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Abstract Purpose: To describe
changes in hemodynamic variables,
sedation, and pain score after dis-
continuation of prolonged infusions
of dexmedetomidine in a pediatric
population of critically ill cardiac
patients. Methods: Retrospective
case series of patients who received
continuous infusions of dexmede-
tomidine for longer than 3 days in a
pediatric cardiac intensive care unit
from 2008 to 2010. Results: Sixty-
two patients, age 5.2 months (range
0.3 months–17 years) and weight
5.1 kg (range 2.2–84 kg), were
included. Thirty-nine patients (63%)
were younger than 1 year of age.
Median duration of dexmedetomidine
infusion was 5.8 days (range
4–26 days) and median infusion dose
was 0.71 lg/kg/h (range 0.2–2.1 lg/
kg/h). Median weaning time and dose
at discontinuation were 43 h (range
0–189 h) and 0.2 lg/kg/h (range
0.1–1.3 lg/kg/h). Tachycardia, tran-
sient hypertension and agitation were
observed in 27, 35 and 27% of
patients. Episodes of tachycardia
were more frequent in children older

than 1 year of age (61 vs. 8%,
p \ 0.001), patients who received
dexmedetomidine for 4 days when
compared to those who received
5 days or longer (48 vs. 17%,
p = 0.011), and patients whose infu-
sion was discontinued abruptly (42
vs. 14%, p = 0.045). Tachyarrhyth-
mias were seen in nine patients (15%)
after discontinuation of the dex-
medetomidine infusion. Adequate
sedation and analgesia scores at the
moment of infusion discontinuation
were seen in 90 and 88% of patients,
respectively. Conclusions: Our
study suggests that tachycardia,
transient hypertension, and agitation
are frequently observed in pediatric
cardiac intensive care unit patients
after discontinuing prolonged
dexmedetomidine infusions.
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Introduction

Dexmedetomidine, a selective a2-adrenoreceptor agonist,
is currently approved by the Food and Drug Administra-
tion for adult sedation for up to 24 h during mechanical
ventilation [1] and for monitored anesthesia care. Nev-
ertheless, it is used extensively in the pediatric population

in general critical care [2–5], cardiac critical care [6–10],
cardiac anesthesia [11], general anesthesia [12], and
ambulatory anesthesia [13] due its ability to produce
sedation, anxiolysis, and analgesia while minimally
affecting respiratory function [14–17]. Despite the wide-
spread use of dexmedetomidine, current literature contains
little information regarding experience with prolonged
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infusions and few case reports describe possible rebound
or withdrawal symptoms after its discontinuation [18–21].

Driven by unpublished and observational clinical data
from our Cardiac Intensive Care Unit (CICU) at Chil-
dren’s Hospital of Pittsburgh of University of Pittsburgh
Medical Center (UPMC) regarding episodes of hyper-
tension, tachycardia, and agitation after discontinuing
infusions of dexmedetomidine, we designed this study to
describe changes in hemodynamic variables, sedation,
and pain score within the first 12 h after suspending
prolonged infusions of dexmedetomidine in a population
of pediatric cardiac intensive care patients.

Materials and methods

The study protocol was approved by the Institutional
Review Board of the University of Pittsburgh/Children’s
Hospital of Pittsburgh of UPMC, which waived the
need for written, informed consent. However, parental
informed consent for dexmedetomidine use was obtained
for all patients younger than 1 year of age, infusions
longer than 72 h, and infusion dose greater than 1.5 lg/
kg/h. We performed a retrospective, case series study of
pediatric patients in the CICU at Children’s Hospital
of Pittsburgh of UPMC between 1 January 2008 and
1 January 2010. The inclusion criteria were age less than
18 years and having received a continuous infusion of
dexmedetomidine lasting longer than 3 days. Exclusion
criteria were age greater than 18 years, death, inability to
obtain clinical information, and any administration of
clonidine from 48 h before to 12 h after dexmedetomi-
dine discontinuation.

Although there is no standard protocol for discon-
tinuing dexmedetomidine in our unit, patients are
typically weaned at a rate of 0.1–0.4 lg/kg/h every
8–24 h based on duration and dose of the infusion at the
moment of discontinuation. If an episode of agitation is
observed during weaning, the infusion is returned to the
previous dose and kept there for at least 6 h before
attempting to continue weaning. If sedation remains
inadequate after 20–30 min following the increment, a
rescue agent is also administered.

