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Objective:	To	determine	whether	 long-term	dexmedetomidine	
dosing	 is	 associated	 with	 lower	 opioid	 and	 benzodiazepine	
use	without	 risk	 of	 significant	 hemodynamic	 changes	 and/or	
withdrawal.
Design:	Retrospective,	observational	study.
Setting:	PICU,	cardiovascular	ICU,	and	neonatal	ICU	in	a	single,	
tertiary	care,	academic	children’s	hospital.
Subjects:	We	included	all	patients	less	than	or	equal	to	21	years	
old,	who	received	dexmedetomidine	for	greater	than	or	equal	to	
72	hours	from	December	2008	to	December	2010	resulting	in	a	
98-subject	cohort.
Interventions:	None.
Measurement and Main Results:	 The	median	duration	of	 dexme-
detomidine	use	was	141	hours.	A	decrease	in	systolic	blood	pres-
sure	and	heart	rate	was	seen	after	 initiation	of	dexmedetomidine.	
After	dexmedetomidine	was	discontinued,	systolic	blood	pressure	
was	statistically	 significantly	 higher	 than	baseline.	Similarly,	 heart	
rate	showed	a	significant	increase	from	baseline	following	discon-
tinuation	of	dexmedetomidine.	Starting	dexmedetomidine	was	not	
associated	with	a	significant	difference	in	the	dosing	of	opiates	or	
benzodiazepines.	Comfort	scores	were	significantly	lower	at	2	and	
72	hours	of	dexmedetomidine	infusion.	After	stopping	dexmedeto-
midine,	 the	comfort	 score	 for	patients	 at	1	hour	was	statistically	
higher	than	for	patients	at	cessation	of	the	infusion.	Thirty	percent	of	
patients	who	were	taken	off	dexmedetomidine,	whether	weaned	or	
abruptly	stopped,	had	withdrawal	symptoms	and	scores	recorded	
with	agitation,	tremor,	and	decreased	sleep	being	most	prominent.
Conclusions:	Hemodynamic	effects	of	dexmedetomidine	did	not	
limit	 long-term	 use	 in	 this	 diverse	 population.	 After	 the	 addi-
tion	of	dexmedetomidine,	opioid	and	benzodiazepine	doses	did	

not	significantly	escalate,	and	patients	were	more	comfortable	
as	evidenced	by	decreasing	comfort	scores.	Withdrawal	 from	
dexmedetomidine	may	be	an	issue	and	manifests	as	agitation,	
tremors,	and	decreased	sleep.	 (Pediatr Crit Care Med 2014; 
15:706–714)
Key Words:	 benzodiazepines;	 critically	 ill;	 dexmedetomidine;	
opiates;	pediatrics;	prolonged	infusion;	withdrawal

Sedation in the PICU is vital for patient comfort and to 
facilitate care delivery. The use of dexmedetomidine 
hydrochloride (Precedex; Hospira, Lake Forest, IL), a 

selective α2-adrenoreceptor agonist, has increased in pediatrics 
as an adjunct to traditional sedation regimens and has become 
increasingly used as a primary sedative. The therapeutic effects 
of dexmedetomidine are mediated throughout the CNS: with 
the sedative and anxiolytic effects resulting from its activity in 
the locus ceruleus and the analgesic effects from the dorsal horn 
of the spinal cord (1–3). These actions result in sedation, anx-
iolysis, and analgesia coupled with minimal concern for respi-
ratory depression (3). Becasue of its sympatholytic activity, the 
most significant adverse reactions associated with dexmedeto-
midine use are hypotension and bradycardia (2).

Despite its popularity in the pediatric population, dexme-
detomidine only has Food and Drug Administration approval 
for use in adults for up to 24 hours. Most data concerning 
pediatric use of dexmedetomidine remain centered on the 
use for less than 72 hours (4–16). There are few reports and 
case studies with small subject numbers describing the safety 
of dexmedetomidine with average use longer than 72 hours 
(17–23), and fewer that highlights possible withdrawal and 
rebound symptoms (17, 18, 23).

Our original dexmedetomidine policy at Seattle Children’s 
Hospital, Seattle, WA, limited its use to 24 hours. As comfort 
increased with the use of the drug and its known side effects, 
the use expanded beyond these confines. This shift in clinical 
practice and experience with agitation after discontinuation of 
dexmedetomidine infusions prompted us to design this study 
to describe the hemodynamic variables, comfort scores, opi-
oid and benzodiazepine use, and withdrawal symptoms during 
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initiation, after 72 hours of use and up to 48 hours after dis-
continuation of dexmedetomidine.

MATERIALS AND METHODS

Study Design and Setting
The study was approved by the Institutional Review Board of 
Seattle Children’s Hospital, which waived the need for informed 
consent. We performed a retrospective, observational study of 
patients in the PICU, cardiac ICU, and neonatal ICU at Seattle 
Children’s between December 1, 2008, and December 1, 2010. 
Unit protocols at the time of this study included starting dose of 
0.2 μg/kg/hr, max dose of 0.7 μg/kg/hr, and use for up to 48 hours 
unless approved by the unit medical director for longer duration.

