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Abstract Objective: Assessment
of electrocardiographic (ECG) effects
of dexmedetomidine. Design: Pro-
spective observational study
including children 0–17 years of age
with congenital heart disease (CHD)
and children following cardiothoracic
surgery. Patients who did not receive
dexmedetomidine were used as a
control group. All patients had two
ECGs: one baseline, pre-dexmede-
tomidine (T1) and one during
dexmedetomidine infusion (T2).
Measurements and results: Fifty-
one patients, median age of 0.5 years
(IQR = 3.4), and 25 patients, age
0.25 (IQR = 2.9), were included in
the dexmedetomidine and control
groups, respectively. Forty received a
dexmedetomidine-loading dose of
1 lg/kg (IQR = 0.5). At T2, the
dexmedetomidine infusion was
1 lg/kg/h (IQR = 0.5). In the
dexmedetomidine group, heart rate
(HR) decreased from 140 ± 22 to
115 ± 23 (P \ 0.001); PR, PRc and
PR index changed from 115 ± 28 to
122 ± 29 ms (P = 0.01), 174 ± 38
to 167 ± 35 ms (P = 0.07) and
15,882 ± 3,565 to 13,792 ± 3,311
(P \ 0.001), respectively. QRS
decreased from 84 ± 21 to

80 ± 21 ms (P = 0.02), and QTc
had no change (433 ± 47 to
435 ± 36 ms). When compared to
the control group, none of the ECG
intervals had any difference other
than a trend towards lower HR
(P = 0.08). Neonates and infants had
a bigger drop in the HR compared to
older children (P \ 0.001), while
other parameters were similar. At T2
none of the dexmedetomidine group
patients had atrioventricular block or
other arrhythmia. Four patients in the
control group had accelerated junc-
tional rhythm. Conclusions: Use of
dexmedetomidine in patients with
CHD and patients following cardio-
thoracic surgery is not associated with
any significant ECG interval abnor-
malities other than a trend towards
lower HR.
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Introduction

Dexmedetomidine is a highly selective alpha 2-agonist
with sedative and analgesic properties that has been

shown to reduce the postoperative requirements of addi-
tional intravenous sedative and analgesic agents.
Additionally, dexmedetomidine appears to maintain the
patient’s underlying hemodynamic stability and has
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minimal respiratory side effects [1, 2]. Though the US
Food and Drug Administration has approved its use only
in adult patients, there have been an increasing number of
reports on its use in pediatric patients. Dexmedetomidine
has been used to provide sedation and analgesia in the
pediatric intensive care unit, for procedural sedation and
treatment of withdrawal symptoms from opioids, and
recently it has be used as a treatment option for peri-
operative supraventricular arrhythmias [3–10].

Dexmedetomidine mediates its effects through a
complex mechanism that involves both presynaptic and
postsynaptic receptor activation. Activation of the pre-
synaptic alpha-2 adrenoreceptors on sympathetic nerves
and the central nervous system induces sympatholysis,
which is responsible for the hypotensive and bradycardic
side effects. Though dexmedetomidine appears to have a
wide safety margin, there have been concerns related
to the development of sudden sinus node pauses,
symptomatic bradycardia and its potential to cause
atrioventricular nodal block and prolongation of the QTc
interval [11–13]. The aim of this study was to characterize
the electrocardiographic (ECG) effects of dexmedetomi-
dine in children with congenital heart disease (CHD) and
children undergoing cardiothoracic surgery.

Materials and methods

This prospective, observational study was approved by
the Institutional Review Board, and informed consent was
obtained from all patients. Patients 0–17 years old who
were admitted to the cardiac intensive care unit (CICU)
from June 2008 to January 2009 and who were scheduled
to receive dexmedetomidine were enrolled in the study.

