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OBJECTIVE A protocol was developed for neonatal intensive care unit (NICU) delirium: Step 1, gabapentin for
pain or melatonin for sleep; Step 2, add on other Step 1 agent; Step 3, antipsychotics. The purpose of this
study was to describe the utility and dosing of gabapentin for NICU delirium.

METHODS Retrospective evaluation of NICU patients from January 1, 2021-December 31, 2022 who
received >1 dose of gabapentin based on the delirium protocol. Data collection included demographics,
gabapentin regimen, and concomitant sedatives and analgesics. The primary objective was to identify the
number of patients receiving gabapentin for Step 1 or Step 2. Secondary objectives included identifying
the number of patients requiring antipsychotics (Step 3), the gabapentin regimen, comparison of Echelle
de Douleur et d'Inconfort du Nouveau-né (EDIN), Cornell Assessment of Pediatric Delirium (CAPD), and
Withdrawal Assessment Tool-1 (WAT-1) scores 72 hours pre- and post-gabapentin initiation, and comparison
of opioids, clonidine, and melatonin 24 hours pre- and 72 hours post-gabapentin initiation. Wilcoxon signed
rank tests were employed with significance defined at p < 0.05.

RESULTS Twenty-nine patients were studied. The majority (n = 22; 75.9%) received gabapentin for Step 1; no
patients required Step 3. The median initial dose was 14.4 mg/kg/day divided every 8 hours. Twelve (41.4%)
required increase to a median of 16.9 mg/kg/day. A significant decrease in EDIN and WAT-1 scores was
noted, but there was no change in CAPD scores or opioid, clonidine, or melatonin doses pre- versus post-

gabapentin.

CONCLUSION The majority received gabapentin at a median dose of 14 mg/kg/day as Step 1 for delirium.
Gabapentin was associated with a significant decrease in pain and withdrawal scores.

ABBREVIATIONS BRAIN MAPS, Bring oxygen, Remove/Reduce deliriogenic drugs, patient Atmosphere,
Immobilization, New organ dysfunction, Metabolic disturbances, Awake, Pain, Sedation; CAPD, Cornell
Assessment of Pediatric Delirium; EDIN, Echelle de Douleur et d'Inconfort du Nouveau-né; EMR, electronic
medical record; IWS, iatrogenic withdrawal syndrome; MME, morphine milligram equivalents; NICU, neona-
tal intensive care unit; WAT-1, Withdrawal Assessment Tool-1
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Introduction

Agitation is a common characteristic observed in the
neonatal intensive care unit (NICU), which can occur
secondary to pain, discomfort, or hunger. For patients
who continue to have agitation despite adequate anal-
gesia, other causes of agitation including delirium must
be explored.! Delirium is defined as an acute cerebral
dysfunction caused by systemic illness.?® A recent
study by Siegel et al?> noted that delirium occurred in
22.4% of NICU patients at term-equivalent age in their
prospective pilot-study. Risk factors for delirium in the
NICU setting have not been fully elucidated, but Siegel
et al? found that mechanical ventilation and neurologic
disability were independently associated with a posi-

tive delirium screen. Other risk factors established in
older infants and children in the pediatric or cardiac
intensive care unit include age <2 years, congenital
heart disease, and medications (e.g., benzodiazepines
and anticholinergics).?

There are no guidelines for the management of agita-
tion or delirium in the NICU setting. Anecdotally, medica-
tions that are used for the treatment of pediatric delirium
include melatonin and antipsychotics (e.g., olanzapine,
quetiapine).>® However, due to limited evidence with
melatonin and risk of adverse events with antipsychot-
ics in infants, another option that can be considered for
NICU delirium is gabapentin. Gabapentin is a gamma-
aminobutyric acid analog used to treat neuropathic pain,
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seizures, and postoperative pain. Gabapentin targets
calcium channels, specifically the alpha-2-delta-1subunit,
modulating the release of excitatory neurotransmitters
that contribute to nociception.® Currently, 8 reports have
described the use of gabapentin in 77 neonates and
infants for the treatment of refractory or post-operative
pain and agitation.®"® Gabapentin was shown to result
in decreased pain scores and decreased sedative and
analgesic doses after initiation.

