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OBJECTIVES Dexmedetomidine is an o,-adrenergic receptor agonist with sedative and analgesic effects in
mechanically ventilated adults and children. Safety and efficacy data are limited in children. The purpose of
this study is to retrospectively identify the incidence and types of adverse events noted in children receiving
continuous infusions of dexmedetomidine and evaluate potential risk factors for adverse events.
METHODS Between July 1,2006, and July 31,2007, data were collected on all children (< 18 years) who received
continuous infusions of dexmedetomidine. Data collection included demographics, dexmedetomidine regi-
men, and type/number of adverse events. The primary endpoint was the total number of adverse events noted,
including: transient hypertension, hypotension, neurological manifestations, apnea, and bradycardia. Secondary
endpoints included categorization of each type of adverse event and an assessment of risk factors. A logistic
regression model was used to assess the relationship of adverse events with independent variables including
length of ICU stay, cumulative dose, peak infusion rate, duration of therapy, PRISM Il score, and bolus dose.
RESULTS Thirty-six patients received dexmedetomidine representing 41 infusions. The median age was 16
months (range, 0.1- 204 months) and median PRISM Ill score was 2 (range, 0-18). Eighteen (43.9%) patients
received a bolus dose of dexmedetomidine. The median cumulative dose (mcg/kg) and peak dose (mcg/kg/
hr) were 8.5 (range, 2.2-193.7) and 0.5 (range, 0.2- 0.7), respectively. Dexmedetomidine was continued for
a median of 20 (range, 3-263) hours. Six (14.6%) patients were slowly tapered off the continuous infusions.
Twenty-one adverse events were noted in 17 patients, including 4 neurologic manifestations. Fourteen
patients required interventions for adverse events. ICU length of stay was the only independent risk factor
(p=0.036) for development of adverse events.

CONCLUSIONS Several potential adverse events were noted with dexmedetomidine continuous infusions
including possible neurological manifestations. Further studies are needed looking at adverse events as-
sociated with dexmedetomidine use in the pediatric population.
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INTRODUCTION

Dexmedetomidine (Precedex; Hospira, Lake
Forest, IL) was approved in 2004 for sedation of
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mechanically ventilated adults during treatment
in the intensive care unit (ICU).! It is a selective
alpha -adrenergic agonist that provides sedation

ABBREVIATIONS ICU, intensive care unit; PRISM, Pediatric
Risk of Mortality score; MAP, mean arterial pressures; SBP,
systolic blood pressure

with minimal effects on respiratory function. The
recommended dosage range is 1 mcg/kg loading
dose followed by a continuous infusion of 0.2-0.7
mcg/kg/hr for no longer than 24 hours. In adult
studies, dexmedetomidine enabled the doses of
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narcotics and benzodiazepines to be reduced.’
The positive results in adults led researchers to
evaluate efficacy in the pediatric population. To-
bias and Berkenbosch conducted a prospective,
randomized trial in a pediatric ICU comparing
dexmedetomidine to midazolam for sedation
during mechanical ventilation.” Dexmedetomi-
dine provided more effective sedation as demon-
strated by the administration of fewer morphine
doses. Infants and children randomized to the
midazolam group received 36 morphine boluses
versus 29 and 20 morphine boluses administered,
respectively, to the 0.25 and 0.5 mcg/kg/hr dex-
medetomidine groups (p=0.02 for midazolam
versus 0.5 mcg/kg/h of dexmedetomidine).?
Limited data that describe the efficacy and
safety of dexmedetomidine in children are avail-
able.*® In a phase III study of dexmedetomidine
in adults (n=401), the most common adverse
events were hypotension (30%), hypertension
(12%), nausea (11%), and bradycardia (9%).%”
Severe bradycardia and cardiac arrhythmias with
rare reports of asystole or cardiac arrest have
been reported in patients requiring mechanical
ventilation on dexmedetomidine.'®’ Apnea and
neurological abnormalities (e.g., somnolence, fa-
cial drooping) have been noted in some patients.!
Despite the limited safety data of dexmedeto-
midine use in children, prescribers have used
this agent in critically ill children as an adjunct
sedative agent and frequently administer it for
longer than 24 hours. This study was initiated
to identify the epidemiology and risk factors of
adverse events in critically ill children receiving
dexmedetomidine in the pediatric ICU.