To evaluate the effect of dexmedetomidine, two
12-lead ECGs per patient were obtained: a baseline ECG
before the start of dexmedetomidine (T1) and a second
ECG while on dexmedetomidine infusion (T2). Both
ECGs were part of the routine CICU care. One ECG is
routinely obtained upon admission of a patient, and another
one is obtained on the morning of each CICU day. Dex-
medetomidine dose and timing were determined by the
clinical team. The usual loading dose of dexmedetomidine
in our institution is 0.5–1.0 lg/kg followed by a continu-
ous infusion of 0.2–1.5 lg/kg/h. Data collected and
analyzed included standard demographic information,
diagnosis and surgical procedure performed, dexmede-
tomidine dose and other medications that patients received
at the time of the study. Furthermore, the following labo-
ratory values were analyzed: potassium (K?), magnesium
(Mg2?) and ionized calcium (iCa2?) levels at T1 and T2.
All ECGs were analyzed manually for heart rate (HR) and
PR, QRS and QT intervals. The PR and QT intervals were
corrected for HR, PRc and QTc, respectively, using

Bazett’s formula (corrected value = observed value/
H[R - R0]) [14]. To further assess the influence of HR on
the PR interval, the PR index was calculated by multi-
plying the PR interval with the HR [15]. All ECGs were
analyzed separately by two investigators, both blinded to
the timing of dexmedetomidine.

Exclusion criteria included patients who had received
any antiarrhythmic medications within 7 days of the
study, patients with ongoing arrhythmias at the time of the
baseline ECG and patients receiving medications with
potential ECG effects, specifically calcium channel and
beta blockers, ketamine, amphotericin B and fluconazole.
Patients receiving digoxin for anti-arrhythmic purposes
were also excluded; however, if the indication for digoxin
was for inotropic support, they were included in the study.
Patients who were on dexmedetomidine at T1 but not at
T2 were also excluded.

For a control group, a retrospective chart review was
performed to identify patients who met the following
conditions: postoperative cardiac surgery, did not receive
dexmedetomidine, had two ECGs performed (T1: imme-
diately after surgery and T2: first postoperative day) and
satisfied the same exclusion criteria. Patients in this group
received either fentanyl or morphine as needed for anal-
gesia. For study analysis purposes, the effect of these
drugs on the ECG was considered minimal if patients did
not receive a dose within 5 h of T2. These patients were
therefore considered as they had not received any fentanyl
or morphine.

Statistical analysis was performed using SPPS version
16.0. The sample results were tested for normality of
distribution using the Shapiro–Wilk test. Descriptive
data, including demographic information, dexmedetomi-
dine dose and duration and the various ECG intervals,
are presented as mean ± standard deviation or as median
(interquartile range, IQR) where appropriate. Differences
in ECG data and electrolyte values were compared
between the two time points using a paired sample t test.
Further subgroup analysis among neonates, infants and
older children was performed with analysis of variance
(ANOVA) by Kruskal–Wallis test or with one-way
ANOVA where appropriate. For post hoc examination
the Tukey’s test was applied. Comparison between low-
dose and high-dose dexmedetomidine groups was per-
formed with an unpaired t test or Mann–Whitney test
where appropriate. Correlation between K?, Mg2? and
iCa2? levels and ECG intervals was assessed using the
Pearson’s correlation coefficient. Statistical tests were
two-sided, and P \ 0.05 was considered significant.
Comparison of ECG parameters between the dexmede-
tomidine and control groups was performed using an
unpaired sample t test. Interobserver reliability was cal-
culated for every ECG interval using the Cronbach’s
alpha reliability coefficient. A value of C0.8 was con-
sidered good reliability.
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Results

A total of 55 patients were screened for eligibility, and 51
were finally enrolled. Four patients were excluded
because of postoperative arrhythmias, specifically junc-
tional accelerated rhythm at T1. The baseline
characteristics, diagnosis and procedures performed in
both the dexmedetomidine and control groups are pre-
sented in Tables 1 and 2. The control group included 25
post cardiothoracic surgery patients, none of whom had
received dexmedetomidine prior to T2.

The dexmedetomidine infusion dose was adjusted by
the clinical team according to the patient’s clinical
response as well as per the intensive care unit sedation
scales. Due to the fact that dexmedetomidine has a
terminal t 1/2 of approximately 2 h and to ensure that
the ECG at T2 was obtained during a steady-state
plasma concentration, we further analyzed the dex-
medetomidine dose requirements for the 2 h prior to
T2. In 44 (86%) patients, the dexmedetomidine infusion
dose remained unchanged for the last 2 h prior to T2.
The complete description of dexmedetomidine duration
and dose requirement is shown in Table 1. None of the
patients had an interruption of the dexmedetomidine
infusion between T1 and T2. All ECGs were analyzed
by two investigators, with an interobserver reliability

that ranged from 0.88 for QTc (lowest) to 0.97 for HR
(highest).