Study Population
We included all patients less than 21 years old who had received a 
continuous infusion of dexmedetomidine longer than 72 hours. 
Exclusion criteria include greater than or equal to21 years, inability 
to obtain clinical information, or discontinuation of dexmedeto-
midine for any length of time during the first 72 hours. Patients 
were identified using our information technology database, dis-
cern analysis, that enabled us to identify patients with pharmacy 
charges for dexmedetomidine use longer than 72 hours.

Data Collection
Each patient’s record was searched for major diagnosis and sur-
gical procedures. Indication for starting dexmedetomidine, ini-
tiation and discontinuation times, initial and maximum dose, 
duration of use, and the utilization of dexmedetomidine wean 
were recorded. Blood pressure and heart rate (HR) were recorded 
for each patient at initiation (considered baseline), 30 minutes 
and 1, 2, and 72 hours of use, as well as at discontinuation, 30 
minutes and 1, 2, 4, 24, and 48 hours after discontinuation. These 
intervals were chosen given the mean distribution half-life of 
approximately 10 minutes, duration of action of 4 hours, and the 
terminal elimination half-life of 2.7 hours (13, 22).

Given recent work in our institution on sedation protocols by 
Deeter et al (24), we used our established Seattle PICU Comfort 
Score to assess depth of sedation (Table 1). This sedation pro-
tocol was used in both the PICU and the cardiac ICU (CICU), 

whereas the newborn ICU (NICU) had an adjusted regimen. The 
typical progression of sedation in the PICU and CICU was opi-
oid infusion and as needed intermittent benzodiazepine dosing. If 
increased sedation was needed, our sedation protocol instructed 
the addition of a benzodiazepine infusion. After this addition, 
it was physician preference whether to add a dexmedetomidine 
infusion or to increase both opioid and benzodiazepine infusion 
doses. The NICU protocol was similar with the exception that 
benzodiazepine infusions were not recommended.

Dexmedetomidine infusions were noted to either be weaned 
off or stopped abruptly. There was not a dexmedetomidine unit 
protocol or common practice at the time of this study. In regards 
to opioid and benzodiazepine weaning, it was unit practice to 
stop the infusions abruptly if on for less than 5 days or wean 
daily by 20% of the maximum daily dose every day if on for 5–10 
days. For those on for greater than 10 days, the opioid and ben-
zodiazepine infusions were typically weaned by 10% on alter-
nating days. However, there was variability based on provider 
preference and patient tolerance of wean. There was no protocol 
in place directing which agent should be weaned or discontin-
ued first. However, dexmedetomidine was typically discontin-
ued first, but there was variability among providers. Withdrawal 
scores were assessed using the Opioid and Benzodiazepine 
Withdrawal Score (25). Withdrawal scores were assessed on 
any patient receiving any form of opioid or benzodiazepine for 
greater than 5 days or if there was provider concern of with-
drawal symptoms during the weaning of sedation.

Daily total opioid and benzodiazepine dose from the day 
before dexmedetomidine initiation to 48 hours after dexme-
detomidine discontinuation was recorded and calculated as 
intravenous morphine and lorazepam equivalents. To assess 
significance of hemodynamic variability, vasoactive medica-
tion dosing was recorded at initiation, throughout dexme-
detomidine administration, and after discontinuation. The 
use of atropine for bradycardia or saline bolus for hypotension 
within 4 hours of dexmedetomidine initiation was recorded. 
The addition of any antihypertensive within 48 hours after 
dexmedetomidine discontinuation and the addition of cloni-
dine at any time during dexmedetomidine use were also noted.

Statistical Analysis
Basic descriptive statistics for patient characteristics are pre-
sented as proportions for categorical variables and median and 
range for continuous variables. Paired-sample t tests were used 
to estimate the mean difference in blood pressure, HR, and 
comfort score after initiation and discontinuation of dexme-
detomidine at the various time points noted above. Wilcoxon 
matched-pairs signed-rank tests were used to compare daily 
total cumulative opiate and benzodiazepine dosing. Statistical 
analyses were performed using Excel and Stata software, ver-
sion 10 (StataCorp LP, College Station, TX).

RESULTS
Patients who received dexmedetomidine for greater than or equal 
to 72 hours numbered 114. After excluding 16 patients (14 had 
dexmedetomidine paused during the 72 hours, and two patients 

TAbLE 1.  Sedation Score Used to Assess and 
Treat Patient Level of Sedation/Comfort

Score Signs and Symptoms

0 Neuromuscular blockade

1 Heavily sedated/unconscious

2 Sleepy/calm/arousable

3 Tearing/restless/fussy

4 Anxious/crying/not calm

5 Agitated/crying/tense

6 Dangerous/restraints needed
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for whom we could not locate clinical information), 98 remained 
for analysis. Of these 98 patients, 11 died while on dexmedetomi-
dine. These patients did not contribute data pertaining to discon-
tinuation of dexmedetomidine and withdrawal symptoms.