The exact time of dexmedetomidine discontinuation
was determined for each patient and information
regarding dexmedetomidine administration was docu-
mented (duration of administration, mean dose,
cumulative dose, dose at discontinuation, and weaning
time). Since the elimination half-life of dexmedetomi-
dine is approximately 2 h, it is expected that after six
half-lives (12 h), the majority of the drug has been
eliminated and the effects of discontinuation become
evident [22–25]. Therefore, we decided to observe the

variables of interest [heart rate (HR), systolic, diastolic
and mean blood pressure, respiratory rate, sedation
score, and pain score] for each patient at baseline and
hourly for 12 h following discontinuation of the infu-
sion. Baseline values were defined as the values noted
1 h prior to discontinuation. Hypertensive or hypotensive
episodes, tachycardia, and bradycardia were defined as
any value above or below the 95th and 5th percentiles
for age. Presence of cardiac arrhythmias and need for
inotropes, vasopressors, vasodilators, and antiarrhyth-
mics were also recorded. When several values for vital
signs were found within the same hourly record, the
most abnormal value was used. All information for this
study was extracted from the patients’ electronic medical
records.

The quality of sedation was assessed using the following
ICU sedation scale: 0—none, alert or normal sleep, easy to
arouse; 1—mild sedation, occasionally drowsy, easy to
arouse; 2—moderate sedation, frequently drowsy but easy
to arouse; and 3—severe sedation, somnolent, difficult to
arouse. Analgesia was assessed using three 0–10 pain score
scales: the crying, requires increased oxygen administra-
tion, increased vital signs, expression, and sleeplessness
(CRIES) for neonates; the facial expression, leg movement,
activity, cry, and consolability (FLACC) for children
2 months–7 years; and the numeric visual analog scale
(NVAS) for children older than 7 years [26–28]. A score of
0 was considered no pain, 1–3 as mild pain, 4–7 as moderate
pain, and 8–10 as severe pain. Targeted levels of sedation
and analgesia were 0–2 and 0–3, respectively. Episodes of
agitation reported by the attending physician or nursing
staff and the use of other sedatives and analgesics were also
recorded.

SPSS Statistic version 18 for Mac was used for sta-
tistical analysis. The continuous variables—blood
pressure, heart rate, and respiratory rate—were reported
as mean ± SD and 95% confidence interval. These results
were categorized into five age groups: group 1, 1 day to
1 month; group 2, 2 months to 2 years; group 3,
2–5 years; group 4, 5–13 years; and group 5,
13–18 years. Categorical variables were reported as fre-
quencies and percentages. Differences in the frequency of
hypertension, hypotension, tachycardia, and bradycardia
were compared using a chi-square test. Differences in
dexmedetomidine dose between children younger than
1 year and older children were compared using an
unpaired Student’s t test. The relationship between dura-
tion of dexmedetomidine infusion and weaning time was
evaluated using Spearman correlation. Differences in
weaning time between patients who received dexmede-
tomidine for 4 days versus 5 days or longer were
evaluated using the independent-samples Mann–Whitney
U test. A p value of less than 0.05 was considered
significant.
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Results

From 1 January 2008 to 1 January 2010, 87 of 505
patients who received dexmedetomidine in the CICU
received it for longer than 3 days. After excluding 25
patients (17 received clonidine during the 48 h prior to
discontinuing dexmedetomidine to decrease risk of
withdrawal symptoms, three received clonidine to treat
suspected withdrawal syndrome, two were older than
18 years, two died, and one for whom it was impossible to
obtain the clinical information), 62 remained for analysis.

Demographics are shown in Table 1 and surgical
procedures performed are shown in Table 2. Information
regarding dexmedetomidine administration is shown in
Table 3. Thirty-nine of 62 patients (63%) were younger
than 1 year old. At the moment of dexmedetomidine
discontinuation, 41 patients (66%) were spontaneously
breathing and 21 patients (34%) remained on mechanical
ventilation. Twenty-eight patients (45%) received a mean
infusion dose of dexmedetomidine greater than 0.75 lg/
kg/h and one patient received a mean dose greater than
1.3 lg/kg/h. Mean dexmedetomidine infusion dose was
0.76 lg/kg/h for children younger than 1 year of age and
0.70 lg/kg/h for older patients (p = 0.513). Twenty-three
patients (37%) received dexmedetomidine infusions for
longer than 7 days. In 44 patients (71%), dexmedetomi-
dine was weaned over a period greater than 12 h, while in
18 patients (29%) it was discontinued abruptly (14
patients, 23%) or weaned over less than 12 h (four
patients, 6%). There was a medium strength correlation
between duration of infusion and weaning time [r =
0.492, p (2-tailed) \0.001], with patients who received
dexmedetomidine for 4 days having shorter weaning
times than those who received it for 5 days or longer
(medians 24 vs. 48 h, p = 0.012). For all patients, the
infusion was discontinued in the CICU.