Heart rate decreased by approximately 17 ± 15%
(P \ 0.001), and QRS decreased by 4 ± 16%
(P = 0.02). QTc interval remained unchanged. The
uncorrected PR interval was statistically increased; how-
ever, when corrected for HR, both the PRc and PR
indexes were actually shorter (P = 0.07 and P \ 0.001,
respectively) (Table 3). Using Pearson’s correlation
coefficient, it was also shown that there was a statistically
significant negative correlation between the HR and PR
interval (-0.4, P = 0.009). Despite the observed changes
after the administration of dexmedetomidine, when
compared with the control group, we did not find any
significant differences other than a tendency towards a
lower HR in the dexmedetomidine group (Table 3). None
of the ECGs showed any evidence of any type of atrio-
ventricular block. One patient in the dexmedetomidine
group had sinus bradycardia (10 years old; HR, 64 bpm),
and four patients in the control group had accelerated
junctional rhythm (HR 118 ± 27 bpm). Eight patients
(16%) in the dexmedetomidine group and 17 patients
(68%) in the control group were receiving an opioid
infusion (fentanyl or morphine) at the time of T2
(Table 1).

The K?, Mg2? and iCa2? levels were all statistically
different at T2. The K? increased from 3.5 ± 0.6 to
3.9 ± 0.6 mEq/l (P = 0.005), the Mg2? decreased from
2.2 ± 0.4 to 1.9 ± 0.3 mg/dl (P = 0.003) and iCa2?

decreased from 1.3 ± 0.2 to 1.2 ± 0.1 mg/dl (0.001).
None of these electrolyte changes, however, correlated
with any of the ECG interval changes.

To evaluate if younger patients responded differently
to dexmedetomidine, we performed a subgroup analysis
among neonates, infants and older children (Table 4).
Neonates and infants had a statistically bigger drop in HR
compared to the older patients; however, there were no
differences in the remaining ECG parameters with the
exception of the PR interval. As expected, the PR interval
was longer in the older patients at baseline and remained
longer during the dexmedetomidine infusion; however,
the percent change from baseline did not differ among the
age groups.

To evaluate if any of the ECG changes were dose
dependent, we compared patients with dexmedetomidine
infusions running at less than 0.8 lg/kg/h (lower dose
group) versus patients with infusions running at more than
1 lg/kg/h (higher dose group) at T2 (Table 5). No dif-
ference was found in any of the ECG parameters.

Five patients were receiving digoxin (approximate
mean dose of 8 lg/kg/day) for inotropic support at the
time of dexmedetomidine administration. The mean age
was 4 ± 5 months; all patients received a dexmedetom-
idine loading dose of 0.9 ± 0.7 lg/kg, and the
dexmedetomidine infusion dose at T2 was 0.9 ± 0.3 lg/
kg. The characteristic results of these patients appeared to

Table 1 Demographic characteristics, dexmedetomidine and opi-
oid dosage

Dexmedetomidine Control P

N (M, F) 51 (31, 20) 25 (17, 8)
Age (years) 0.5 (3.4) 0.25 (2.9) 0.5
Time from end of

CPB to T1 (h)
2 (11) 1.6 (9) 0.4

Time from end of
CPB to T2 (h)

15 (10) 18 (7) 0.2

Dexmedetomidine
Loading (N) 40
Loading dose (lg/kg) 1 (0.5)
Duration at T2 (h) 13 (9)
Dose at T2 (lg/kg/h) 1 (0.5)
Dose 1 h before T2

(lg/kg/h)
1 (0.5)

Dose 2 h before T2
(lg/kg/h)a

0.8 (0.5)

Fentanyl
N 8 13
Dose at T2 (lg/kg) 1.6 (1.6) 1 (1.2)

Morphine
N 4
Dose at T2 (lg/kg) 0.07 ± 0.2

Data presented as median (interquartile range) or mean ± SD
CPB cardiopulmonary bypass
a Freidman’s test comparison among DEX dose at T2 versus DEX
dose 1 h before T2 versus DEX dose 2 h before T2 was statistically
significant (P = 0.03). Tukey’s post hoc was significant for DEX
dose 2 h before T2 versus DEX dose 1 h before T2 (P = 0.03)
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be similar to the rest of the patients. HR changed from
140 ± 8 to 115 ± 20 bpm (P = 0.03); there was no
change in the PR interval [108 ± 19 to 112 ± 19 ms
(P = 0.59)], QRS [84 ± 13 to 82 ± 15 ms (P = 0.6)]
and QTc [409 ± 42 to 393 ± 34 ms (P = 0.6)]. None
had any significant bradycardia or any atrioventricular
block at T2.