Median age was 3.8 years with nearly even gender distribution 
(Table 2). Forty six of the patients were treated in the PICU, 13 
in the NICU, and 39 in the CICU. Sixty-five percent had under-
gone a surgical procedure, predominantly cardiac surgery (Table 
3). Most children (92%) were started on dexmedetomidine for 
increased sedation need. Median duration of dexmedetomidine 
use was 141 hours (Table 4). Eleven of 98 patients died while on 
dexmedetomidine, and upon review it was felt that dexmedeto-
midine was not a contributing factor to these deaths. Of these 
patients, the median length of dexmedetomidine infusion was 
336 hours (Table 5). Of the remaining 87 patients, 52 (60%) were 
extubated while on dexmedetomidine, 30 (34%) remained intu-
bated after dexmedetomidine discontinuation, three were never 
intubated, and two had pre-existing tracheostomies. Sixty-three 
(72%) of the 87 patients were weaned off dexmedetomidine 
while 24 (28%) had infusions stopped abruptly. Weaning was 
not dictated as a policy, and the choice to wean off dexmedeto-
midine infusion versus stop abruptly was made by the attending 
physician, in conjunction with the clinical pharmacist. Because 
of the lack of a weaning policy for dexmedetomidine, the wean-
ing regimen was not standard and varied widely. Starting dose 
of dexmedetomidine for all patients was 0.2 μg/kg/hr and in 90 
patients (92%) the dose increased to the unit maximum 0.7 μg/
kg/hr during their course. Eighty-five patients (87%) increased 
to the unit maximum dose within the first 24 hours of dexme-
detomidine infusion. Two patients received infusions beyond 0.7 
μg/kg/hr (1 and 1.5 μg/kg/hr) both of whom were on dexme-
detomidine for greater than 30 days.

A statistically significant decrease in systolic blood pressure 
(SBP) from baseline was seen at 1, 2, and 72 hours after initia-
tion of dexmedetomidine (p = 0.022, 0.004, 0.027, respectively) 
(Table 6). Diastolic blood pressure (DBP) did not change sig-
nificantly with initiation and prolonged use. HR dropped sig-
nificantly from baseline at 1, 2, and 72 hours after initiation (p 
≤ 0.001 for each comparison). Because of hypotension, seven 
of 98 patients (7%) received a saline bolus within 4 hours of 
starting the dexmedetomidine infusion. Atropine was never 

required. No patients had the dexmedetomidine infusion 
stopped becasue of hemodynamic instability. Vasoactive infu-
sions (including milrinone, epinephrine, dopamine, dobuta-
mine, vasopressin, nitroprusside, nicardipine, and esmolol) 
were recorded during initiation of dexmedetomidine, and 
there was no statistically significant change in these infusions.

After cessation of the dexmedetomidine infusion, SBP rose 
statistically significantly higher at 1, 4, and 24 hours after dis-
continuation (p = 0.027, 0.034, 0.028, respectively) (Table 7). 
Discontinuation of dexmedetomidine was associated with a 
higher DBP at 30 minutes and 4 hours after infusion (p = 0.005 

TAbLE 2.  Demographics of All Patients Who 
Received Dexmedetomidine for Greater 
Than 72 Hours

Gender (men), n (%) 48 (49)

Age (yr) 3.8 (0.04–17)

Weight (kg) 6.85 (1.6–102)

Surgery, n (%) 64 (65)

Intubated at discontinuation, n (%) 30 (34)a

Withdrawal scores used, n (%) 26 (30)a

aOf	the	87	surviving	patients.
Data	expressed	are	median	and	range	except	where	specified.

TAbLE 3. Procedures Performed While 
Patient Was on Dexmedetomidine

Procedure n (%)

None 34 (35)

Extracorporeal membrane oxygenation  
cannulation

14 (14)

Cardiac 4/14 (29)

Noncardiac 10/14 (71)

Cardiac 27 (28)

General 11 (11)

Congenital diaphragmatic hernia 1 (1)

Orthopedic 1 (1)

Plastic surgery 2 (2)

Solid organ transplantation 3 (3)

Otolaryngology 3 (3)

Neurosurgery 2 (2)

TAbLE 4.  Dexmedetomidine Administration

Indication for starting dexmedetomidine

  Increased sedation needs, n (%) 90 (92)

  Facilitate extubation, n (%) 5 (5)

  Wean opiates, n (%) 3 (3)

Duration (hr) 141 (72–2,472)

Patients weaned off vs abrupt  
discontinuation, n (%)

63 (64)

Maximum infusion dose (μg/kg/hr) 0.7 (0.5–1.5)

Duration of intubation before 
dexmedetomidine (hr)

116 (2–4,607)

Duration of intubation after  
dexmedetomidine (hr)

133 (0.3–1,710)

Antihypertensive added within 48 hr  
after dexmedetomidine, n (%)

9 (10)

Saline bolus within 4 hr, n (%) 7 (7)

Atropine used within 72 hr, n (%) 0 (0)

Data	expressed	are	median	and	range	except	where	specified.