Within the first 12 h after discontinuation, tachycardia
was observed in 17 patients (27%). Of these, six experi-
enced tachycardia at baseline and 11 were experiencing a
new episode of tachycardia. Of the new episodes, 90%
began during the first 6 h after discontinuing dexmede-
tomidine. Episodes were more frequent in patients whose
dexmedetomidine was discontinued abruptly compared to
those who were weaned (42 vs. 14%, p = 0.045), and
tachycardia was more frequent among patients who
received dexmedetomidine for 4 days compared to those
who received it for 5 days or longer (48 vs. 17%,
p = 0.011). It was also more frequently observed in
children older than 1 year of age (61 vs. 8%, p \ 0.001).
Type of tachycardia varied among the 17 patients as
follows: eight sinus tachycardia, four atrial tachycardia,
two ectopic junctional tachycardia, two atrial flutters, and
one supraventricular tachycardia. One patient had atrial
fibrillation with fast ventricular response and became
hemodynamically unstable, requiring cardioversion. Bra-
dycardia was observed in five patients (8%), all of whom

Table 1 Patient demographics

Gender, male/female (n) 45/17 (62)
Age, months 5.2 (0.3–211.7)
Age \1 year, n (%) 39 (63)
Weight, kg 5.1 (2.2–84)
Surgery, n (%) 56 (90.3)
Intubated patients at discontinuation, n (%) 21 (33.9)

Data expressed as median and range except when specified

Table 2 Surgical procedures performed, n (%)

Ventricular assist device placement 5 (8.9)
Atrial septal defect repair 4 (7.1)
Modified Blalock–Taussig shunt 4 (7.1)
Norwood stage I 4 (7.1)
Aortic arch augmentation 3 (5.4)
Heart transplantation 3 (5.4)
Heart–lung transplantation 3 (5.4)
Hybrid procedure 3 (5.4)
Right ventricle to pulmonary artery conduit placement 3 (5.4)
Tetralogy of Fallot repair 3 (5.4)
Arterial switch 2 (3.6)
Double lung transplantation 2 (3.6)
ECMO cannulation 2 (3.6)
Mitral valve replacement 2 (3.6)
Resection of cardiac tumor 2 (3.6)
Tracheal reconstruction 2 (3.6)
Truncus arteriosus repair 2 (3.6)
Aortic root replacement 1 (1.8)
Coronary reimplantation 1 (1.8)
Mitral valve repair 1 (1.8)
Patent ductus arteriosus ligation 1 (1.8)
Resection supravalvar aortic stenosis 1 (1.8)
Superior venous cava reconstruction 1 (1.8)
Ventricular septal defect repair 1 (1.8)

ECMO extracorporeal membrane oxygenation

Table 3 Dexmedetomidine administration

Group 1
(n = 13)

Group 2
(n = 29)

Group 3
(n = 8)

Group 4
(n = 10)

Group 5
(n = 2)

Duration (days) 5.9 (4.1–13.5) 6.3 (4–19) 5 (4.6–19.7) 4.8 (4–26.2) 4.5 (4.2–4.9)
Mean infusion dose (lg/kg/h) 0.7 (0.4–1.3) 0.7 (0.3–2.1) 0.9 (0.2–1.2) 0.7 (0.3–1.1) 0.33 (0.2–0.5)
Infusion dose at discontinuation (lg/kg/h) 0.2 (0.1–1.3) 0.2 (0.1–1.1) 0.9 (0.1–1.1) 0.2 (0.1–0.8) 0.3 (0.2–0.5)
Weaning time (h) 49 (0–91) 44 (0–169) 54 (0–116) 51 (0–151) 50 (32–9)

Data are expressed as medians and range
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experienced bradycardia at baseline (three patients with
complete atrioventricular block requiring pacing and two
patients with sinus bradycardia).

Transient hypertension was seen in 22 patients (35%),
with a mean of 3.3 hypertensive episodes per patient.
Nine of these patients exhibited hypertension at baseline
and the other 13 showed new hypertensive episodes after
discontinuing dexmedetomidine. Of the nine new epi-
sodes, 46% occurred in patients whose dexmedetomidine
was discontinued abruptly and 19% in patients who were
weaned (p = 0.112). Arterial hypotension was seen in
9 patients (14%), with no episodes of hypotension at
baseline. Ten patients (16%) had episodes of both
tachycardia and hypertension. The most used cardiovas-
cular medications during the study period were milrinone
infusion (45%), angiotensin converting enzyme inhibitor
(42%), calcium chloride or calcium gluconate intermittent
infusions (29%), digoxin (18%), and amiodarone (11%).
Table 4 illustrates a complete analysis of the hemody-
namic and respiratory data.