MATERIALS AND METHODS

Study Design

This retrospective study was conducted at a
230-bed tertiary care children’s hospital located
within an academic medical center. Following
institutional review board approval, patients less
than 18 years of age who received dexmedeto-
midine between June 1, 2006 and July 31, 2007 in
the ICU for greater than two hours were included
in analysis. Patients were identified through the
Meditech (Medical Information Technology,
Inc., Westwood, MA) database. Given the short
half-life of dexmedetomidine (approximately 2
hours), data for patients receiving more than one
course of dexmedetomidine per hospital admis-

sion were evaluated as separate events provided
the time between each infusion period was more
than 12 hours. Data for patients with incomplete
medical records and those who received dexme-
detomidine outside the ICU (i.e., operating room
use) or for procedural sedation were not used.

Endpoints and Data Collection

Data were collected from progress notes, phy-
sician orders, nursing notes, and/or pharmacy
records. Information obtained included age at
time of admission, sex, race, ICU length of stay,
primary diagnosis at the time of admission to the
pediatric ICU (e.g., post-operative/trauma, sep-
tic shock, pneumonia, pulmonary disease), and
PRISM III (Pediatric Risk of Mortality)' score.
PRISM III was used to quantify illness severity.
The dexmedetomidine dosage regimen (mcg/
kg/hr), cumulative dose (mcg/kg), bolus dose
administered (yes or no), duration of therapy
(hours), and use of taper at the completion of
therapy were also recorded.

Information was also collected on the use
of concomitant sedative and analgesic agents.
Continuous infusions of sedative and analgesic
agents, including narcotics (fentanyl, morphine),
ketamine, and benzodiazepines (lorazepam,
midazolam), were assessed. Additionally, the
number of intermittent bolus doses of sedative
and analgesic agents was also noted. These
medications were collected to identify if adverse
events correlated with concomitant dexmedeto-
midine administration.

The potential for adverse cardiovascular effects
was evaluated by monitoring heart rate, systolic
and diastolic blood pressure at one hour before
infusion, in the middle of the infusion, one hour
post-infusion, and 12 hours after discontinua-
tion of dexmedetomidine. The pre-infusion and
post-infusion measurements were collected to
identify any possible changes in heart rate or
rebound hypertension. Given dexmedetomidine
terminal half-life of approximately 1.8 hours in
children, the 12-hour post-infusion measurement
was estimated to represent the time of total or
almost-total elimination of the drug." Hemo-
dynamic changes throughout the entirety of all
infusions were also documented, including any
additional treatment measures required (e.g.,
dexmedetomidine discontinuation, infusion rate
reduction, or volume replacement).

The primary outcome was to identify the num-
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Table 1. Summary of Medications Used for Sedation and Analgesia and Associated Number of Adverse Events

Patients (n=36) Infusions (n=41) ADE (n=21)
Dex 1 13 7*
Dex +F + MDZ 12 14 7*
Dex +F 8 9 3*
Dex + morphine 2 2 2%
Dex + MDZ 2 2 1
Dex + MDZ + morphine 1 1 1

ADE, adverse events; Dex, dexmedetomidine; F, fentanyl; MDZ, midazolam
*One patient in this group had two adverse events during the same infusion

ber of adverse events in patients receiving dex-
medetomidine. A standard data collection form
approved by the Institutional Review Board was
used by the investigators. Any potential adverse
effect was identified by one investigator (BLH)
and confirmed by a second investigator (PNJ).
An adverse event was defined as documented
hypotension, rebound hypertension, brady-
cardia, apnea, or neurological abnormalities.
For the purpose of this study, bradycardia was
defined as a heart rate < 100 beats/minute in a
newborn and < 60 beats/minute in an infant or
child.”? Hypotension was defined as a systolic
blood pressure (SBP) for term neonates (age 0 to
28 days) < 60 mmHg, a SBP for infants (age 1 to
12 months) < 70 mmHg, a SBP for children (age
1to 10 years) <70 + 2 X age in years mmHg, and
for older children (age 10 to 17 years) a SBP < 90
mmHg.” Transient hypertension was defined
as an unexplained change in SBP that was more
than 30 mmHg above baseline and persisted for
10 minutes.**