Feature	Articles

Pediatric	Critical	Care	Medicine	 www.pccmjournal.org 709

and 0.006). HR was significantly higher at 30 minutes and 2, 
4, 24, and 48 hours after infusion (p = 0.01, 0.006, <0.001, 
0.002, 0.03, respectively). No statistically significant change 
was made to vasoactive infusions after stopping dexmedeto-
midine. Antihypertensives, excluding clonidine, were started 
in nine of 87 patients (10%) within 48 hours of discontinuing 
dexmedetomidine; however, six of those patients had cardiac 
lesions that would typically be treated with antihypertensives. 
Fifteen of 87 patients (17%) received clonidine at the time 
of dexmedetomidine discontinuation. Five of those patients 
(33%) received clonidine before initiation of dexmedetomi-
dine as this was a baseline medication before hospitalization, 
whereas the other 10 patients (67%) had clonidine added to 
facilitate tapering of dexmedetomidine and to attenuate with-
drawal symptoms.

Our data did not show significantly lower doses of opioids or 
benzodiazepines after initiation of dexmedetomidine (Table 8).  
Opioid use on the day before dexmedetomidine initiation was 

statistically significantly lower when compared with the day of 
dexmedetomidine initiation (p = 0.015). Opioid use 24 and 48 
hours after discontinuation of dexmedetomidine was also sta-
tistically significantly lower when compared with dosing on the 
day of discontinuation (p = 0.008 and 0.0001) (Table 9). The 
only statistically significant lowering in benzodiazepine dose 
was seen at 48 hours after discontinuation of dexmedetomi-
dine (p = 0.022). The comfort scores were significantly lower 
at 2 and 72 hours of dexmedetomidine infusion (p = 0.007, 
0.001, respectively) (Table 6). After stopping dexmedetomi-
dine, the comfort score at 1 hour was statistically higher than 
at cessation of the infusion, indicating a less sedated patient (p 
= 0.030) (Table 7).

Once started on dexmedetomidine infusion, 12 of 98 of the 
patients (12%) required no increase in opioid daily dosing. 
Of the 86 patients who required increase in their opioid dos-
ing after initiation of dexmedetomidinedexmedetomidine, 20 
(23%) reached their maximum dose of opioid on day 1 of DEX 

TAbLE 6.  Mean Change From Initiation of Dexmedetomidine for Paired Samples (95% CI)

Time After  
Dexmedetomidine 
Start

Heart Rate  
(beats/Min)

Systolic blood  
Pressure (mm Hg)

Diastolic blood  
Pressure (mm Hg) Cardiac Surgery

30 min –1.7 (–4.7 to 1.2) –0.9 (–3.1 to 1.3) 0.7 (–1.5 to 2.8) –0.3 (–0.6 to 0.004)

1 hr –5.8 (–8.9 to –2.7)a –3.3 (–6.1 to –0.5)a –0.7 (–2.6 to 1.2) –0.2 (–0.5 to 0.2)

2 hr –7.6 (–11.1 to –4.0)a –4.5 (–7.5 to –1.5)a –1.0 (–3.2 to 1.2) –0.4 (–0.7 to –0.1)a

72 hr –16.1 (–21.4 to –10.7)a –3.7 (–7.1 to –0.4)a –1.8 (–4.4 to 0.8) –0.6 (–0.9 to –0.2)a

ap	<	0.05	(paired	t-test).

TAbLE 5. Demographics of Patients Who Died on Dexmedetomidine Infusion

Age/Race Primary Diagnosis Cause of Death
Time on  

Dexmedetomidine (Hr)

5 mo/male Severe combined immunodeficiency 
disorder, s/p bone marrow transplant

Respiratory failure—human 
metapneumovirus

288

7 mo/female Alagille syndrome Liver failure 504

14 yr/male Hypoplastic left heart syndrome  
s/p Fontan

Heart failure 864

20 d/female Left congenital diaphragmatic hernia Respiratory failure—ECMO 82

2 yr/female Hepatoblastoma Respiratory failure—viral 
illness

168

1 mo/female Pertussis pneumonia Gram-negative rod  
sepsis—ECMO

384

38 wk/male Unknown genetic disorder Pneumonia/sepsis—ECMO 116

11 d/female Pulmonary hypoplasia Respiratory failure—ECMO 386

17 yr/male Hunter syndrome Aortic valve regurgitation 140

6 wk/male History total anomalous pulmonary 
venous return, pulmonary 
hypertension

Respiratory failure— 
viral illness

600

16 d/male Left congenital diaphragmatic hernia Respiratory failure—ECMO 336

s/p	=	status	post,	ECMO	=	extracorporeal	membrane	oxygenation.