Figures 1and 2 show the percentage of patients with a
sedation score less than 2 and an analgesia less than 4
during the 12 h following discontinuation of the dex-
medetomidine infusion. Sedation scores less than 2 were
seen in 90% or more of patients at any time point
after discontinuation. Episodes of agitation were seen in
17 patients (27%) during the first 12 h after discontinua-
tion of dexmedetomidine. Pain scores between 0 and 3
were seen in 88% of patients at the moment of infusion
discontinuation and 98% after 12 h without dexmede-
tomidine. The most frequently administered sedatives
were lorazepam (21%), chloral hydrate (14%), and
midazolam (11%). Rescue doses of fentanyl were
administered to 7 patients (11%) and morphine to three
patients (5%).

One extubated patient required reintubation during the
12 h immediately following discontinuation of dex-
medetomidine. Fifteen of the 21 patients (71%) who were
still on mechanical ventilation at the time of discontinu-
ation were successfully extubated within this time frame.

Discussion

In a previous publication from our CICU [7], we reported
our general experience with the use of dexmedetomidine
in children following cardiothoracic surgery. In the
present study, we describe the immediate changes in
hemodynamic, sedation, and pain states after suspending
prolonged infusions of dexmedetomidine in the same
population of patients. We decided to exclude patients
who received clonidine during the study period due to the
fact that its a2-adrenoceptor agonist effect may impact
expected changes in the variables of interest after dis-
continuing the dexmedetomidine infusion. T
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The results of the present study indicate that episodes
of tachycardia, hypertension, and agitation are frequently
observed when pediatric CICU patients are subject to
discontinuation of prolonged infusions of dexmedetomi-
dine. Although there are several potential explanations for
the hemodynamic changes seen in our patients (primary
cardiac disease, pain, inadequate sedation, bleeding,
fever, and cardiac medications among others), we spec-
ulate that these changes may be directly related to the
discontinuation of dexmedetomidine. Analgesia seemed
adequate based on the low pain scores and the minimal
need for rescue doses of narcotics (16%), there were no
significant changes in the infusion of cardiac drugs for the
majority of patients during the occurrence of these events,
and although episodes of agitation were frequent, they did
not occur in the same patients who presented episodes of
tachycardia and hypertension (only two patients in each
group experienced agitation simultaneously with tachy-
cardia or hypertension).

The typical hemodynamic profile of dexmedetomidine
administration at the usual clinical dose is characterized
by reduction of HR and blood pressure (BP) [29, 30]. This
decrease in HR and BP is the result of dexmedetomidine
acting on a2A-adrenoceptors in the vasomotor centers
of the brainstem, specifically the rostral ventrolateral

medulla (RVLM) [30] and the presynaptic postganglionic
sympathetic fibers, which results in central and peripheral
sympatholysis [11, 29, 31–34]. Although some degree of
increase in HR and BP should be normally expected after
discontinuation of a dexmedetomidine infusion, the
magnitude and clinical impact of such an increase has not
yet been described. The increase in HR and BP that
we observed may be explained by the hyperadrenergic
state that follows dexmedetomidine discontinuation. Ten
patients experienced combined episodes of tachycardia
and hypertension. The combined effects of increased HR
and systemic vascular resistance (SVR) may not be well
tolerated by patients with limited cardiovascular reserve,
as in the case of pediatric cardiac patients who are
especially susceptible to the secondary effects of tachy-
cardia, including increase in myocardial oxygen
consumption, decrease of coronary reserve, predisposition
to arrhythmias, decrease in diastolic filling, and decrease
in myocardial reserve [7].

There are several interesting findings in this retro-
spective case series that we would like to highlight. First,
the mean infusion dose of dexmedetomidine used in this
cohort of patients was higher than that reported in similar
studies (0.74 vs. 0.35 lg/kg/h in our previous study) [7].
The aforementioned difference may be due to the exten-
ded period of administration of dexmedetomidine, which
may have caused patients to develop some degree of
tolerance to the drug, therefore requiring a higher dose. It
is also important to note that the high infusion dose of
dexmedetomidine used in this population of patients may
have contributed to the relatively high frequency of
hypertension, tachycardia, and agitation found after dis-
continuation of dexmedetomidine.