In addition to these adverse events, apnea was
defined as a respiratory pause lasting more than
20 seconds or a shorter pause associated with
cyanosis, pallor, hypotonia, or bradycardia < 100
beats per minute.? Data collection also included
an assessment of neurological abnormalities that
may have occurred during dexmedetomidine
continuous infusion, as a result of extended use,
or associated with discontinuation of therapy.
This was defined as a change in verbal and motor
function or an increased incidence of agitation
and nervousness from baseline.

Several secondary outcomes were also as-
sessed. First, each individual adverse event was
categorized according to the number and type
of event. Secondary analysis included an assess-

ment of potential risk factors for adverse events
including length of ICU stay, PRISM III score,
duration of infusion, peak dexmedetomidine
dose, and cumulative dexmedetomidine dose.

Statistical Analysis

Data were summarized using the mean,
median, and range for continuous data and
percentages for categorical information when
appropriate. A stepwise forward multivariate
logistic regression was used to determine factors
(independent variables) that were associated
with the occurrence of an adverse event. Re-
gression model used adverse event/no adverse
event as the dependent variable. Independent
variables included length of PICU stay, PRISM
III score, peak dose, duration of infusion, and
total cumulative dose. This approach helped
to ensure that each variable provided its own
unique contribution to the overall model. Data
were analyzed using SPSS for Windows (v14.0),
with the a priori level of significance setat p < 0.05.

RESULTS

Patient Demographics

Four hundred fifty- five patients were screened
for enrollment. Because the duration of dex-
medetomidine infusion was less than 2 hours
or the drug was used for procedural sedation,
400 patients were excluded. Although 60 infu-
sions continued for longer than 2 hours in 55
patients, 19 of these patients were excluded due
to incomplete medical records. Forty-one infu-
sions, representing 36 patients, were included for
analysis (Table 1). Five of these patients received
two separate dexmedetomidine infusions dur-
ing the same admission with at least 12 hours
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between infusions.

Baseline patient demographic data are shown
in Table 2. The majority of patients were Cauca-
sian males, and the average age was 38.2 + 47.6
months. Although patients were admitted to the
PICU for various reasons, the main diagnosis was
post-operative/trauma. The mean calculated
PRISM Il score was 4.9 + 4.7 and the mean length
of stay in the ICU was15.4 + 20.8 days.

Anumber of patients were receiving concomi-
tant sedative and analgesic agents at the start of
dexmedetomidine therapy. Both midazolam and
fentanyl were given concurrently with dexme-
detomidine in 14 of 41 infusions. Either fentanyl
(n=9) or midazolam (n=2) were given at the initia-
tion of dexmedetomidine infusion. The majority
of patients were started on dexmedetomidine to
facilitate extubation.

Dexmedetomidine Dosage Regimen

Table 3 contains information describing the dex-
medetomidine dosage regimens. Eighteen (43.9%)
infusions contained bolus doses to initiate dexme-
detomidine therapy. The median cumulative dose
(mcg/kg) and peak dosage (mcg/kg/hr) were 8.5
and 0.5, respectively. There was great variability
in duration of dexmedetomidine (Table 2), with
one patient receiving therapy for approximately
11 days. In order to prevent possible withdrawal
symptoms, 6 (14.6%) infusions were tapered
slowly at the discretion of the PICU physician.

Adverse Events

Twenty-one adverse events occurred during 41
infusions (51%) (Table 1). Collectively, 13 of the
36 patients experienced 1 adverse event and 4
patients experienced more than 1 event. Adverse
events were noted in 7 of 14 separate infusions
(42.8%) in those who received dexmedetomi-
dine, fentanyl, and midazolam concomitantly.
Four adverse were reported during 11 different
infusions in patients receiving fentanyl or mid-
azolam and dexmedetomidine. The remaining
five adverse events occurred in patients receiving
dexmedetomidine alone.