Discussion

Dexmedetomidine’s unique safety profile of causing
minimal respiratory depression while providing excellent
analgesia, anxiolysis, decreased delirium, a distinctive
type of ‘‘arousable sedation’’ and its potential anti-
arrhythmogenic effects have made it one of the main
sedative agents in the armamentarium of cardiac anes-
thesiologists and intensivists [9, 16, 17]. Despite
dexmedetomidine’s increased usage in the pediatric
population, its effects on the ECG and cardiac conduction
tissue are not well described in the literature.

In this study, dexmedetomidine was used to provide
sedation and analgesia in patients with CHD during the
perioperative period and after cardiac catheterization.
The baseline, pre-dexmedetomidine ECG data were
compared to the ECG data obtained at a median of 13 h
after dexmedetomidine initiation. In addition, we com-
pared ECG data between patients who received
dexmedetomidine and a control group who received
mostly an opioid infusion.

Though the HR decreased as expected by approxi-
mately 17%, when compared to the control group, there
was no substantial difference (P = 0.08). This HR effect
appeared to be more pronounced in neonates and infants,
and we believe that this difference is most likely related
to the parasympathetic system domination and immatu-
rity of the sympathetic nervous system that exists in this
younger age. A comparison between a lower and a higher
dose of dexmedetomidine (median 0 5. vs. 1 lg/kg/h)
showed no significant differences in the heart rate or other
ECG parameters. This was not surprising since most of
dexmedetomidine’s sympatholytic effect occurs already
at the lower doses. In a study by Snapir et al. [18],

Table 2 Diagnosis and
procedures performed DEX (N) Control (N) Procedurea

Single ventricle 13 5 Fontan (3, 1), Norwood I (4, 1),
Glenn (2, 1), cardiac cath (2),
heart transplant (1, 1), pre-op
sedation (1)

Atrial septal defect 7 3 CR
Atrioventricular septal defect 6 2 CR (5, 2), pre-op sedation (1)
Double outlet right ventricle 5 CR
Aortic stenosis 4 1 CR (3, 1), cardiac cath (1)
Ventricular septal defect 3 2 CR
Coarctation of the aorta 3 1 CR
Tetralogy of Fallot 3 6 CR (2, 6), pre-op sedation (1)
Interrupted aortic arch 2 CR (1), pre-op sedation (1)
Aortic root dilatation 1 CR
Aortopulmonary window 1 CR
Transposition of great arteries 1 2 CR
Mitral valve regurgitation 1 1 CR
Cystic fibrosis 1 Lung transplant
Coronary artery disease 1 CABG
Subaortic stenosis 1 CR

CABG coronary artery bypass graft, CR complete repair, DEX dexmedetomidine, pre-op preoperative
a Numbers in parentheses represent the N in dexmedetomidine and control groups, respectively

Table 3 Electrocardiographic parameters at T1 and T2

Dexmedetomidine Control P value

Heart rate (bpm)
T1 140 ± 22 142 ± 25 0.8
T2 115 ± 23 127 ± 28 0.08
P \0.001 0.02

PR (ms)
T1 115 ± 28 111 ± 29 0.8
T2 122 ± 29 112 ± 32 0.5

P 0.01 0.68
PRc (ms)
T1 174 ± 38 167 ± 36 0.8
T2 167 ± 35 160 ± 32 0.9
P 0.07 0.13

PR index
T1 15,882 ± 3,565 15,272 ± 3,041 0.6
T2 13,792 ± 3,311 13,805 ± 2,041 0.5
P \0.001 0.004

QRS (ms)
T1 84 ± 21 89 ± 22 0.9
T2 80 ± 21 79 ± 17 0.6
P 0.02 0.001

QTc (ms)
T1 433 ± 47 442 ± 49 0.9
T2 435 ± 36 431 ± 41 0.6
P 0.69 0.29

Data presented as mean ± standard deviation
HR heart rate, PRc corrected PR interval, QTc corrected QT
interval
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epinephrine and norepinephrine plasma levels decreased
on the average by approximately 70% during a low-dose
dexmedetomidine infusion level (0.5 ng/ml), and only
slight further decreases were noted during high-dose
dexmedetomidine infusion levels (5 ng/ml).