Whalen et al

710 www.pccmjournal.org	 October	2014	•	Volume	15	•	Number	8

infusion, 18 (21%) on day 2, 14 (16%) on day 3, seven (8%) on 
day 4, and six (7%) on day 5 of dexmedetomidine infusion. The 
median increase from baseline opioid dose was 33%. Nineteen 
(22%) reached their maximum dose of opioid on or after day 6 
of dexmedetomidine with a median dose increase of 78% from 
baseline. The median length of treatment for patients who had 
no increase in opioid after dexmedetomidine infusion was 
started at 5 days. For those who had their maximum opioid 
dose on days 2–5 of dexmedetomidine infusion, the median 
length of treatment was 6 days. For the patients who reached 
their maximum opioid dose on or after day 6 of dexmedetomi-
dine infusion, the median length of treatment was 14 days. Two 
patients were weaned off of all opioids before discontinuation 
of dexmedetomidine infusion, and the median length of treat-
ment for this group was 4.5 days. Once off of dexmedetomi-
dine infusion, 22 of 89 patients (25%) required an increase in 
their daily opioid dose (14% dose increase), whereas 65 (66%) 
continued to wean off of opioids.

Benzodiazepine dosing was affected similar to opioid 
dosing for patients on dexmedetomidine infusions, except 
that more patients were able to wean off of benzodiazepines 
before discontinuation of dexmedetomidine infusions (14 of 
89, 16%). Twenty-four percent of patients (24 of 98) required 
no increase in benzodiazepine daily dose after initiation of 
dexmedetomidine infusion. Of the 74 patients who required 
increase in their benzodiazepine dosing after initiation of 
dexmedetomidine, nine (12%) reached their maximum dose 
of benzodiazepine on day 1 of dexmedetomidine infusion, 
12 (16%) on day 2, six (8%) on day 3, 13 (18%) on day 4, 
and nine (12%) on day 5 of dexmedetomidine infusion. The 
median increase from baseline benzodiazepine dose was 42%. 
Twenty-five (34%) reached their maximum dose of benzodi-
azepine on or after day 6 of dexmedetomidine with a median 
increase of 61% from baseline. The median length of treat-
ment for patients who had no increase in benzodiazepine after 
dexmedetomidine infusion was started at 6 days. For those 

TAbLE 7.  Mean Change From Dexmedetomidine Discontinuation in Paired Samples  
(95% CI, p value)

Time After Stop of 
Dexmedetomidine

Heart Rate  
(beats/Min)

Systolic blood  
Pressure (mm Hg)

Diastolic blood  
Pressure (mm Hg) Cardiac Surgery

30 min 7.0 (1.7 to 12.2)a 4.4 (–0.6 to 9.4) 6.0 (1.9 to 10.0)a 0.1 (–0.04 to 0.3)

1 hr 2.7 (–2.2 to 7.7) 4.9 (0.6 to 9.2)a 1.3 (–1.5 to 4.1) 0.2 (0.02 to 0.4)a

2 hr 6.4 (1.9 to 10.9)a 4.0 (–0.6 to 8.6) 2.1 (–1.3 to 5.5) 0.01 (–0.2 to 0.2)

4 hr 8.8 (3.9 to 13.7)a 4.4 (0.3 to 8.4)a 4.1 (1.2 to 7.0)a 0.02 (–0.1 to 0.2)

24 hr 8.1 (3.1 to 13.1)a 4.0 (0.5 to 7.6)a 0.4 (–3.1 to 3.9) —

48 hr 5.8 (0.5 to 11.1)a 1.8 (–2.3 to 5.8) 0.2 (–3.2 to 3.5) —
ap	<	0.05	(paired	t	test).
Dashes	indicate	no	data.

TAbLE 8. Daily Morphine and Lorazepam Equivalents Around the Time of Initiation  
of Dexmedetomidine

Daily Dose (mg/kg/d), Median (IQR)
Comparison With Day Start  

Dexmedetomidine, pa

Morphine equivalents

  Day before dexmedetomidine 1.60 (0.80, 2.67) 0.015

  Day start dexmedetomidine 1.74 (1.01, 2.91) —

  Day 1 dexmedetomidine 1.73 (1.05, 2.65) 0.588

  Day 3 dexmedetomidine 1.88 (1.10, 2.76) 0.605

Lorazepam equivalents

  Day before dexmedetomidine 0.65 (0.23, 1.44) 0.804

  Day start dexmedetomidine 0.75 (0.31, 1.26) —

  Day 1 dexmedetomidine 0.71 (0.29, 1.30) 0.186

  Day 3 dexmedetomidine 0.89 (0.28, 1.52) 0.375

IQR	=	interquartile	range.
aWilcoxon	matched-pairs	signed-rank	test.
Dashes	indicate	it	is	the	day	started	with	no	comparison.
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who had their maximum benzodiazepine dose on days 2–5 of 
dexmedetomidine infusion, the median length of treatment 
was 5 days. For the patients who reached their maximum opi-
oid dose on or after day 6 of dexmedetomidine infusion, the 
median length of treatment was 13 days. After discontinuation 
of dexmedetomidine infusion 25 of 89 patients (28%) required 
an increase in the daily benzodiazepine dose (21% increase), 
whereas 49 (56%) continued to wean. Fourteen patients (16%) 

were weaned off of benzodiazepine before dexmedetomidine 
infusion was discontinued, and the median length of treatment 
for these patients was 5 days.