While there are few studies that evaluate the use of
gabapentin for agitation, there are no studies evaluating
its use to treat delirium, and there remains a paucity of
data to guide selection of an initial dose. At the study

Figure. NICU delirium protocol.
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initiation of antipsychotics. The purpose of this study
was to describe the utility of gabapentin and dosing
for treatment of delirium.

Methods

This study was a retrospective, single center cohort
study of neonates and infants admitted to a 96-bed
NICU at a tertiary care academic medical center from
January 1, 2021 through December 31, 2022. Patients
were identified using the electronic medical record
(EMR), Meditech (Medical Information Technology, Inc,
Westwood, MA) and were included if they received
>1 dose of gabapentin. Patients were excluded if they
received gabapentin for seizures or for neuropathic
pain managed by the pediatric pain management
team. For patients who may have had >1 gabapentin
course, only the first course of gabapentin was in-
cluded for analysis. If gabapentin was discontinued
for >48 hours, this marked the end of the first course
of gabapentin.

Demographics collected included age (postnatal
age, gestational age, and postmenstrual age), bio-
logical sex, and weight, and length. The underlying
neurologic conditions at the time of gabapentin were
collected including acute brain injury (hypoxic ischemic
encephalopathy, meningitis, grade 3 or 4 intraven-
tricular hemorrhage), congenital brain malformation
(i.e., lissencephaly and hydrocephalus), and genetic
syndromes associated with severe developmental
delay). Data collected for the gabapentin course in-
cluded dose (mg/kg), interval, and duration of treatment.
During the study period, gabapentin initial dose, dose
titration, and tapering were at the discretion of the
provider; dosing recommendations were not part of
the protocol. To assess the potential impact on enteral
feeding, the total mL/kg/day of enteral nutrition were
collected on the day of gabapentin initiation and 1week
after gabapentin initiation. Pain, iatrogenic withdrawal
syndrome (IWS) and delirium were assessed through
collection of pain [Echelle de Douleur et d'Inconfort du
Nouveau-né (EDIN)], iatrogenic withdrawal syndrome
[Withdrawal Assessment Tool-1 (WAT-1)], and delirium
[Cornell Assessment of Pediatric Delirium (CAPD)]
scores."'® Concomitant medications for agitation,
pain, or delirium including clonidine, opioids, sedatives,
melatonin, and/or antipsychotics given within 24 hours
before and 72 hours after gabapentin initiation were
also collected. Opioids were converted to morphine mil-
ligram equivalents (MME) to allow more direct compari-
son (i.e., 01 mg fentanyl and 1.5 mg hydromorphone =
10 mg of morphine).” Charts were screened for mention
of adverse events during gabapentin administration
(e.g., over sedation, nystagmus) and after discontinua-
tion (i.e., withdrawal).

The primary objective of this study was to identify
the number of patients receiving gabapentin for Step 1
or Step 2 in a delirium protocol. Secondary objectives

included identifying the number of patients requiring
antipsychotics in Step 3, median gabapentin dose
(mg/kg) and frequency of administration, identifica-
tion of documented adverse events associated with
gabapentin in provider EMR notes, comparison of
enteral nutrition (mL/kg/day) the day of gabapentin
initiation versus 1 week after gabapentin initiation,
and comparison of EDIN, CAPD, and WAT-1 scores
within the time period of 72 hours pre- and post-
gabapentin initiation. An additional objective was
to compare the dose per kg/day of MME, clonidine,
and melatonin 24 hours pre- and the 72 hours post-
gabapentin initiation.

Descriptive statistics were used to summarize patient
and clinical characteristics. Wilcoxon signed rank tests
were used to make comparisons for changes in mela-
tonin, clonidine, and MME cumulative dosing and EDIN,
WAT-1, and CAPD scores before and after gabapentin
administration. Analysis was conducted via SAS version
9.4 (Statistical Analysis System, Cary, NC), with the a
priori alpha set at <0.05.

