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OBJECTIVES:  To describe and compare off-label use and cardiovascular (CV) adverse effects of dexmedeto-
midine in neonates and infants in the pediatric intensive care unit (PICU).
METHODS:  Patients younger than 12 months with corrected gestational ages of at least 37 weeks who were 
receiving continuous infusion of dexmedetomidine at a tertiary pediatric referral center between October 
2007 and August 2012 were assessed retrospectively. Patients were excluded if dexmedetomidine was used 
for procedural sedation, postoperative CV surgery, or if postanesthesia infusion weaning orders existed at 
the time of PICU admission.
RESULTS:  The median minimum dexmedetomidine dose was similar between infants and neonates at 0.2 
mcg/kg/hr (IQR, 0.17-0.3) versus 0.29 mcg/kg/hr (IQR, 0.2-0.31), p = 0.35. The median maximum dose was 
higher for infants than neonates (0.6 mcg/kg/hr [IQR, 0.4-0.8] vs. 0.4 mcg/kg/hr [IQR, 0.26-0.6], p < 0.01). 
Additional sedative use was more common in infants than neonates (75/99 [76%] vs. 15/28 [54%], p = 0.02). 
At least 1 episode of hypotension was noted in 34/127 (27%) patients and was similar between groups. An 
episode of bradycardia was identified more frequently in infants than neonates (55/99 [56%] vs. 2/28 [7%], p 
< 0.01). Significant reduction in heart rate and systolic blood pressure was noted when comparing baseline 
vital signs to lowest heart rate and systolic blood pressure during infusion (p < 0.01).
CONCLUSIONS:  Dexmedetomidine dose ranges were similar to US Food and Drug Administration–labeled 
dosages for intensive care unit sedation in adults. More infants than neonates experienced a bradycardia 
episode, but infants were also more likely to receive higher dosages of dexmedetomidine and additional 
sedatives.
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INTRODUCTION

Dexmedetomidine (Precedex, Hospira, Lake 
Forest, IL) is a selective alpha2-adrenergic 
agonist that acts in the brainstem by inhibiting 
norepinephrine release.1 It is both a sedative and 
anesthetic with analgesic-sparing properties, 
and it causes minimal respiratory depression. 
Dexmedetomidine is approved by the US Food 
and Drug Administration (FDA) for use in pa-
tients 18 years of age and older for monitored 
anesthesia in the operating room or for up to 24 
hours while intubated and undergoing mechani-
cal ventilation in the intensive care unit (ICU).2–4 
Dexmedetomidine is commonly used off-label, 
including use for duration greater than 24 hours 
and any use in pediatrics.1 Dexmedetomidine 

has been used in patients who are near extuba-
tion to allow for dose reduction of other sedative 
agents that have a tendency to cause respiratory 
depression.5 Dexmedetomidine has relatively few 
adverse events when compared to other sedative 
agents, with hypotension and bradycardia being 
most common.6 Randomized clinical trials have 
demonstrated safety and efficacy up to approxi-
mately 5 days in adult patients.3

While there are data to suggest efficacy in 
pediatric patients, some studies have shown 
clinically significant bradycardia and hypoten-
sion associated with the use of dexmedetomidine 
in this population.7,8 Neonates and infants may 
have a greater risk of these adverse effects than 
older children, especially those with underlying 
cardiac disease or receiving concomitant medi-
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cations that may contribute to hypotension and 
bradycardia.5,9 In addition, dexmedetomidine 
is eliminated primarily through the urine after 
biotransformation via glucuronidation, hydrox-
ylation (via CYP2A6), and N-methylation.2,3 
Glucuronidation, which is reduced in the neona-
tal period and matures over the first year of life, 
may contribute to decreased elimination and an 
increase in adverse events from dexmedetomi-
dine in this population.10 Although there are data 
describing the use of dexmedetomidine in infants 
after CV surgery or during procedural sedation, 
the use of dexmedetomidine in neonates and 
infants in the general pediatric intensive care 
unit (PICU) population has not been well de-
scribed.11,12 This study is a retrospective, descrip-
tive evaluation of off-label dexmedetomidine 
therapy, including dosage, duration, and adverse 
events, in neonates and infants in the PICU.