Of the 87 patients who did not die, 26 (30%) had withdrawal 
scores and symptoms recorded, the other 61 patients were 
not formally assessed for withdrawal symptoms (Table 10).  
These patients had a median duration of use of 178 hours 
when compared with that of 123 hours for those without 
withdrawal scores recorded. Of the 26 patients, 18 (69%) were 
weaned off of dexmedetomidine. The most common with-
drawal score at 24 and 48 hours after discontinuation was 11 
(range, 0–16). Of patients weaned off dexmedetomidine, the 
most common withdrawal score at 24 hours was 3 (2–14) and 
at 48 hours was 4 (0–12). Seventeen of 26 patients (65%) had 
agitation recorded as a withdrawal symptom, 10 of 26 (38%) 
had tremors, and 14 of 26 (54%) exhibited decreased sleep. 
Patients who exhibited withdrawal symptoms were treated 
with the increase in opioid or benzodiazepine dosing or had 
clonidine added if dexmedetomidine withdrawal was a con-
cern to the provider.

DISCUSSION
We report the use of dexmedetomidine infusion in critically 
ill infants and children at doses of 0.2–0.7 μg/kg/hr for a 
median duration of 141 hours. The major findings from our 
study include 1) prolonged infusions of dexmedetomidine 
can be tolerated safely and are associated with minimal clini-
cally significant hemodynamic effects, 2) dexmedetomidine 
infusions may decrease the overall opioid and benzodiazepine 
burden, and 3) prolonged infusions of dexmedetomidine may 
be associated with rebound tachycardia, hypertension, and 
withdrawal symptoms with rapid discontinuation, suggesting 
a need for weaning of the infusion.

Many adult studies have demonstrated the safety of dex-
medetomidine use longer than 24 hours (26–29), and limited 
pediatric studies show a similar safety profile of long-term 

TAbLE 10. Recorded on 26 Patients Who Were 
Taken Off of Dexmedetomidine (Withdrawal 
Score Was based on the Opioid and 
benzodiazepine Withdrawal Score)

Withdrawal Signs and Symptoms
Number of  

Patients

Withdrawal scores, median (range)

  24 hr 11 (2–14)

  48 hr 11 (0–16)

Agitation 17 (65)

Tremors 10 (38)

Increased secretions 7 (27)

Emesis 3 (12)

Diarrhea 5 (19)

Decreased sleep 14 (54)

Increased sleep 4 (15)

Increased tone 4 (15)

Diaphoresis 2 (8)

Increased temperature 4 (15)

Hallucination 1 (4)

Data	expressed	are	total	number	and	percentage	except	when	specified.

TAbLE 9. Daily Morphine and Lorazepam Equivalents Around the Time of Discontinuation 
of Dexmedetomidine

Daily Dose (mg/kg/d)   
Median (IQR)

Comparison With Day Stop  
Dexmedetomidine pa

Morphine equivalents

  Day stop dexmedetomidine 1.15 (0.60, 2.30) —

  Day 1 off dexmedetomidine 0.96 (0.30, 2.40) 0.008

  Day 2 off dexmedetomidine 0.83 (0.30, 2.15) 0.0001

Lorazepam equivalents

  Day stop dexmedetomidine 0.34 (0.10, 1.13) —

  Day 1 off dexmedetomidine 0.34 (0, 1.0) 0.163

  Day 2 off dexmedetomidine 0.37 (0, 0.90) 0.022

IQR	=	interquartile	range.
aWilcoxon	matched-pairs	signed-rank	test.
Dashes	indicate	it	is	the	day	started	with	no	comparison.
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dexmedetomidine to that of adults (8, 10, 12, 20, 22). Our 
study mirrors the findings of both the adult and the pediat-
ric data. Known hemodynamic effects, such as decrease in HR 
and blood pressure, were noted on initiation of dexmedeto-
midine. However, only seven patients (7%) received normal 
saline bolus and none needed adjustment in their cardiovas-
cular medications, suggesting that the clinical significance of 
the hemodynamic changes is minimal and long-term infusion 
is well tolerated. This could be because of our avoidance of a 
loading dose or the overall low infusion dose when compared 
with current practice. Unlike other pediatric studies (26, 30, 
31), the only statistically significant decrease in opioid and 
benzodiazepine use was after discontinuation of dexmedeto-
midine, suggesting an overall wean off of sedative medications.