The PR interval, which represents the intra-atrial and
atrioventricular nodal conduction system, was mostly
unaffected by dexmedetomidine. The PR interval, similar
to the QT interval, is affected by HR, and it’s important to
take that inter-relationship into account. This effect has
been well demonstrated in previous studies that have
shown that there is a significant negative linear associa-
tion between the two [19–21]. In our study, though the
uncorrected PR interval was increased, when this was
adjusted for HR, there was no significant difference. On
the contrary, there was a tendency towards a shorter PRc
interval and a significantly decreased PR index. No dif-
ference was observed when compared to the control
group.

An unexpected finding was the statistically shorter
QRS duration. The QRS duration usually decreases with
increased sympathetic activity, i.e., exercise, etc., and
therefore a sympatholytic agent like dexmedetomidine
would be expected to have no effect or if anything

increase the QRS duration. This finding could not be
explained with our study design; however, the fact that
there was a similar shortening in the control group
makes us believe that this may represent the natural
postoperative course after cardiothoracic surgery. The
QTc, a measure of ventricular repolarization, remained
unchanged.

Our findings do differ slightly from a previous study
by Hammer et al. [13]. This study involved 12 children,
5–17 years of age, who underwent electrophysiology
study and ablation of supraventricular accessory path-
ways, and had electrophysiologic variables measured
before and during administration of dexmedetomidine
(1 lg/kg over 10 min followed by a 10-min continuous
infusion of 0.7 lg/kg/h). The study concluded that the HR
was decreased, QRS was unchanged, QTc was prolonged,
and atrioventricular nodal function was depressed, as
evidenced by Wenckeback cycle length prolongation and
prolongation of the PR interval. This study had fewer
patients, and the measurements were performed under the
effect of other drugs, i.e., ketamine and propofol. Though
the electrophysiologic effects of these latter drugs are not
well described, they could have potentially influenced the
dexmedetomidine effects in a synergistic or additive

Table 4 Electrocardiographic effects of dexmedetomidine in neonates, infants and older children

Neonates (A) Infants (B) [1 Year old (C) P value

N (M, F) 9 (7, 2) 21 (15, 6) 21 (9, 12)
Age (years)a 0.03 (0.06) 0.33 (0.25) 4 (8) \0.001
DEX loading dose (lg/kg)a 0.5 (0.4) 1 (0.8) 1 (0.5) 0.16
DEX dose at (T2 lg/kg/h)a 1 (0.6) 1 (0.5) 1 (1) 0.43
HR (bpm)
T1 149 ± 22 142 ± 23 133 ± 24 0.19
T2b 132 ± 23 122 ± 17 98 ± 19 \0.001
Change (%)c 10 ± 10 12 ± 17 9 ± 18 \0.001

PR (ms)
T1d 105 ± 18 103 ± 20 131 ± 36 0.006
T2e 110 ± 24 110 ± 22 140 ± 32 0.008
Change (%) 4 ± 20 9 ± 23 9 ± 18 0.71

PRc (ms)
T1 169 ± 29 159 ± 30 190 ± 44 0.72
T2 168 ± 40 159 ± 31 175 ± 37 0.89

PR index
T1 16,023 ± 3,569 14,738 ± 3,271 16,830 ± 3,696 0.46
T2 15,352 ± 4,858 13,499 ± 2,831 13,463 ± 3,003 0.46

QRS (ms)
T1 71 ± 20 82 ± 17 83 ± 12 0.057
T2 74 ± 19 75 ± 17 77 ± 10 0.33

QTc (ms)
T1 408 ± 45 435 ± 38 438 ± 49 0.15
T2 400 ± 35 435 ± 42 443 ± 20 0.051
Change (%) 6 ± 15 1 ± 12 2 ± 13 0.99

Data presented as mean ± standard deviation except where indi-
cated otherwise
DEX dexmedetomidine, HR heart rate, PRc corrected PR interval,
QTc corrected QT interval
a Median (interquartile range)

b HR T2: A versus C P = 0.001, B versus C P \ 0.001
c HR % change: A versus C P = 0.009, B versus C P \ 0.001
d PR T1: A versus C p = 0.02, B versus C P \ 0.005
e PR T2: A versus C p = 0.02, B versus C p \ 0.007
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manner. Furthermore, this study did not take into con-
sideration the HR-PR interval relationship, and thus no
adjustments were made.