MATERIALS AND METHODS

The study was performed as a retrospective 
chart review at a tertiary pediatric referral center 
with 36 PICU beds. The study was reviewed by 
the university’s institutional review board and 
granted approval under exempt status. A report 
of all patients younger than 12 months, admitted 
to the PICU with an order for continuous infu-
sion dexmedetomidine between October 2007 
and August 2012, was generated by using the 
pharmacy order entry system.

Patients were included in this study if they 
had a corrected gestational age (CGA) of at least 
37 weeks and were younger than 12 months at 
the time dexmedetomidine was ordered and 
administered. Patients were excluded from the 
study if they received dexmedetomidine for 
procedural sedation, immediately after CV sur-
gery, or if postanesthesia weaning orders existed 
at admission to the PICU. Included subjects 
were reviewed in reverse chronological order. 
Neonates included term newborns who initiated 

dexmedetomidine on days 0 to 28 of life and pre-
term newborns who initiated dexmedetomidine 
within 28 days of reaching a CGA of 37 weeks. 
All other children younger than 12 months were 
classified as infants.

The primary objective of this study was to 
describe the off-label use of dexmedetomidine 
in infants and neonates in the PICU. Secondary 
objectives included describing the occurrence of 
at least 1 episode of bradycardia or hypotension 
and comparing dosing and adverse effects be-
tween infants and neonates. Each patient’s chart 
was manually reviewed to extract and record de-
mographic data, reason for admission, vital signs 
and concomitant receipt of antihypertensives, 
intravenous opioids, fluid boluses, vasoactive 
medications, atropine, or other sedatives (i.e., 
lorazepam and midazolam continuous infusions 
or as-needed boluses). Specific dosage informa-
tion was collected, including dosage range, use 
of a loading dose, duration of use, and indication 
for dexmedetomidine use.

Patients were classified as having an episode of 
bradycardia or hypotension if their lowest heart 
rate or blood pressure during infusion was below 
the normal range based on their CGA according 
to the US National Institutes of Health (Table 
1).14 Additionally, the change in heart rate and 
systolic blood pressure was assessed by compar-
ing each patient’s baseline vital signs (average of 
documented heart rate or systolic blood pressure 
in the 12 hours immediately before initiation of 
dexmedetomidine) to their lowest heart rate or 
systolic blood pressure in the first 24 hours and 
during the entire duration of infusion of dexme-
detomidine.

There was a single data extractor for the study 
who used a standardized data collection form 
and organized data in Microsoft Excel (Microsoft 
Corporation, Redmond, WA). Descriptive statis-
tics were performed by using Microsoft Excel; 
data are reported using the appropriate mea-
sure of central tendency based on distribution. 

Table 1. Adverse Event Definitions14

Age Heart Rate Defining 
Bradycardic Episode

Systolic Blood Pressure Defining 
Hypotensive Episode

0-28 day <100 bpm <60 mm Hg

1-6 mo <110 bpm
<70 mm Hg

7-11 mo <90 bpm

bpm, beats per minute

Dexmedetomidine Dosing and Safety in Neonates and Infants
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Statistical analysis of the data was performed 
with MiniTab (MiniTab Statistical Software: 
16.2.1 [2010], MiniTab, Inc, State College, PA). 
Categorical data were analyzed by using χ2 or 
Fisher exact test, and Mann-Whitney U test was 
used for non-parametric continuous data.