Hypotension and bradycardia were observed
most often, occurring in 9 and 6 infusions, re-
spectively (Table 4). Two patients experienced
both hypotension and bradycardia and another
showed neurological abnormalities and hypoten-
sion. Another patient suffered from both apnea
and neurological abnormalities. One patient

Table 2. Baseline Demographics (n=36)

Variable Total

Weight (kg) 13.7 (3.4-57)*

Age (months) 38.2(0.1-204)*

Males 19 (52.7%)
Race
Caucasian 24 (58.54%)
African American 4 (9.76%)
Hispanic 3(7.32%)
Other 5(12.2%)
PRISM 1II 4.9 (0-18)*
Diagnosis

Post-operative/trauma 25 (69.4%)

Otolaryngology surgeries 7 (28%)
Cardiothoracic surgeries 6 (24%)
Trauma related surgeries 4 (16%)
Orthopedic surgeries 3(12%)
Neurosurgical surgeries 3(12%)
Other 2 (8%)
Pulmonary disease 6 (16.7%)
Pneumonia 3(8.3%)
Other 2(5.6%)
ICU length of stay (days) 15.4 (1-96)*

ICU, intensive care unit; PRISM, Pediatric Risk of Mortality;
*Median (range)

experienced hypertension and apnea; however,
the events occurred during separate infusions.
There was a slight difference in mean arte-
rial pressures (MAP) before and after the start
of dexmedetomidine (66.6 + 13.1 and 71.6 +
13.7 mmHg). The MAP at the mid-point of the
infusion was decreased (64.2 + 12.2 mmHg) as
expected. The MAP at the end of the infusion
and the value obtained 12 hours after discontinu-
ation were not markedly different (71.6 = 13.7
and 70.2 + 13.8 mmHg, respectively). There were
no meaningful differences between mean + SD
heart rates one hour before and after the start of
dexmedetomidine (126.5 + 28.1 and 126.4 + 24.2
beats per minute, respectively). Although heart
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Table 3. Dexmedetomidine Dosage Regimen (n=41)

Variable Mean + SD Median (Range)
Cumulative dose (mcg/kg) 18.1+£31.9 8.5(2.2-193.7)
Peak dose (mcg/kg/hr) 05+0.2 0.5 (0.2-0.7)
Duration (hr) 36.5+49.7 20 (3-263)

rate decreased during the infusion (114.3 = 23.6),
it returned to pretreatment baseline at the one
and 12 hour post-infusion times.

Of concern, neurological abnormalities were
noticed with 4 separate infusions (9.8%) in four
patients whose age ranged from 8 months to 11
years of age. The patient receiving dexmedetomi-
dine for 11 days suffered transient neurological
abnormalities (i.e., decreased verbal communica-
tion, facial drooping, and unilateral pupil dila-
tion) upon discontinuation of the medication.
This patient did not receive a bolus dose but was
continued on a dose of 0.7 mcg/kg/hr of dexme-
detomidine throughout the duration of therapy.
He was not tapered off dexmedetomidine. The
other three children who suffered from transient
neurological abnormalities (i.e., increased agita-
tion, abnormal chewing motions, non-reactive
pupils, slow rhythmic jerking motions, and ab-
normal head turning) received dexmedetomidine
from 6 to 49 hours. Two of these patients were
tapered off dexmedetomidine.

To determine if there was an association be-
tween the total amount of dexmedetomidine
infused and adverse events, the patients were
stratified into those receiving < 8.5 mcg/kg and
those given > 8.5 mcg/kg (Table 3). There ap-
pears to be a larger number of adverse events in
patients who received a larger cumulative dose of
dexmedetomidine or a longer duration or therapy.

Fourteen of 17 patients (82.4%) or 14 of 21
infusions (66.7%) required interventions due to
adverse effects. Dexmedetomidine was discon-
tinued in 9 patients and the dose was decreased
in 2 patients. Three patients received fluid bolus-
es with crystalloids (0.9% Normal Saline, USP).