Results

Twenty-nine patients met inclusion criteria. Baseline
demographics are included in Table 1. The median
gestational age was 26.3 weeks, and the median
postmenstrual age at which gabapentin was initiated
was 43.5 weeks. The majority (n = 17; 58.6%) were
females and had an underlying neurologic condition
(n=17;58.6%). Seven (24.1%) patients had >1type of an
underlying neurologic condition. All patients received
mechanical ventilation at some point prior to gabapen-
tin for a median (IQR) of 92 (49-109) days. However,
only 16 (55.2%) were mechanically ventilated at the time
of gabapentin initiation.

The majority (n = 22; 75.9%) received gabapentin
for their Step 1agent. The remaining 7 (21.4%) patients
received gabapentin for Step 2 after receiving mela-
tonin for Step 1 for a median (IQR) of 42 days (18-48).
For the 22 patients who received gabapentin as their
Step 1 agent, 16 of these patients received melatonin
for Step 2 for a median (IQR) of 30 days (16.5-67.3) after
gabapentin was initiated. The other 6 patients did not
require initiation of melatonin for Step 2. No patients
received Step 3 therapy.

Table 1 also provides the gabapentin regimen that
these patients received. The median initial dose in mg/
kg/day was 14.4 mg/kg/day with most patients (n = 22;
75.9%) receiving divided doses every 8 hours. Twelve
(41.4%) infants had their gabapentin dose increased
to a median maximum dose of 16.9 mg/kg/day. One
patient received 35 mg/kg/day divided every 8 hours.
The median total duration was 48 days. Fifteen (51.7%)
had their gabapentin dose tapered over a median of
16 days. No patients were noted to have adverse events
while receiving gabapentin or withdrawal symptoms
after gabapentin discontinuation documented in the
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Table 1. Patient Demographics and Gabapentin Regimen (n = 29)

Variable

Demographics

Age
Gestational age, wk
Postnatal age, days
Postmenstrual age, wk
Females
Weight, kg
Length, cm

Respiratory support at time of gabapentin initiation
Room air
Nasal cannula
Non-invasive ventilation
Mechanical ventilation

Underlying neurologic conditions*
None
Acquired brain injury®
Congenital brain malformation*

Genetic syndromes associated with severe developmental delay

Gabapentin regimen
Initial dose
mg/kg/dose
mg/kg/day
Initial dose frequency
Every 24 hr
Every 12 hr
Every 8 hr
Patients requiring dose increases
Maximum dose (mg/kg/day)8
Maximum dose frequency*
Every 24 hr
Every 12 hr
Every 8 hr
Duration, days
Taper plan
Gabapentin taper
Taper duration, days

Median (IQR) or Number (%)

26.3 (25.3-307)
117 (70.6-14037)
43.5 (37.6-491)
17 (58.6)
37 (2.5-47)
47.5 (41.0-52.0)

1(3.4)
2(6.9)
10 (34.5)
16 (55.2)

12 (41.4)
8 (27.6)
7 (244)
1(37.9)

4.9 (47-5.0)
14.4 (10.0-15.0)

3(10.3)
4(13.8)
22 (75.9)
12 (41.4)
6.9 (15.3-28.6)

2(167)
10 (83.3)
48.0 (11.0-84.9)

15 (517)
16.0 (9.5-25.5)

* Numbers add up to >100% as 7 (24.1%) patients had >1 type of underlying neurologic condition.
*Includes hypoxic ischemic encephalopathy, meningitis, intraventricular hemorrhage (grade 3 or higher), and stroke.

tIncludes lissencephaly and hydrocephalus.
S Represents patients who required a dosage increase only.

EMR. There was also no difference in median (IQR)
mL/kg/day of enteral feeds the day of gabapentin
initiation versus 1 week after gabapentin therapy, 132
(109-145) versus 129 (105-140), p = 0.617.

Table 2 provides the change in EDIN, WAT-1, and
CAPD scores over the 72-hour time frame prior to and
72-hour after gabapentin administration. All infants had
EDIN scores documented before and after gabapentin.
There was a significant decrease in the median EDIN
pain scores before and after gabapentin, 3 versus 2,
p =0.029. Seventeen (60.7%) infants had WAT-1scores
documented before and after gabapentin. There was a
significant decrease in the median WAT-1score before
and after gabapentin, 3 versus 2, p = 0.048. Only 8
(321%) infants had CAPD scores documented in the
EMR. No significant change in the CAPD scores before
and after gabapentin were noted.