The majority of our patients did require an increase in 
opioid (88%) and benzodiazepine (76%) dosing, despite the 
initiation of dexmedetomidine infusion. We argue that this 
could be anticipated on the day of dexmedetomidine initiation 
because most of our patients were treated with dexmedeto-
midine because of increased sedation needs. Of the patients 
who reached their maximum opioid and benzodiazepine doses 
after day 1 of dexmedetomidine infusion, 24 (of total 41, 59%) 
had an initial decrease in opioid and benzodiazepine need. We 
speculate that the initial decline, then subsequent increase, 
could be because of tachyphylaxis to either the traditional 
sedation regimen or to the dexmedetomidine infusion. Further 
suggesting this phenomenon are those patients who reached 
their maximum opioid and benzodiazepine dose after 6 days of 
dexmedetomidine infusion as they were on dexmedetomidine 
twice as long as the patients and had a higher increase opioid 
and benzodiazepine dosing.

With one quarter of our patients requiring increased opi-
oid and benzodiazepine doses after dexmedetomidine discon-
tinuation, this could suggest that this is because of the lack of 
dexmedetomidine effect. This must be noted cautiously, how-
ever, as it may indicate treatment for withdrawal symptoms. 
Comfort scores were significantly lower with initiation of dex-
medetomidine, suggesting that dexmedetomidine did aid in 
increasing patient comfort. It should be noted that during our 
study, the average maximum infusion dose was 0.7 μg/kg/hr, 
which, when compared with more recent practice, would be 
considered low dose. This may explain our lack of statistically 
significant changes in opioid and benzodiazepine daily dosing, 
given that there are data supporting high-dose dexmedetomi-
dine infusion when compared with low-dose when attempting 
to decrease opioid burden (32).

Of the previous pediatric studies noted, the one by Czaja and 
Zimmerman (12) most closely resembles our study in num-
ber and unit use of dexmedetomidine infusion. Interestingly, 
this study showed a higher rate of hemodynamic side effects 
and a statistically significant decrease in opioid and benzodi-
azepine use with the initiation of dexmedetomidine infusions 
when compared with our work. Possible reasons for this differ-
ence could be the earlier date of their study in general, which 
may have been associated with less experience with the drug 
and less tolerance of the hemodynamic side effects, as noted 

in their discussion. Dexmedetomidine use and the hemody-
namic effects had been well described by 2008, and this could 
have increased comfort among our providers to “wait out” the 
decrease in HR and blood pressure. It is also possible that by 
design of our study, we selected patients who better tolerated 
the drug, as they had to be on the dexmedetomidine infusion 
for greater than or equal to 72 hours, and did not include study 
patients who may have had more hemodynamic side effects 
causing cessation of the dexmedetomidine infusion earlier. 
Their study also shows an impressive decrease of opioid and 
benzodiazepine burden for their patients while on dexmedeto-
midine infusion (36% and 42%, respectively), which was not 
found in our study. There are some notable differences in our 
study that may have contributed to this discrepancy. First, dur-
ing the period of time of the study of Czaja and Zimmerman 
(12), the use of dexmedetomidine in their unit was specifically 
used primarily with the goal to decrease opioid and benzodiaz-
epine doses in patients requiring high doses of benzodiazepines 
and/or opioids, cycling on and off dexmedetomidine typically 
every 24 to 48 hours (J. J. Zimmerman, personal communi-
cation, 2012). In addition, 52% of the patients in the study 
of Czaja and Zimmerman (12) were on dexmedetomidine to 
decrease longer acting sedative agents to facilitate extubation 
as opposed to 5% in this study. Thus, in the study of Czaja 
and Zimmerman (12), the goal of using dexmedetomidine 
was to decrease infusions of benzodiazepines and/or opioids, 
whereas during the timeframe of our study dexmedetomidine 
was primarily added earlier to the sedation regimen to prevent 
significant escalation of opioids and benzodiazepines without 
an explicit agenda to wean these actively. However, as noted 
above, there is a suggestion to support that dexmedetomidine 
infusion can act synergistically and decrease the overall burden 
of both of these drugs as there was not a statistically signifi-
cant escalation of doses after starting dexmedetomidine in our 
study. We did show an increase in opioid and benzodiazepine 
daily dose in approximately one quarter of our patients once 
off dexmedetomidine infusion, similar to the study of Czaja.

Limited data about withdrawal and rebound hyperten-
sion or tachycardia after dexmedetomidine use longer than 72 
hours. Pediatric data suggest a trend toward rebound and with-
drawal symptoms with increased use (17, 19, 23, 25). Of the 
studies that report no concerns for withdrawal symptoms (5, 7, 
20–22, 31), two weaned the patients off dexmedetomidine (21, 
22) and one started 30% of their patients on clonidine (31), 
which could explain the lack of withdrawal symptoms.

Our study raises concern for withdrawal and rebound. Both 
SBP and DBP increased significantly after discontinuation of 
dexmedetomidinedexmedetomidine and this increase per-
sisted over the first 24 hours. HR also significantly increased 
over the first 48 hours after discontinuation. Yet, despite the 
statistically significant increase, treatment with either new 
antihypertensive or clonidine was prescribed for only 21% 
of our patients. The addition of clonidine was specifically for 
amelioration of withdrawal symptoms and was started at the 
discretion of the provider. It is possible that these patients 
would have experienced withdrawal or rebound symptoms if 
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not started on clonidine. Antihypertensive medication, exclud-
ing clonidine, was started in nine patients (10%) after 36 hours 
of hypertension. In all of these patients, increased sedation was 
trialed for concern of discomfort causing hypertension. Again, 
it is worth noting that six of these nine patients would have 
been started on an antihypertensive medication given their 
cardiac lesion and not necessarily in response to hypertension.