Logistic Regression Analysis

A logistic regression analysis was completed
with adverse events as the dependent variable
comparing the ICU length of stay, PRISM III
score, infusion, peak dose, duration of dexme-
detomidine, and total cumulative dose as inde-
pendent variables (Table 5). Length of ICU stay

was the only statistically significant independent
risk factor (OR=4.193, p<0.05) for the develop-
ment of adverse events.

DISCUSSION

Dexmedetomidine is currently being used for
sedation and analgesia in children in the ICU.
This agent provides both sedative and analgesic
effects without the clinically significant respira-
tory depression seen with other agents (e.g., fen-
tanyl or morphine). Numerous case series show
the value of dexmedetomidine in the pediatric
population.™"® Buck and Willson prospectively
observed 17 infants and children who received
dexmedetomidine in the PICU.*They concluded
that dexmedetomidine allowed for reduction or
elimination of midazolam, and it was particularly
useful in specific subsets of the population in
whom traditional sedatives fail to produce the
desired response (i.e., chronic neurologic impair-
ment).’ Dexmedetomidine has also been useful
for reducing the amount of narcotics.? In addition,
dexmedetomidine is utilized in some patients for
facilitation of extubation, and recent reports have
described the potential utility of dexmedetomi-
dine for this indication. Carroll and colleagues
described dexmedetomidine use in 41% (n=74)
of pediatric cases as a bridge to extubation while
other sedatives were weaned or discontinued and
in 53% of cases to supplement other sedatives
judged to be inadequate.*

The primary indication for the initiation of
dexmedetomidine in this study was difficult to
determine due to its retrospective nature. We
noted a trend in reduction of fentanyl and other
sedatives following dexmedetomidine initiation.
The dosage regimens seen in our patients are listed
in Table 2. The dosing observed in this study is
within the Food and Drug Administration (FDA)
approved range for adults. For adult patients,
dexmedetomidine can be initiated with a loading
infusion of 1 mcg/kg, followed by a maintenance
infusion of 0.2 to 0.7 mcg/kg/hr.! The dosage
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Table 4. Dexmedetomidine Adverse Events

Adverse Events Total Cumulative Dose
< 8.5 mcg/kg = 8.5 mcg/kg
Apnea* 1(2.3%) 0 1
Bradycardiat 6 (14.6%) 3 3
Hypertension# 1(2.4%) 0 1
Hypotension§ 9 (22%) 3 6
Neurological manifestations9 4 (9.8%) 1 3

* Apnea is a respiratory pause > 20 sec or a shorter pause associated with cyanosis, pallor, hypotonia, or bradycardia < 100 beats/min

1 Bradycardia is defined as a heart rate < 100 beats/min in a newborn and < 60 beats/min in an infant or child

# Hypertension is defined as an unexplained systolic blood pressure (SBP) 30 mmHg above baseline for 10 minutes

§Hypotension is defined as a SBP for term neonates (age 0 to 28 days) < 60 mmHg, a SBP for infants (age 1 to 12 months) < 70 mmHg, a SBP
for children (age 1 to 10 years) < [70 + 2 X age in years] mmHg, and for older children (age 10 to 17 years) a SBP < 90 mmHg

1 Neurological manifestations are changes in verbal/motor function, increased incidence of agitation and nervousness from baseline

range of 0.2 to 0.7 mcg/kg/hr is consistent in our
study and is comparable to other published dex-
medetomidine literature in pediatrics.>5"
Duration of dexmedetomidine therapy varies
significantly between studies. The manufacturer
urges against dexmedetomidine use greater than
24 hours.! Our average infusion time was 36.5
hours with a range of 3 to 263 hours. To our
knowledge, there are two other case series that
describe the use of dexmedetomidine for longer
than 24 hours. Carroll et al. described a patient
receiving dexmedetomidine for 451 hours (3-451
hours).* Walker et al. reported pediatric burn
patients on dexmedetomidine for an average
duration of 11 days (2-50 days).? The safety and
efficacy of dexmedetomidine for more than 24
hours has not been evaluated. It is possible that
these patients could have a higher incidence of
some types of adverse events. We noted, in our
institution, a higher incidence of adverse events
in children receiving dexmedetomidine for a pro-
longed duration or at a higher cumulative dose.
This is a novel study looking directly at adverse
events of dexmedetomidine in children. Hemody-
namic effects of dexmedetomidine (i.e., hypoten-
sion, bradycardia, and transient hypertension)
are well known and documented. Carroll and
colleagues reported a case series of 60 patients
receiving 74 dexmedetomidine infusions.* They
noted hypotension (9%), hypertension (8%),
and bradycardia (3%) as the most common ad-
verse events seen with dexmedetomidine. The
incidence of hypotension (22%) and bradycardia
(14.6%) found in our study were higher than
that found in previous studies. Due to our study
design and small sample size it is difficult to de-

