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Abbreviations: AE, adverse events; DOL, day of life; IQR, 
interquartile range; LOS, length of hospital stay; NE, neonatal 
encephalopathy; NICU, neonatal intensive care unit; NPO, nil per os; 
TFF, time to full feed; UNM, University of New Mexico; UNMH, 
University of New Mexico Hospital; US, United States

Introduction
Approximately 9% of infants born in the United States (US) are 

admitted to a neonatal intensive care unit (NICU)1 and over 90% 
of infants in a NICU undergo painful procedures2 (e.g., heel lances; 
venipunctures), some experiencing up to 17 painful procedures each 
day.3 Contradicting the long-held belief that infants and neonates do 
not perceive pain,4,5 current studies show that they can detect, process, 
and experience pain.4,6

Crucial to infants’ development, untreated pain and subsequent 
agitation in the NICU is associated with adverse consequences,7 
including increased blood pressure,4 hemodynamic instability, 
pathologic stress response, and inadequate ventilation.8,9 These 
adverse events (AEs) increase the risk of both short- and long-term 
consequences, such as lung injury, changes in hormonal and metabolic 
levels, and altered behavioral changes, including sleep-wake cycle 
alterations and irritability,8 making it imperative to develop safe and 
effective sedation and pain control in the NICU to support the best 
outcomes for this population.

Analgesia and sedation in the NICU

Currently, the most commonly used drugs for sedation and pain 
control in the neonatal population are opioids and benzodiazepines.2 
Although opioids can provide rapid analgesia,10 they are associated 
with adverse consequences such as respiratory depression, 
hypotension, delayed gastric motility, and adverse neurological events 
(e.g., intraventricular hemorrhage).11,12 Additionally, midazolam, the 
most widely used benzodiazepine in neonates, primarily acts as a 
sedative with little analgesic effect.13,14 Overall, such side effects 
from these medications can contribute to increased length of stay 
in the NICU, infant morbidity and mortality, and cost.2 A previous 
retrospective review found that exposure to fentanyl, midazolam, or 
morphine in very low birth weight infants (<1,500 grams at birth) 
was independently predictive of discharge with gastrostomy tube 
feedings.15 These medications remain the most commonly used due to 
a lack of evidential support for alternatives,15 demonstrating the need 
for further investigation into other therapeutic options.

Dexmedetomidine as an alternative treatment 

Dexmedetomidine (trade name PrecedexTM) is a non-
opioid alternative for analgesia and sedation.16 Despite limited 
pharmacokinetic data in infants and no large randomized controlled 
clinical trials, dexmedetomidine is becoming an increasingly 
commonly used alternative for pain and agitation management in 
neonates.2,16,17
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Abstract

Introduction: Dexmedetomidine is a non-opioid sedative and analgesic often used in 
critical care in adults, with potential benefits in decreasing opioid and benzodiazepine 
use. We implemented a dexmedetomidine-use guideline for analgesia and/or sedation 
management in a neonatal intensive care unit (NICU) and studied the impact on exposure 
to opioids, time to full feeds (TFF), and length of hospital stay (LOS).

Methods: Retrospective and prospective chart review studies were completed with 
term infants admitted to the University of New Mexico Hospital (UNMH) NICU who 
required continuous infusions for analgesia and/or sedation for management of neonatal 
encephalopathy (NE) with therapeutic hypothermia treatment. The prospective chart 
review was conducted following a dexmedetomidine-use guideline implementation, which 
proposed first-line use of intravenous dexmedetomidine.

Results: Thirty-one infants were included (retrospective: n=13; prospective: n=18 NE). 
There were no reported adverse events (AEs). In the prospective NE cohort, the LOS 
decreased from 25 to 17 days (p=0.49), with an increase in the TFF from 5.0 to 10.0 days 
(p=0.06), although not significant. The opioid exposure significantly decreased in the 
NE prospective cohort (median exposure in retrospective group 79.00 mcg/kg fentanyl 
equivalent dose vs 4.02 mcg/kg fentanyl equivalent dose, p<0.001). 

Conclusion: The implementation of the dexmedetomidine-use guideline was associated 
with decreased opioid exposure in term infants with NE. Additional studies are needed to 
further characterize dexmedetomidine for analgesia and sedation for term infants with other 
diagnoses.