We acknowledge that at the cessation of dexmedetomi-
dine infusion, patients were presumably improved from a 
clinical standpoint leading to higher HR and blood pressure 
reflected by a less sedated patient. We did find that patients had 
increased opioid use in 25% of the cases and benzodiazepine 
in 28% of the patients. Whether this is because of increased 
discomfort, withdrawal not specifically noted or increasing 
BP and HR from dexmedetomidine discontinuation can only 
be speculated. Despite this question, our findings suggest that 
although rebound hypertension and tachycardia are seen with 
cessation of long-term dexmedetomidine infusion, treatment 
with clonidine or other antihypertensive is rarely required, fur-
ther illustrating the safety of long-term infusions.

Our study confirmed the risk of withdrawal symptoms fol-
lowing long-term dexmedetomidine infusion. Of our patients, 
30% had recorded withdrawal scores and symptoms that sug-
gested a withdrawal phenomenon from dexmedetomidine infu-
sions. These patients had a higher median infusion duration 
(178 vs 123 hr). Symptoms recorded were similar to those seen 
in previous case reports and included agitation, tremors, and 
decreased sleep. The symptoms most commonly recorded are 
similar to delirium seen in ICU patients. It was our unit prac-
tice to “normalize” the patients schedule as much as possible 
when concerns for delirium were noted. This included a sched-
ule set by nursing and child life, normal daytime and nighttime 
activities as possible, including light adjustment, music therapy, 
and activity in room. Despite these efforts, it is impossible to 
say with certainty that these patients were not experiencing a 
degree of delirium. However, we speculate that this question 
can be raised with any sedation withdrawal evaluation, not just 
dexmedetomidine withdrawal. We acknowledge that we can-
not completely conclude that the withdrawal symptoms were 
not from opioid or benzodiazepine because the majority of the 
patients were on these infusions as well at time of dexmedeto-
midine discontinuation. Our study suggests that weaning the 
dexmedetomidine infusion, which happened in 69% of the 
patients with withdrawal scores recorded, was associated with 
lower withdrawal scores and less use of rescue treatment.

The retrospective nature of the study is susceptible to 
design flaws and bias. We are unable to differentiate between 
the use of dexmedetomidine or other reasons (eg, other seda-
tion and patient condition) as the cause of hemodynamic and 
sedative effects or withdrawal symptoms. Despite being one 
of the larger pediatric studies, which was not limited to just 
one subset of PICU patients, it may not be generalizable to all 
PICU patients given other unit sedation and analgesia prac-
tices. Specifically, this study was done while our unit policies 
and practice were to keep the maximal dose of dexmedeto-
midine infusion at 0.7 μg/kg/hr. We acknowledge that this is 

not the most recent practice in either our unit or many others 
around the country. We can only speculate that our findings 
of withdrawal phenomenon would be augmented by higher 
doses of dexmedetomidine infusion, but this study cannot 
speak specifically to this. It is also possible that concerning 
hemodynamic changes may be augmented on higher dose of 
dexmedetomidine infusion. Our study recorded change from 
baseline hemodynamics as the parameter of significance. This 
is not ideal because it did not recognize the age appropriate 
hemodynamic parameters, which patients may have deviated 
from. Patients were also used as their own controls, limiting 
our ability to make any firm conclusions about dexmedetomi-
dine use as a comparison with no dexmedetomidine use. We 
acknowledge that there was self-selection of patients who tol-
erated dexmedetomidine well enough to be treated for greater 
than or equal to 72 hours given that our records show that 459 
patients were treated with any amount of dexmedetomidine 
during this 2-year time period. Finally, it was not our routine 
unit practice to record withdrawal scores during dexmedeto-
midine discontinuation. Scores could also reflect opioid or 
benzodiazepine withdrawal.

CONCLUSIONS
We have evaluated the use of long-term dexmedetomidine 
administration in a diverse population of critically ill infants 
and children 0–21 years old. On the basis of our findings, we 
conclude that dexmedetomidine is effective and safe for long-
term use in the PICU. Attention to known adverse hemody-
namic effects while on dexmedetomidine is necessary, but 
need for treatment is rare. Comfort and sedation is improved 
with dexmedetomidine, and a decrease in the overall opioid 
or benzodiazepine burden is probably given that there was 
not a significant escalation of benzodiazepine or opioid dos-
ing after starting dexmedetomidine. Vigilance for tachycar-
dia and hypertension at dexmedetomidine discontinuation is 
appropriate; however, these rarely require treatment. The most 
prominent withdrawal symptoms include agitation, trem-
ors, and decreased sleep and may be ameliorated by weaning 
dexmedetomidine.
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