Although our patient population included a diverse
group of patients including single ventricle and other
complex CHDs, none of the ECGs showed any evidence of
atrioventricular block or significant bradycardia. The five
patients who were on digoxin at the time of the study did not
appear to have any significant differences in the ECG
parameters compared with other patients, and none had any
significant bradycardia. This is contrary to a case report by
Berkenbosch et al. [22] in which an infant who was con-
currently receiving dexmedetomidine and digoxin
developed significant bradycardia requiring discontinua-
tion of the dexmedetomidine infusion. Nonetheless, despite
our encouraging experiences, it is very important to note
that patients who receive dexmedetomidine along with
other sympatholytic or parasympathomimetic medications

should be monitored closely for the development of sig-
nificant bradycardia and/or hypotension [23, 24].

Because electrolyte abnormalities can have a signifi-
cant effect on the ECG, we compared the baseline K?,
Mg2? and iCa2? levels with the levels obtained at T2. At
the time of the second ECG, patients had a statistically
increased K? and decreased Mg2? and iCa2? level.
Though a decreased Mg2? and iCa2? level can cause
prolongation of the QTc interval and an increased K?

level could cause prolongation of the PR and QRS
intervals, none of these changes was observed in this
study [25, 26]. On the contrary, there was a tendency
towards a shorter PRc and QRS intervals.

Because this study included only children with CHD
and patients following cardiopulmonary bypass, these
results may not be applicable to other patient populations.
The metabolic alterations following CPB and the poten-
tial influences that these might have on the ECG intervals
are not addressed by this study. In addition, it is important
to note that we only assessed ECG changes from 12-lead
ECGs and not from a continuous telemetry. Therefore,
changes that may have occurred in the interim, i.e.,
arrhythmias, are not addressed.

Overall, dexmedetomidine, a relatively new alpha
2-adrenergic agonist, appears to have several unique
properties that make it an attractive agent for intensivists
caring for patients after cardiothoracic surgery. Some of
these properties include an opioid sparing effect and
minimal respiratory depression, which allows for early
extubation without the interruption of continuous sedation
and analgesia. Though the current study adds to the body
of literature and demonstrates dexmedetomidine’s wide
electrophysiologic safety margin, dexmedetomidine’s
inherent sympatholytic properties warrant close monitor-
ing to avoid significant bradycardia and/or hypotension.

Conclusion

The use of dexmedetomidine in patients with CHD and
patients following cardiothoracic surgery is not associated
with any significant or any atypical ECG interval abnor-
malities other than an expected trend towards a decrease
in heart rate.
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Table 5 Comparison of electrocardiographic parameters between
the lower and higher dexmedetomidine dose groups

Dexmedetomidine dose at T2 (lg/kg/h) P value

\0.8 [1.0

N 24 27
Age (years)a 0.54 (9.1) 0.37 (2.6) 0.12
Dose (lg/kg/h)a 0.5 (0.3) 1 (0.2) \ 0.001
HR (bmp)
T1 139 ± 23 141 ± 22 0.69
T2 117 ± 27 113 ± 20 0.53

PR (ms)
T1 113 ± 26 117 ± 30 0.65
T2 118 ± 30 126 ± 28 0.38

PRc (ms)
T1 170 ± 36 176 ± 35 0.6
T2 163 ± 37 171 ± 30 0.4

PR index
T1 15,502 ± 3,610 16,120 ± 3,387 0.5
T2 13,629 ± 3,922 14,085 ± 2,596 0.6

QRS (ms)
T1 83 ± 27 85 ± 15 0.81
T2 79 ± 24 80 ± 19 0.89

QTc (ms)
T1 434 ± 54 431 ± 41 0.82
T2 441 ± 36 430 ± 36 0.28

Data presented as mean ± standard deviation except where indi-
cated otherwise
HR heart rate, PRc corrected PR interval, QTc corrected QT
interval
a Median (interquartile range)
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