores are directly at-
tributable to the changes in the analgesic and sedative
agents and not necessarily a result of the melatonin
initiation. Without a tool to directly assess delirium,
recognition becomes more challenging in the PICU
when the patient has an underlying disease process
or if the patient is receiving a sedative or analgesic
medication that can contribute to alterations in level
of consciousness.

These pediatric patients are already at increased
risk for significant disturbances in sleep quality and
quantity and are at risk for alteration of the sleep-wake
pattern.® Two studies”' in the pediatric ICU setting
found fragmented sleep and absence of diurnal varia-
tion (daily cycle). Marseglia et al" also found altered
circadian rhythm in mechanically ventilated children
based on repeated measures of serum melatonin.
Itis difficult to correlate a specific demographic patient
population that may be at a greater risk for delirium
because the sex was about evenly split, and except for
Caucasian being the predominant ethnicity identified,
the remaining breakdown of ethnicities were relatively
well distributed. Additionally, there was no subgroup
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Table 2. Primary and Secondary Outcomes of Cumulative Antipsychotic and Sedation Exposure and Risk

Factors Associated With the Development of Delirium Post—Melatonin Initiation

Outcome
Primary outcomes

Post-melatonin antipsychotic use, n (%)

Cumulative antipsychotic exposure, mean + SD, days
Pre—melatonin exposure
Post—melatonin exposure

Cumulative sedation exposure, mean + SD, days
Pre—melatonin exposure
Post—melatonin exposure

Secondary outcomes

Average RASS score, mean + SD
Five days pre—melatonin initiation
Five days post—melatonin initiation

Average FLACC score, mean + SD
Five days pre—melatonin initiation
Five days post—melatonin initiation

In-hospital mortality, n (%)

Patients Cl (p value)
39 (62)
2+39 -17.605 to —4.395
13+£155 (p = 0.0015)
13.2+£12 -2.820t0 7.620
10.8 £13.5 (p =0.3636)
-0.8-+0.9 0.106 to 0.694
-0.4+07 (0.0081)
06 +1 -0.125 to 0.525
04+0.8 (0.2249)
6 (9.5)

FLACC, Face, Legs, Activity, Cry, Consolability Scale; RASS, Richmond Agitation-Sedation Scale

analysis conducted to stratify the effect of melatonin
among different age groups. Although delirium can
be associated with higher mortality, we attributed the
deaths of 6 patients in this study to the underlying
conditions that led to their PICU admissions. Underly-
ing illness was not a data point that was collected and
therefore is not reported.

Further studies would be beneficial to assess if
melatonin assists in decreasing the use of a specific
sedative agent or antipsychotic. Risperidone was the
most frequently used antipsychotic, and opioids and
benzodiazepines were the most common sedative
agents used in this study. Because benzodiazepines
are also associated with causing delirium it would be
helpful to evaluate if melatonin could decrease the use
of these agents for sedation. This study only evaluated
cumulative days of sedation pre- and post-initiation of
melatonin and did not stratify based on specific agents.
The most common dose and frequency of melatonin
was 3 mg by mouth nightly. This study was not designed
to detect a clinical difference between the doses of
melatonin, and therefore there may be a greaterimpact
on decreasing delirium with higher doses of melatonin,
but further studies are needed to confirm this theory.

There were many limitations of this study, one of
which involved the use of a single center. The ret-
rospective design prevents us from evaluating the
efficacy of melatonin in the treatment of delirium com-
pared with a specific antipsychotic agent. The study
population was likely smaller than anticipated because
there were several patients that were excluded from
the study because of poor documentation of delirium
or altered mental status within the EMR. Although the
initiation of melatonin demonstrated a decrease in the

amount of sedation received, this result was not statis-
tically significant, nor can we solely attribute it to the
initiation of melatonin. There were many confounders
that were not accounted for in the study design, includ-
ing average duration of intubation, reporting delirium
scores, dexmedetomidine versus benzodiazepine use,
duration of benzodiazepine use, and reporting average
doses of sedation pre— and post—melatonin exposure.
Additionally, RASS and FLACC scores were used as
surrogate markers to identify the impact melatonin
has on delirium because these are known risk factors
for the development of delirium. A better indicator of
melatonin’s effect on delirium would be to evaluate
the change in the Confusion Assessment Method for
the ICU, Preschool Confusion Assessment Method for
the ICU, or Cornell Assessment of Pediatric Delirium
scores. These scores were not available because the
study institution does not currently use any pediatric
delirium scoring tools.

Conclusion

The initiation of melatonin does not appear to prevent
delirium or decrease antipsychotic use. We were also
unable to support a correlation between melatonin and
decrease in pain or sedation. The role of melatonin in
the treatment of pediatric delirium remains unclear
because it was not compared directly to the use of
antipsychotics. No comparison can be made between
melatonin and its effects on sedation and pain because
there was no analysis of disease severity and underly-
ing sedative or analgesic doses and duration. Based
on the results of this study, we do not recommend any
changes in prescribing practices for the management
of delirium in critically ill pediatric patients at this time.
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Further studies are needed to evaluate the role of
melatonin in the therapy for pediatric delirium by pro-
spectively evaluating its effects compared with those
of antipsychotics using a validated pediatric delirium
scoring tool.
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