Second, we found that episodes of tachycardia were
more frequent in children older than 1 year of age.
Although the exact cause of this finding is not totally
understood, it is known that there are important differ-
ences in the autonomic nervous system during infancy as
compared to childhood [35–37]. When the sympathetic
nervous system of older children or adults is blocked (by
spinal anesthesia or dexmedetomidine), heart rate and
blood pressure are primarily controlled by the ‘‘unop-
posed’’ parasympathetic nervous system, which results in
a significant decrease in both values. However, since
infants and younger children do not have a fully devel-
oped parasympathetic system, they do not show the same
magnitude of decrease in heart rate and blood pressure.
Thus, when the blockage over the sympathetic system is
released, older children go from a lower value (para-
sympathetic regulated) of heart rate and blood pressure to
a basal one (dually regulated—sympathetic and para-
sympathetic), showing an important change in the value.
In contrast, younger children, who never experienced a
large drop in heart rate or blood pressure, do not have a
large increase in these values when the sympathetic ner-
vous system returns to normal. At the molecular level, it

Fig. 1 Percentage of patients with sedation score less than 2 over
time

Fig. 2 Percentage of patients with pain score less than 4 over time
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has been found that response to catecholamines is not
equal in neonates and older children or adults. The high
sympathetic tone present in the neonatal age produces an
upregulation of the most active forms of stimulating G
proteins in the cardiac myocytes, in contrast to the
downregulating effect seen during adulthood. This may
be a protective mechanism to ensure adequate sympa-
thetic stimulation in situations where there are low levels
of circulating catecholamines and may also explain the
maintenance of near normal heart rate and blood pressure
values in spite of dexmedetomidine infusion.

Third, the higher frequency of tachycardia seen in
patients with 4-day dexmedetomidine infusions compared
to longer duration infusions was totally unexpected.
However, based on the positive correlation found between
the duration of the infusion and the weaning time, and the
fact that patients who received dexmedetomidine infu-
sions for 4 days had shorter weaning times, it is likely that
they were not weaned as cautiously as those who received
longer infusions.

Finally, arrhythmia was another frequently observed
outcome upon discontinuation of dexmedetomidine. In a
recent study of children after cardiac surgery, Chryso-
stomou et al. [9] showed that dexmedetomidine has a
potential antiarrhythmic role in the treatment of atrial and
junctional tachyarrhythmias. Moreover, Hammer et al.
[38] described how dexmedetomidine depressed sinus and
atrioventricular nodal function in children undergoing
electrophysiologic study and ablation of supraventricular
accessory pathways. It is not yet clear if these potential
antiarrhythmic effects of dexmedetomidine are due to a
direct action on the heart’s conduction system, the result
of decreasing plasma concentration of catecholamines,
the effect on the central nervous system through its
sympatholytic and sympathomimetic effects, or all the
aforementioned [39].

With regard to prolonged infusions of dexmedetomi-
dine, Walker et al. [40] studied the quality of sedation and
glycemic profile of dexmedetomidine in 65 pediatric burn
patients in the ICU, reporting an average length of infu-
sion as 11 days and mean dose as 0.5 lg/kg/h. They did
not, however, find rebound hypertension or withdrawal
after weaning the infusion over the course of 12–24 h. To
our knowledge there have not been any studies published
describing discontinuation of prolonged infusions of
dexmedetomidine in pediatric cardiac patients.

Study limitations

1. Its retrospective nature does not allow us to affirm that
the observed changes were due to the discontinuation
of dexmedetomidine.

2. There are several potential confounding variables in
this population of pediatric cardiac patients that might
account for the changes observed.

3. Since there is no standardized protocol for discontinu-
ing dexmedetomidine in our CICU, it was impossible
to exactly describe the weaning process from dex-
medetomidine in a retrospective fashion.

4. The study included a relatively small number of
patients; a larger subject population may have shown
more pronounced hemodynamic changes.

5. As a result of the limited data points captured by the
electronic medical record in our unit, the exact
duration of episodes of tachycardia, bradycardia,
hypertension, and hypotension were not possible to
determine.

Conclusions

Our study suggests that tachycardia, transient hyperten-
sion, and agitation are frequently observed in pediatric
cardiac patients after discontinuing prolonged infusions of
dexmedetomidine. Tachycardia was more frequent among
children older than 1 year of age, those who received
infusions lasting 4 days versus longer durations, and those
whose infusion was abruptly discontinued. Although there
are several possible causes for the observed changes, they
could be related to the hyperadrenergic state experienced
upon discontinuation of dexmedetomidine infusions.
Prospective and randomized pediatric studies should be
conducted to evaluate tolerance of and withdrawal from
prolonged infusions of dexmedetomidine.
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