RESULTS

One hundred and twenty-seven patients were 
included in this study. Data were collected for the 
first 28 neonates and 99 infants in reverse chrono-
logical order who met inclusion and exclusion 
criteria (Figure). Patients were stratified by CGA, 
and baseline characteristics are shown in Table 
2. Thirteen of the 28 neonates were born before 
37 weeks’ gestation. On the basis of admission 
notes, 42/99 (42%) infants were admitted due to 
respiratory distress, which was most commonly 
due to viral infection including rhinovirus and 
respiratory syncytial virus. Sepsis or septic shock 
led to admission of 18/99 (18%) infants, 15/99 
(15%) were admitted post operatively, and the 
remainder of admissions were related to trauma, 

failure to thrive, intracranial hemorrhage, or 
seizures. Similarly, the most common reason 
for admission among neonates was respira-
tory distress (16/28 [57%]), followed by sepsis 
or septic shock (7/28 [25%]). The remainder of 
neonatal admissions related to failure to thrive, 
intracranial hemorrhage, or seizures. Age and 
weight recorded were from the time of initiation 
of dexmedetomidine.

Dexmedetomidine was used for sedation dur-
ing invasive ventilation in 92/99 (93%) infants 
and 26/28 (93%) neonates in this study. The 
remainder of patients received dexmedetomi-
dine during noninvasive ventilation. Several 
patients were transitioned to dexmedetomidine 
from other sedatives for a short period before 
extubation. The median minimum infusion rate 
for the entire population was 0.2 mcg/kg/hr 
(interquartile range [IQR], 0.17-0.3) and median 
maximum rate was 0.5 mcg/kg/hr (IQR, 0.39-
0.8). During the study, minimum dosages were 
similar between infants and neonates; however, 
the median maximum dosage was higher in 
infants than neonates at 0.6 mcg/kg/hr (IQR, 
0.4-0.8) versus 0.4 mcg/kg/hr (IQR, 0.26-0.6; p 
< 0.01). Maximum infusion rate was 1.5 mcg/
kg/hr in infants and 1 mcg/kg/hr in neonates; 
only 1 infant and neonate received these dosages, 
respectively. Median duration of use for all pa-
tients was 41 hours (IQR, 17-76) and was similar 
between groups. Maximum durations of use in 
infants and neonates were 338 hours and 121 
hours, respectively. Four infants received load-
ing doses; 2 received loading doses of 0.5 mcg/
kg and 2 received 1 mcg/kg. Three of the infants 
(75%) did not have documented bradycardia or 
hypotension after bolus administration. The in-
fant received a 1 mcg/kg bolus infused over 10 
minutes, had a heart rate of 103 beats per minute 
(bpm) before the bolus, which decreased 19% to 
83 bpm 30 minutes later. The next documented 

165 Patients
Screened

127 Patients
Included

38 Patients
Excluded

28 Neonates

99 Infants

15 CV
Surgery

10 Procedural
Sedation

13 Post-
anesthesia 

Wean

Figure. Patient selection: inclusion and exclusion criteria.

Table 2. Baseline Characteristics

Neonates (n = 28) Infants (n = 99)

CGA, wk* 40 (38.9-40.8) —

Postnatal age, wk* 3.3 (2.53-3.9) 16 (8-28)

Weight, kg* 3.4 (3.1-4.2) 5.6 (4.7-7.3)

Male, %† 18 (67) 51 (52)

CGA, corrected gestational age; IQR, interquartile range
* Median (IQR)
† n (%)

LM Estkowski, et al
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heart rate 2 hours later was increased to 95 bpm 
(7% from baseline). Detailed dosage data can be 
found in Table 3.

During the study 57/127 (45%) patients ex-
perienced at least 1 episode of bradycardia; 
this occurred more frequently in infants than 
neonates (55/99 [56%] vs. 2/28 [7%], p < 0.01]. 
Hypotension was noted in 34/127 (27%) of the 
study population. There was no difference be-
tween infants and neonates in patients experienc-
ing hypotension (30/99 [30%] vs. 4/28 [14%], p 
= 0.15). Significant reduction in heart rate and 
systolic blood pressure occurred among both 
neonates and infants, based on comparison of 
mean baseline vital signs to the lowest heart rate 
and systolic blood pressure during the first 24 
hours or entire infusion (p < 0.01). Cardiovascular 
adverse events are described in Tables 4 and 5.