Keywords: dexmedetomidine, precedex, pediatric pain, infant pain, neonate, sedation, 
opioid, analgesia
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Dexmedetomidine is a highly selective centrally acting alpha 
2-adrenergic agonist, currently approved by the US Food and Drug 
Administration for use in non-intubated adults for procedural or 
surgical sedation less than 24 hours.2,18 Dexmedetomidine acts in 
multiple locations throughout the central nervous system, though 
its sedative and anxiolytic effects are primarily a result of its 
activity in the locus coeruleus of the brainstem. In this area, alpha 
2-adrenergic receptors are stimulated, reducing central sympathetic 
output and resulting in increased firing of inhibitory neurons.19 Thus, 
dexmedetomidine can provide both sedation and analgesia.16

Because of its characteristics, dexmedetomidine has significant 
advantages as a procedural sedative. It has a relatively short half-life 
and lacks the respiratory depressant effects observed in opioids and 
benzodiazepines. For these reasons, it is a useful tool for management 
in pediatric populations.19,20 Many NICUs across the United States 
have implemented guidelines for routine use of dexmedetomidine 
rather than midazolam, fentanyl, and/or morphine.21 Recent studies 
showed that the use of dexmedetomidine resulted in a reduction in dose 
or discontinuation of other sedative agents.19,20,22 Additionally, while 
studies in the neonatal population remain scarce, some studies have 
demonstrated low incident and severity of adverse consequences when 
utilizing low starting doses that are gradually increased to minimize 
adverse reactions.23,24 Specifically, clearance of dexmedetomidine is 
slower in neonates than older children, with a longer half-live observed 
in neonates than in older children.25 This is even more pronounced at 
lower gestational ages.2,26,27 Thus, intravenous doses of 0.3-0.5 mcg/
kg/hour are often effective in surgical adult patients, while neonatal 
patients may only require 0.1-0.2 mcg/kg/hour.16 

Neonatal encephalopathy

Neonatal encephalopathy (NE) involves a significant 
perinatal event that generates hypoxic-ischemic injury with often 
neurodevelopmental and end-organ sequelae.28 NE occurs in up to 3 per 
1,000 live births, and is the leading contributor to neurodevelopmental 
disability worldwide.29 NE is categorized as mild, moderate, or severe 
by clinical examination. Moderate to severe NE is treated with whole-
body therapeutic hypothermia (TH) within 6 hours of birth to mitigate 
neurodevelopmental impairment; however, TH dysregulates normal 
homeostasis resulting in additional stress to the body and brain if not 
managed with analgesia and sedation.30,31

Opioids and benzodiazepines compound these deleterious effects 
on the developing brain through multiple mechanisms. Infants may 
also require intubation and sedation for poor respiratory drive or 
seizures secondary to NE. There is wide variation currently in clinical 
practice due to a lack of standardized practice recommendations or 
guidelines for analgesia and sedation strategies in neonates undergoing 
TH, and insufficient data on the long-term neurologic outcomes 
after exposure to these regimens.31,32 While the long-term effects of 
dexmedetomidine exposure on brain injury and maturation in term 
infants are currently not well characterized,33 new data comparing 
dexmedetomidine to morphine supported dexmedetomidine as a first-
line sedation agent during TH.24,29

Based on the known mechanism of dexmedetomidine and its 
success in treating term infants, we proposed a chart review study 
(retrospective and prospective) to determine if the implementation 
of a dexmedetomidine-use guideline for analgesia and sedation 
management in the University of New Mexico Hospital (UNMH) 
NICU would reduce exposure to opioids while observing the frequency 
of adverse events (AEs, i.e., events of hemodynamic instability), time 
to full feed (TFF), and length of hospital stay (LOS) in a population 

undergoing TH treatment. We hypothesized that implementation of 
the guideline in term infants would correlate with a reduced exposure 
of opioids, decreased AEs, decreased TFF, and decreased LOS. 

Materials and methods
Following approval from the University of New Mexico (UNM) 

Institutional Review Board, a two-part chart review study was 
completed at the Level IV UNMH NICU. Eligible term infants (≥37 
weeks’ gestation) with neonatal encephalopathy (NE) requiring 
therapeutic hypothermia treatment during both time reviews were 
included. Infants born preterm (<37 weeks’ gestation) or those without 
a NE diagnosis requiring therapeutic hypothermia were excluded 
from the reviews. Information was collected for each infant as to any 
sedative or analgesic medication administered, including continuous 
infusions. Data were collected from the date of the NICU admission to 
discharge or transfer from the NICU. Only IRB-approved study team 
members conducted the chart reviews.