Other concomitant opioid and sedation medica-
tions were collected during the 24 hours before and
72 hours after gabapentin initiation. Most patients
(n=21;75.0%) were on opioids and/or clonidine (n=17;
60.7%) before gabapentin initiation and were at risk of
IWS. Table 2 provides a comparison of opioid and seda-
tion medications. There was no significant difference in
the median MME (mg/kg/day) in the 24 hours before and
in the 72 hours after gabapentin initiation, 1.09 versus
1.45 mg/kg/day, p = 0.571. Fourteen (50.0%) were receiv-
ing concomitant clonidine before gabapentin initiation.
One patient was initiated on clonidine in the 72 hours
post-gabapentin initiation. Due to the limited sample
size, statistical analysis was not performed. However,
9 (32.1%) of the infants on clonidine before gabapentin
initiation did not have an increase in their clonidine
dose during this 72-hour post-gabapentin time frame.
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Table 2. Comparison of Concomitant Sedative and Analgesic Medications and Clinical Scores Before and

After Gabapentin Initiation

Change in Concomitant Sedative and Analgesic Medication Exposure

Medications 24-Hours Prior to 72-Hours After p value*
Gabapentin Initiation Gabapentin Initiation
Median (IQR) N Median (IQR) N
Opioids, MME/kg/day 1.09 (0.39-3.49) 21 1.45 (0.56-2.24) 21 0.571
Clonidine, mcg/kg/day 41(2.08-8.40) 14 5.81(2.59-9.06) 15 —
Melatonin, mg/kg/day 0.31(0.25-0.39) 8 0.35 (0.28-0.40) 5 —
Change in Pain, Sedation, and latrogenic Withdrawal Scores
Scores 72-Hours Prior to 72-Hours After p value
Gabapentin Initiation Gabapentin Initiation
Median (IQR) N Median (IQR) N
EDIN 3(2-5) 28 2 (2-3) 28 0.029
WAT-1 3(2-4) 17 2(2-3) 17 0.048
CAPD 13 (12-14) 9 11(8-15) 9 0.356

CAPD, Cornell Assessment of Pediatric Delirium; EDIN, Echelle de Douleur et d'Inconfort du Nouveau-né; MME, morphine milligram equivalents;

WAT-1, Withdrawal Assessment Tool-1

* Wilcoxon signed rank test utilized for analysis.

Eight patients received melatonin in the 24 hours prior
to gabapentin initiation and the median dose was
0.3 mg/kg/day. The weight-based dosing varied because
doses were rounded to flat doses of 1to 1.5 mg/dose.
Due to the small sample size, no comparison in the
cumulative melatonin dose was evaluated. However,
3 infants had their melatonin discontinued after gaba-
pentin initiation, and the other 5 had no change in their
melatonin dose.

Discussion

This study is one of the largest studies to evaluate the
impact of gabapentin for delirium in the NICU. Patients
included in this cohort had significant risk for delirium
because the majority had underlying neurologic con-
ditions, and all were mechanically ventilated prior to
gabapentin initiation. All patients were managed ac-
cording to a locally established delirium protocol. Most
(75.9%) were initiated on gabapentin for Step 1therapy
according to the delirium protocol. No patients required
Step 3 with initiation of an antipsychotic.

Based on the results, gabapentin does appear to
aid in minimizing agitation and pain scores, but no dif-
ference in CAPD results were noted. This is also sup-
ported by Sacha et al® who conducted a retrospective
observational study in 22 infants in the NICU (median
postnatal age 87 days) receiving gabapentin. They
reported a median gabapentin dose of 10.2 mg/kg/day
in 3 divided doses and noted a decrease in the median
Neonatal Pain and Sedation Scale (N-PASS) scores

from 3.1to O. Our study noted a significant decrease in
EDIN and WAT-1 scores pre- and post-gabapentin. At
the time of the study, our institution did not routinely
assess N-PASS scores, so it is difficult to make direct
comparisons between the studies. In the previous 8 re-
ports evaluating gabapentin in the NICU, only 2 reports
evaluated its impact on WAT-1 or Finnegan scores and
CAPD scores. One report by Allen et al? included a
case series of 5 infants with single ventricle physiology,
and they noted no changes in WAT-1and CAPD scores
after gabapentin initiation. It is difficult to compare this
to our findings given the small sample size.