Data regarding several surrogate markers of ad-
verse events were collected. Among infants, 12/99 
(12%) received at least 1 fluid bolus during dex-
medetomidine infusion, which may represent the 
occurrence of an adverse event. Discontinuation 
due to bradycardia or hypotension was described 
in the charts of 3/99 (3%) infants. No vasopres-
sors were used in infants. Among neonates, 3/28 
(11%) received a fluid bolus, and 4/28 (14%) had 
CV adverse events documented as the reason for 
dexmedetomidine discontinuation in their charts. 
Dopamine was used in 3/28 (11%) neonates dur-
ing dexmedetomidine infusion; however, dopa-
mine use preceded dexmedetomidine in 2 of the 
3 patients. Atropine was not administered to any 
patients during the study period.

Other medications used concomitantly may 
have contributed to CV adverse events and 
affected outcomes in this study. Concomitant 
intravenous opioids were used in 107/127 (84%) 
patients. These included fentanyl, methadone, 
morphine, and hydromorphone. Most patients 
received concomitant opioids. Among patients 
documented as receiving opioids, 56/107 (52%) 
received a continuous infusion with or without 
additional opioid as needed. The remainder 
received opioids only on an as-needed basis. 
Antihypertensive agents were used in 24/127 
(19%) patients, with similar use between the 2 
groups of patients. Use of concomitant medica-
tions is presented in Table 6.

Cardiovascular adverse events were further as-
sessed to determine if opioid or antihypertensive 
use was associated with hypotension or brady-
cardia. During the study, 31/107 (29%) patients 
who received opioids experienced hypotension, 
and only 3/20 (15%) patients who did not receive 
opioids experienced hypotension; however, this 
difference did not reach statistical significance (p 
= 0.27). Use of opioids was not associated with 
bradycardia (Table 6). Antihypertensives were 
associated with an increase in hypotension; hy-
potension occurred in 11/24 (46%) patients who 
received antihypertensives versus 23/103 (22%) 
patients who did not receive antihypertensives 
(p = 0.02). Use of concomitant sedatives was not 
associated with CV adverse events.

Additional sedative agents may have con-
founded dosage requirements and were used in 
90/127 (71%) patients. Use was more common in 

Table 3. Comparison of Dosage and Duration of Dexmedetomidine Use Between Neonates and Infants

Overall (n = 127) Neonates (n = 28) Infants (n = 99) p Value*

Minimum dose† 0.2 (0.17-0.3)‡ 0.29 (0.18-0.3)‡ 0.2 (0.17-0.3)‡ 0.35

Maximum dose† 0.5 (0.39-0.8)‡ 0.4 (0.26-0.6)‡ 0.6 (0.4-0.8)‡ <0.01

Duration, hr 41 (17-76)‡ 38.5 (14.8-69.8)‡ 42 (19-84)‡ 0.47

IQR; interquartile range
* Neonates versus infants
† mcg/kg/hr
‡ Median (IQR)

Dexmedetomidine Dosing and Safety in Neonates and Infants

Table 4. Cardiovascular Adverse Events in Neonates Versus Infants

Overall (n = 127) Neonates (n = 28) Infants (n = 99) p Value*

Episode of bradycardia† 57 (45) 2 (7) 55 (56) <0.01

Episode of hypotension† 34 (27) 4 (14) 30 (30) 0.15

* Neonates versus infants
† n (%)
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infants than in neonates (75/99 [76%] vs. 15/28 
[54%], p = 0.02). Concomitant sedatives used 
in the study population included midazolam 
and lorazepam, which were used as continuous 
infusions and/or bolus doses as needed. Seven 
infants received greater than 0.2 mg/kg/hr of 
midazolam. Use of phenobarbital as an adjunct 
sedative is rare in this institution, and thus was 
not considered in this evaluation. Use of con-
comitant medications is presented in Table 7.