Retrospective chart review

The retrospective chart review (November 1, 2019 through 
November 1, 2021) collected baseline data, including gestational age, 
sex, mode of delivery, indication for medication), type of sedation and/
or analgesic medication administered (i.e., opioid; benzodiazepine; 
dexmedetomidine), day of life (DOL) medication was started, 
duration (in days) on medication, duration infant was nil per os 
(NPO) and TFF following medication exposure, any requirement 
to transition from intravenous to enteral administration of sedation/
analgesic medication, AEs (i.e., events of hemodynamic instability 
including bradycardia, hypotension or hypertension defined based on 
gestational age), LOS, and outcome at time of discharge. These data 
provided a baseline for courses of hospital stays and local practice of 
pain management and sedation in the NICU.

Dexmedetomidine-use guideline

A dexmedetomidine-use guideline was developed based on current 
available literature7,20,34 in collaboration between neonatology and 
pediatric clinical pharmacists, and was implemented on August 1, 
2022, in the UNMH NICU (see Table 1). The guideline proposed the 
use of intravenous dexmedetomidine at the time of NICU admission 
as standard of care for hemodynamically stable term infants with a 
diagnosis of NE requiring sedation for whole-body hypothermia 
treatment. A loading dose of 1 mcg/kg could be administered if the 
infant had stable blood pressure and heart rate, followed by continuous 
infusion at 0.1 mcg/kg/hour. The dose was increased by 0.1 mcg/kg/hr 
every 2 hours as clinically indicated to a maximum dose of 0.5 mcg/
kg/hr. Once ready to wean, the dose was decreased by 0.1 mcg/kg/hr 
every 12 to 24 hours and discontinued completely once the infusion 
rate was 0.1 mcg/kg/hr (Table 1). The guideline outlined safe and 
appropriate dosing initiation, maintenance, and a weaning protocol 
based on infant weight and continued infant stability. Additionally, 
the guideline proposed the consideration of opioids (i.e., fentanyl or 
morphine) as a second-line treatment or if acute relief was indicated. 
Appropriate education regarding dosing, maintenance, and weaning 
were provided to NICU providers before the implementation of the 
guideline. 

Prospective chart review

A prospective chart review was conducted on eligible NICU 
patients (August 1, 2022, through June 30, 2023) after the 
dexmedetomidine guideline was introduced. The same data were 
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collected as during the retrospective chart review. These data provided 
information on courses of hospital stays and local practice of pain 

management and sedation in the NICU following the implementation 
of the dexmedetomidine-use guideline.

Table 1 Dexmedetomidine algorithm: University of New Mexico

Consideration for dexmedetomidine initiation
Consider initiating intravenous Dexmedetomidine for the following patient population at time of admission as standard of care:
(i) Term infant (≥37 weeks’ gestation).
(ii) Diagnosis of neonatal encephalopathy and requiring whole body hypothermia treatment.
Dexmedetomidine initiation – weight based
Loading dose may be considered in infants that are hemodynamically stable at 1 mcg/kg to run over 10-20 minutes:
(i) Starting dose of intravenous dexmedetomidine hydrochloride (4 mcg/mL) at 0.1 mcg/kg/hour using birth weight for dosing weight.
(ii) Monitor vital signs closely including blood pressure (q 15 minutes x1 hour) when initiating the drip.
Dexmedetomidine maintenance / escalation
Escalate dose if care team determines that infant is not adequately sedated:
(i) Increase baseline dose by 0.1 mcg/kg/hr q2 hours.
(ii) May increase dose no faster than every 30 minutes if infant tolerates increase and vitals remain stable.
(iii) Consider use of PRN morphine intravenous dosing if acute relief is indicated.
(iv) Maximum recommended dose is: 0.5 mcg/kg/hr.
(v) Continue to closely monitor vital signs including blood pressure (q 15 minutes x1 hour) and heart rate when titrating the dose.
(vi) Consider use of fentanyl or morphine for second line medications when indicated.

Dexmedetomidine weaning
Once the infant is stabilized and sedation is no longer needed, begin weaning:
(i) Wean by 0.1 mcg/kg/hr every 12-24 hours as tolerated.
(ii) Discontinue dexmedetomidine when dose is 0.1 mcg/kg/hr.

References
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Analysis

Descriptive statistics were used to summarize the characteristics of 
the full retrospective and prospective samples. Continuous variables, 
which were not normally distributed, are reported as medians with 
interquartile ranges (IQR). Categorical variables, including sex 
and mode of delivery, are presented as counts and percentages. 
Comparative analyses between retrospective and prospective samples 
for each cohort as well as the combined cohorts were conducted using 
the appropriate statistical test for the type of variable. For continuous 
variables, we used the Mann-Whitney U test, and for categorical 
variables, we used Fisher’s exact tests. Multivariate Kruskal-Wallis 
tests were used to further examine whether the retrospective and 
prospective samples differ for any of the following outcomes: 

1)	 Number of days requiring medication, 

2)	 LOS, and 

3)	 TFF. 