termine if the adverse events were related to in-
dividual patient characteristics, severity of illness,
and/or duration of dexmedetomidine therapy.
The developments of neurological abnormali-
ties and symptoms following abrupt withdrawal
of dexmedetomidine are rare, but have been re-
ported with dexmedetomidine administration.**
Identification of these symptoms is difficult
to assess, especially in children. The manufac-
turer warns about the potential for withdrawal
symptoms if dexmedetomidine is administered
chronically and abruptly stopped.' Withdrawal
symptoms (e.g., nervousness, agitation, head-
aches, and rapid rise in blood pressure) have
been reported extensively with clonidine, another
alpha-2-adrenergic agent.! In a prospective study,
Buck and colleagues monitored for alterations
in mental status.® The trial had 10 patients (59%)
with chronic neurologic impairments (e.g., Down
syndrome). This study evaluated the use of pro-
longed dexmedetomidine infusions with an aver-
age duration of 32 + 21 hours, and authors did not
find any neurologic adverse events attributable to
dexmedetomidine. The authors concluded that it
was unclear if the success of therapy and limited
adverse events was from patient selection or a
conservative dosing strategy. Unlike the previous
trial, Venn et al. described an adult who devel-
oped dystonic movements while receiving 1.5
mcg/kg/hr of dexmedetomidine for 24 hours.?
Future studies and close patient assessment are
needed to evaluate this potential adverse event.
There are several limitations to our study.
First, the data were collected retrospectively, and
some patients were excluded due to incomplete
medical records. The retrospective design is not

J Pediatr Pharmacol Ther 2010 Vol. 15 No. 1 ® www.jppt.org

35



JPPT

Honey BL, et al

Table 5. Regression Analysis (n=41)

Variable P-value
ICU length of stay 0.036
PRISM Ill score 0.099
Duration of infusion 0.120
Peak dose 0.426
Total cumulative dose 0.152

ICU, intensive care unit;
PRISM, Pediatric Risk of Mortality

the most conducive method for identification of
adverse events. Some adverse events could be
overlooked or misinterpreted strictly secondary
to this study design. Second, our patients were all
in the pediatric ICU and were severely ill. The use
of a control group comprised of PICU patients
that did not receive dexmedetomidine would
enable one to evaluate whether the number of
adverse events observed in the study was due to
the patients’ co-morbid conditions, concomitant
medications, and/or the prolonged pediatric
ICU length of stay. An additional limitation of
the study is the small sample size. Due to these
limitations, it is difficult to ascertain whether the
adverse events seen were related to dexmedeto-
midine therapy or critical illness.

CONCLUSION

In this retrospective analysis, dexmedetomi-
dine was associated with a number of adverse
events in our pediatric population. While we
noted changes in MAP and heart rate, these
adverse events were for the most part not clini-
cally significant and responded to a decrease in
dose or a normal saline bolus. Although rare, a
variety of transient and reversible neurological
events have been reported. Clinicians should be
knowledgeable about the potential of dexme-
detomidine to cause neurological abnormalities
upon abrupt discontinuation of therapy and
should monitor patients for an increase in agita-
tion, speech abnormalities, neuralgia, hallucina-
tions/delirium, etc. Because symptoms can occur
following abrupt withdrawal, it is also prudent to
taper dexmedetomidine in any patient who has
received therapy >24-48 hours. A reasonable ap-
proach is to wean dexmedetomidine by 0.1 mcg/

kg/hr every 12-24 hours. Future studies should
evaluate the safety profile of dexmedetomidine,
specifically assessing the potential for possible
neurological abnormalities.
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