DISCUSSION

Dexmedetomidine is a unique sedative that 
offers many benefits over other currently avail-
able agents. Few studies have assessed safety 
and efficacy in the general PICU population; 
available studies describe dexmedetomidine use 
after CV surgery and for procedural sedation.2,3 
Hypotension and bradycardia, two of the most 
clinically significant adverse effects associated 
with dexmedetomidine, may limit its use in 
hemodynamically unstable adult patients in the 
ICU.1,2 These adverse effects are not as well de-
scribed in pediatric patients. Because CV surgery 
patients are at risk for tachyarrhythmias, and use 
for procedural sedation is generally of short dura-
tion, rates of hypotension and bradycardia seen 
in these patient populations may underestimate 
adverse event rates in a broad infant and neonatal 

PICU population.7

Practitioners at this institution dosed dexme-
detomidine in infants and neonates in the PICU 
similarly to FDA-labeled mcg/kg dosages for 
adults. Many patients received dexmedetomi-
dine concomitantly with other sedatives. Rates 
of hypotension and bradycardia at these doses 
in adults have been reported to be up to 50% and 
14%, respectively.2,7 Our study of infants younger 
than 1 year identified higher rates of bradycardia 
and lower rates of hypotension, when classified 
as any heart rate or blood pressure outside of the 
published normal ranges, than reported previ-
ously in adult patients. According to this con-
servative definition, 45% of patients experienced 
bradycardia and 27% experienced hypotension. 
However, there is notable variation among stud-
ies in their definition of these adverse events. 
Additionally, owing to the retrospective nature 
of this study and the many clinical situations that 
could result in vital sign changes, it is important 
to recognize the inability to establish causation 
between dexmedetomidine administration and 
these changes.

A meta-analysis of 24 adult studies showed 
that dexmedetomidine did not increase the risk 
of bradycardia requiring intervention when used 
at FDA-labeled doses of 0.2-0.7 mcg/kg/hr, 
although the use of loading doses and infusion 
rates above 0.7 mcg/kg/hr increased the risk of 

Table 5. Cardiovascular Adverse Events

Mean Baseline Lowest First 24 hr Lowest During Infusion

Heart rate, bpm*

Neonate 150 (130-160) 119 (114-126)† 114 (105-119)‡

Infant 138 (126-154) 111 (101-124)† 105 (87-117)‡

Systolic blood pressure, mm Hg*

Neonate 79 (71-90) 69 (64-74)† 66 (62-71)‡

Infant 94 (86-104) 82 (72-89)† 77 (69-87)‡

bpm, beats per minute; IQR; interquartile range
* Median (IQR)
† Baseline versus lowest in first 24 hr (p<0.01)
‡ Baseline versus lowest during infusion (p<0.01)

Table 6. Use of Opioids and Antihypertensives in Patients Experiencing Bradycardia or Hypotension

Opioids 
(n = 107)

No Opioids 
(n = 20)

p Value Antihypertensives 
(n = 24)

No Antihypertensives 
(n = 103)

p Value

Bradycardia* 49 (46) 8 (40) 0.63 14 (58) 43 (42) 0.14

Hypotension* 31 (29) 3 (15) 0.27 11 (46) 23 (22) 0.02
* n (%)

LM Estkowski, et al
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bradycardia.1 In addition, dexmedetomidine did 
not increase the risk of hypotension requiring 
intervention. A recent study by Chrysostomou 
and colleagues13 evaluated the use of dexmedeto-
midine among 42 preterm and term neonates. 
Neonates received dexmedetomidine at dosages 
of 0.05, 0.1, and 0.2 mcg/kg/hr for a maximum 
of 24 hours. Although the primary outcome was 
efficacy, baseline hemodynamic values were 
compared with the lowest values during the 
24-hour infusion. A 12% ± 9% reduction in heart 
rate after 7.7 ± 7.3 hours of dexmedetomidine 
infusion was identified. Systolic blood pres-
sure was reduced 14% ± 12% at 6.5 ± 7 hours. 
Although the present study identified a greater 
reduction in heart rate in the first 24 hours of 
infusion (Table 5), the median dexmedetomidine 
dosage was also higher, and infants were more 
likely to receive concomitant medications that 
affected the cardiovascular system. Although 
bolus administration of dexmedetomidine has 
been associated with hypertension, owing to ini-
tial peripheral vasoconstriction, or tachycardia, 
1 infant in this study experienced bradycardia 
with rapid bolus administration.2,5 Reduced heart 
rate in the 1 infant may have been related to the 
rapid rate of bolus administration. Systolic blood 
pressure reduction was similar. Chrysostomou 
and colleagues13 identified a prolonged half-life 
and increased unbound concentration of dexme-
detomidine in neonates, suggesting that lower 
doses may be required to achieve the same level 
of sedation and minimize adverse events.