The patients in our study received a median initial
dose of 14.4 mg/kg/day divided every 8 hours. This
regimen appears to be within the range of the reported
regimens in previous studies, ranging from 3.3 to 14 mg/
kg/dose administered once daily or every 8 hours.5™
A dose increase was required for 40% of patients up
to a median of 16.9 mg/kg/day, with 1 patient receiv-
ing 35 mg/kg/day. In the previous reports evaluating
gabapentin, there was wide variability in the maximum
dose, but 1 study by Patz et al® colleagues titrated
gabapentin up to 43 mg/kg/day divided every 8 hours.
In these previous studies, the duration of gabapentin
varied as well with some patients receiving up to 116
days.®" Our patients had a median duration of 48 days.
Four (5.6%) out of the 71 neonates and infants who
have received gabapentin in other published reports
have developed adverse events including nystagmus
(n =2) and bradycardia (n = 2). No patients in our study
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developed adverse events based on documentation
in the EMR progress notes. In addition, there was no
difference in enteral feeding before or after gabapen-
tin initiation. This finding is different from what was
reported by Bruce et al® who found that initiation of
gabapentin in 15 infants with congenital heart disease
resulted in a significant increase in enteral feeds. It is
difficult to compare with our study because our patients
were receiving a median of 132 mL/kg/day of enteral
nutrition when gabapentin was initiated.

In our study, 51.7% of patients had their gabapentin
tapered over a period of days to weeks. Similar to most
of the published studies with gabapentin in neonates
and infants, no patients in our study were noted to have
withdrawal symptoms after gabapentin discontinua-
tion. Edwards et al’ noted 3 children with withdrawal
attributed to gabapentin including tachycardia, emesis,
and irritability upon abrupt discontinuation. Other
symptoms of gabapentin withdrawal reported in the
literature include confusion and delirium.” Additionally,
they noted that the symptoms of withdrawal resolved
upon re-initiation of gabapentin.

Our study did not find a significant change in the
mg/kg/day dosing of MME, clonidine, or melatonin
in the 24 hours pre- and 72 hours post-gabapentin.
Other studies evaluating gabapentin in neonates
and infants reported on changes to concomitant
analgesics and sedatives following gabapentin initia-
tion.5"2 However, these studies mainly reported on
the changes in the total number of doses for these
concomitant agents per day. As a result, it is difficult
to make direct comparisons between other published
studies and our own.

Several limitations of our study were noted. First, the
retrospective nature of the study made it difficult to de-
termine the true incidence of adverse events because
we relied on documentation in the provider EMR notes
and events may not have been specifically attributed
to gabapentin. Second, this study was conducted at
a single center and may not be reproducible at other
institutions. The CAPD and WAT-1scoring tools may not
be routinely used in all NICUs. The CAPD tool has been
validated in children O to 18 years of age and the WAT-1
in patients >14 days to 18 years. It should be noted that
the cohort included in this study had a median post-
natal age of 111 days and postmenstrual age of nearly
44 weeks, so application of these scoring tools was
appropriate. Third, only 9 (31.0%) had documentation
of CAPD scores. At our institution, CAPD scoring was
implemented in the NICU beginning in 2020. However,
there was difficulty with documenting scores within our
EMR system initially, and therefore scores for many of
the patients in 2021 were not retrievable from the chart
review. We believe that CAPD scoring was conducted
in all patients according to the protocol, but we are
limited in our analysis of these scores given the limited
documentation.

Conclusion

Gabapentin was initiated in the majority of patients as
Step 1in the NICU delirium protocol at a median initial
dose of 14 mg/kg/day divided every 8 hours. Upward
titration of doses was required for approximately 40%
of patients to a median maximum dose of 16.9 mg/
kg/day. Initiation of gabapentin was associated with
a significant decrease in pain and withdrawal scores,
but no significant changes in the mg/kg/day of MME,
clonidine, or melatonin.
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