We first converted the morphine doses to an equivalent fentanyl 
dose to compare all opioid exposure in the groups for morphine 
and fentanyl use. The equivalent fentanyl dose was used as this 
was the most commonly used opioid. This was calculated by taking 
the cumulative morphine dose (in mg/kg for a 24-hour period) and 
dividing the value by 6 to provide the dose of intravenous morphine 
in mg/kg/dose that would be given every 4 hours. That dose was then 
multiplied by 10 to get the equivalent dose of intravenous fentanyl 
(mcg/kg/hr). The dose was multiplied by 24 to obtain the converted 
intravenous fentanyl dose in mcg/kg. The analysis was then completed 

via assessing the normality of opioid and benzodiazepine exposure 
within each group using Shapiro-Wilk tests. Given the violation 
of normality, we evaluated differences in exposure between the 
retrospective and prospective groups using Wilcoxon rank sum tests. 
To examine differences in feed types between the retrospective and 
prospective groups, we used Fisher’s exact tests, as the small sample 
sizes in some groups were not appropriate for a chi-square test.

All analyses were performed using R 4.3.3. P-values were adjusted 
for multiplicity using the Benjamini-Hochberg method, and adjusted 
values < 0.05 were considered significant. We provide these adjusted 
p-values in the results. 

Results
Thirty-one infants with NE were included in the analysis for this 

study: 13 infants in the retrospective chart review and 18 infants in 
the prospective chart review. Clinical and demographic characteristics 
are described in Table 2. All 18 infants in the prospective chart review 
received dexmedetomidine as the first-line sedation and analgesia 
medication. The median DOL sedation or analgesia medication 
was started significantly earlier in the prospective cohort (IQR, 
retrospective 0.0 [0.0-1.0] versus prospective 0.0 [0.0-0.0]; p<0.05). 
The length of sedation or analgesia medication administration 
decreased in the prospective cohort compared to the retrospective, 
although not significantly (IQR, retrospective 7.0 [4.0-11.0] versus 
prospective 6.0 [5.0-6.0]; p=0.52). There were trends towards a 
decreased median LOS (25 to 17 days [p=0.49]) and increased TFF 
(5 to 10 days [p=0.06]) in the prospective cohort, however these were 
not significant. 

https://doi.org/10.15406//jpnc.2025.15.00601


Impacts of a Dexmedetomidine-use guideline on term infants in the NICU: a retrospective and prospective 
analysis at a single center

155
Copyright:

©2025 Carrier et al.

Citation: Carrier A, Leeflang EJ, Hittson A, et al. Impacts of a Dexmedetomidine-use guideline on term infants in the NICU: a retrospective and prospective 
analysis at a single center. J Pediatr Neonatal Care. 2025;15(3):152‒157. DOI: 10.15406/jpnc.2025.15.00601

Table 2 Clinical and demographic characteristics of infants with neonatal encephalopathy

Characteristic All Retrospective Prospective Adjusted p 
value†

n 31 13 18 -
Sex n (%)
Female 14 (45.2) 5 (38.5) 9 (50)

0.84
Male 17 (54.8) 8 (61.5) 9 (50)
Mode of Delivery
Cesarean 17 (54.8) 10 (77.0) 7 (38.9)

0.25
Vaginal 14 (45.2) 3 (23.0) 11 (61.1)
  median (IQR)  
Gestational age at birth (weeks) 39.0 (37.2 - 40.0) 39.3 (39.0 - 40.0) 38.7 (37.0-39.9) 0.5
Fentanyl equivalent dose (mcg/kg) 79.0 (61.1 - 523.7) 4.0 (0.0 - 7.0) 0
Dol medication started 0.0 (0.0 - 0.0) 0.0 (0.0 - 1.0) 0.0 (0.0 - 0.0) 0.14
Length of medication administration^ (days) 6.0 (4.0 - 7.0) 7.0 (4.0 - 11.0) 6.0 (5.0 - 6.0) 0.73
Time NPO during medication administration^ (days) 5.0 (4.0 - 6.0) 5.0 (4.0 - 7.0) 6.0 (5.0 - 6.0) 0.84
TFF after medication exposure^ (days) 8.0 (6.5 - 11.0) 5.0 (5.0 - 8.0) 10.0 (8.0 - 11.8) 0.06
LOS (days) 17.0 (11.5 - 27.0) 25.0 (13.0 - 27.0) 17.0 (10.2 - 24.8) 0.49

†p-values adjusted for multiplicity using the Benjamini-Hochberg method

^Medication is defined as any sedative or analgesic used intermittently or via continuous infusion

Opioid and benzodiazepine exposure

For the retrospective NE group (n=13), the median total exposure 
was 79.00 mcg/kg fentanyl equivalent dose (IQR, 61.07-523.65 mcg/
kg fentanyl equivalent dose). In contrast, the prospective NE group 
(n=18) had a median exposure of 4.02 mcg/kg fentanyl equivalent 
dose (IQR, 0.00 - 7.00 mcg/kg fentanyl equivalent dose).