Owing to the retrospective design of this study, 
it was difficult to assess the need for intervention 
due to severity of hypotension or bradycardia. 
Administration of atropine, vasopressors, and 
fluid boluses were used as surrogate markers of 
adverse events, but it is important to note that 

circumstances other than dexmedetomidine use 
may have lead to these interventions, especially 
in light of sepsis and septic shock accounting for 
a portion of the reason for admission in this pa-
tient population. If these interventions are used 
to determine clinically significant events, 16/127 
(12.6%) patients required a fluid bolus or initia-
tion of vasopressor after dexmedetomidine ini-
tiation. Although assessing clinically significant 
cardiovascular adverse events in this neonatal 
and infant population was difficult owing to 
the retrospective design, a notable proportion 
of patients were found to have had dexmedeto-
midine discontinued owing to cardiovascular 
adverse events. As this documentation was 
incidental in progress notes, and not required, it 
likely underestimates the number of patients who 
experience clinically significant cardiovascular 
adverse events but does indicate that they are 
likely common in this population.

There are limitations to this study. First, the 
nature of a retrospective study limits the control 
of confounding factors. This makes it difficult 
to interpret the use of concomitant sedatives as 
well as the possible contribution of concomitant 
medications to adverse effects. Other agents that 
are commonly administered to patients in the 
ICU, such as intravenous opioids, may increase 
the risk of CV adverse events and may have 
confounded the assessment of adverse events 
related to dexmedetomidine in this study. In-
dividual clinicians dictated use and dosage of 
dexmedetomidine, and there were no standard 
clinical criteria for dexmedetomidine use. It is 
possible that only those patients considered at 
low risk for CV adverse events were selected for 
dexmedetomidine therapy. Several outcomes as-
sessed in this study found no difference between 
neonates and infants; however, these assessments 

Dexmedetomidine Dosing and Safety in Neonates and Infants

Table 7. Use of Concomitant Medications

Overall (n = 127) Neonates (n = 28) Infants (n = 99) p Value*

Concomitant sedative† 90 (71) 15 (54) 75 (76) 0.02

Midazolam ≥ 0.2 mg/kg/hr† 7 (6) 0 7 (7) 0.35

Concomitant opioid† 107 (84) 24 (86) 83 (84) 1

Concomitant antihypertensive 24 (19) 3 (7)‡ 21 (21)§ 0.28

*	 Neonates versus infants
† 	n (%)
‡ 	Concomitant antihypertensives: atenolol, digoxin, labetalol, and propranolol
§ 	Concomitant antihypertensives: amlodipine, atenolol, captopril, carvedilol, digoxin, labetalol, metoprolol, nicardipine, nitroglycerin, 
	 and propranolol
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are at risk of type 2 error given the size of this 
study. It is possible, that a larger patient popu-
lation may expose greater differences between 
groups. Lastly, this study was not able to assess 
long-term outcomes, such as the impact of dex-
medetomidine and other sedatives on long-term 
developmental outcomes.

In conclusion, dexmedetomidine dosages used 
in infants and neonates in the PICU were simi-
lar to FDA-labeled dosage for ICU sedation in 
adults. More infants experienced a bradycardic 
episode than neonates, but they were also more 
likely to receive higher dosages of dexmedeto-
midine and additional sedatives. With careful 
patient selection and a conservative approach 
to dosing, dexmedetomidine may be safe for use 
in the infant and neonatal PICU population, but 
all aspects of a patient’s medication regimen and 
clinical picture must be thoroughly evaluated 
when determining if the benefits of dexmedeto-
midine therapy outweigh the risks.
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