This difference was statistically significant (p=0.00). The rank-
biserial correlation was -0.83, indicating a large decrease in exposure 
in the prospective group relative to the retrospective group.

Multivariate analysis

Medians, IQRs, and p-values for the Fisher’s exact and Mann-
Whitney U tests for demographic and clinical variables are provided in 
Table 1. After adjusting for multiple tests, the TFF differed significantly 
between the cohorts with the prospective sample tending to have 
longer times to full feeds than the retrospective sample (p=0.03). The 
multivariate Kruskal-Wallis tests showed significant differences in the 
TFF (p=0.01). Infants in the prospective sample tended to have longer 
times to full feeds than infants in the retrospective sample. 

Discussion
Analgesia and sedation in the NICU have historically been 

controversial due to the concern of short- and long-term adverse 
consequences within this vulnerable population, lack of sufficient 
pharmacokinetic data within this population, and challenges with pain 
assessment as the gold-standard of pain assessment tools generally 
rely on patient self-report.5,7,35 This difficulty in pain assessment is 
further complicated by evidence suggesting that preterm infants 
may experience pain more intensely than their term counterparts. 
Some studies indicate that preterm infants are potentially more 
hypersensitive due to the higher density of nociceptive nerve endings 
in their skin, along with immature development of inhibitory pain 
control,4,36 further hindering their ability to modulate and manage 
pain. 

Currently, few studies demonstrate the safety and efficacy of 
dexmedetomidine use within the NICU population. There are well-
established adverse consequences of opioid exposure in the neonatal 

and infant population, and dexmedetomidine potentially offers 
considerable benefits over the present standard of care using opioids 
and benzodiazepines. Within our population, we were able to decrease 
the exposure to opioids and/or benzodiazepines for infants requiring 
hypothermia treatment with NE with no observed AEs. 

The delay to reaching full feeds is interesting and may either 
represent more medically complex infants in the prospective cohort or 
possibly increased use of mother’s own milk. The hospital advocates 
for use of mother’s own milk and works to support establishing 
breastfeeding or breastmilk whenever possible. Perceived stress, a 
common finding in individuals with an infant in the NICU, is linked 
to nonoptimal breastfeeding outcomes.37,38

Additionally, psychosocial stress has been observed to negatively 
affect energy density and fat content of mother’s own milk,39 which 
may prolong the time to reach full volume feeds with appropriate 
growth. 

Study strengths

Demonstrating reduced opioid exposure in this vulnerable NE 
population following the guideline implementation is a considerable 
strength in this study. Furthermore, as there were no reported AEs 
or intolerance of dexmedetomidine following the implementation of 
the guideline, this study lays the groundwork for dexmedetomidine 
as a potentially safe alternative for analgesia and sedation, although 
additional studies are required. Much of the hesitation of supplanting 
opioids with alternative treatments like dexmedetomidine is the lack 
of sufficient pharmacokinetic and clinical data within this population 
and additional information is needed on the possible impact on 
neurodevelopmental outcomes. Thus, additional studies investigating 
the safety, efficacy, and developmental outcomes of infants exposed 
to dexmedetomidine are needed to close the gaps in medicinal 
knowledge.

Study limitations

There are limitations to this study, including 1) relatively small 
sample sizes and 2) limitation to one study site. Due to the small 
sample size, the results of the study may not be generalizable to the 
wider NICU population of term infants. The small sample size limited 
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the study’s power to detect significant effects across cohorts, as seen 
in our results. 

Conclusion
We demonstrated that the implementation of a dexmedetomidine-

use guideline within a NICU was associated with a reduced opioid 
exposure in term infants who required hypothermia treatment for NE 
diagnosis. Successful creation and implementation of the guideline 
was contingent on an interdisciplinary team and adequate training 
to providers within the care setting. Importantly for future work 
investigating its safety and efficacy, no AEs (i.e., hemodynamic 
instability) were reported following the implementation of 
dexmedetomidine. Due to limitations of small sample sizes and 
diagnostic heterogeneity, additional studies with adequate and 
matched sample sizes are needed to determine the safety and efficacy 
of dexmedetomidine for analgesia and sedation within the NICU.
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