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Abstract Background Dexmedetomidine, an o2-receptor
agonist, provides potent sedation, analgesia, and anxiolysis
without respiratory depression and is used in a variety of
surgical and procedural situations. Aim of the review The aim
of this study was to estimate the incidence of bradycardia in
pediatric patients who received dexmedetomidine as a sole
agent for any procedural, intensive care or surgical sedation.
Method Literature was searched in electronic databases and
studies were selected by following pre-determined eligibility
criteria. Meta-analyses were carried out by pooling the per-
cent incidence of bradycardia to attain a weighted overall
effect size. Age-wise subgroup analyses and meta-regression
analyses for the identification of factors affecting the inci-
dence were also performed. Results Data of 2835 patients
from 21 studies were included. The mean age was
62.21 + 35.68 months. Initial, maintenance and total doses
of dexmedetomidine (mean = standard deviation) were
1.63 £ 0.33 pg/kg body weight, 0.86 £ 0.68 pg/kg/h, and
26.7 £ 20.8 pg/kg. The overall incidence of bradycardia
(95% confidence interval) was 3.067 (2.863, 3.270)%;
P < 0.0001. However, range was wider (0-22%) with 9
studies observed 0% incidence. The mean change in the heart
rate was —17.26 (—21.60, —12.92); P < 0.00001. In the
meta-regression  analyses, age, body weight and
dexmedetomidine dose were not significantly associated
with the incidence of bradycardia. The minimum heart rate
observed during the dexmedetomidine treatment period was
positively associated with baseline heart rate. Conclusion
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Incidence of bradycardia in dexmedetomidine treated pedi-
atric patients is 3%.
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Impacts on practice

e In pediatric patients treated with dexmedetomidine, a
3% incidence of bradycardia can be expected.

e Age, body weight, gender, dexmedetomidine dosage
and route of administration do not significantly affect
the incidence of bradycardia as side-effect in children.

e Minimum heart rate during sedation with dexmedeto-
midine has a positive association with the baseline heart
rate.

Introduction

Dexmedetomidine is a highly selective agonist to trans-
membrane G protein coupled central a2-receptors. It pro-
vides potent sedation, analgesia, and anxiolysis by
decreasing central nervous system sympathetic output.
Dexmedetomidine administration is also associated with
decrease in blood pressure and heart rate without respira-
tory depression [1-3]. Sleep -electroencephalographic
evaluations show that dexmedetomidine sedation resem-
bles S2 sleep in humans [4]. These properties make it a
suitable option for sedation in the intensive care unit (ICU)
and in a variety of surgical and procedural situations.
Opioid-sparing effects of dexmedetomidine further
increase the spectrum of its utility [5].
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The sedative and anxiolytic effects of dexmedetomidine
result primarily from its activity in the locus ceruleus of
brainstem where it reduces central sympathetic output,
resulting in increased firing of inhibitory neurons [6].
Dexmedetomidine hyperpolarizes the neuronal membranes
of dorsal horn of the spinal cord by the activation of
G-protein coupled K* channels to produce antinociceptive
effects [7]. It has far higher affinity for a2 receptors than
clonidine (widely used o2-adrenoceptor analogue), and has
a shorter half-life (2-3 h) than clonidine (12-24 h) [8].

In pediatric patients, the use of dexmedetomidine is
limited at present and its efficacy and safety is not fully
established [9]. Available data suggests that the use of
dexmedetomidine provides better hemodynamic stability,
opioid and benzodiazepine sparing effects and increased
comfort [10-12] and has also been found to be a useful
sedative in pediatric burn patients [13, 14]. However, in
clinical studies, the incidence of bradycardia with the use
of dexmedetomidine is reported with a wide range with
many studies found zero incidence [15-18], even with
relatively higher doses [19], and others have reported
higher incidence of up to 22% [20, 21]. This has necessi-
tated to examine this variability in the incidence of
bradycardia in studies which utilized dexmedetomidine
anesthesia in pediatric patients as this area is not previously
reviewed.

Aim of the review

The aim of this study was to systematically review the
relevant studies which utilized dexmedetomidine as a sole
anesthetic in pediatric populations and measured heart rate
and the incidence of bradycardia periodically throughout
the study, and to carry out a pooled analysis of the inci-
dence bradycardia and change in the heart rate during the
study reported in these studies.

Method

This study was performed by following PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines [22]. Important features of method
are presented in Table 1.

Relevant research articles were retrieved from electronic
databases after a systematic literature search by using
several combinations of primary and secondary key terms/
phrases. Final selection of the studies for meta-analysis was
based on eligibility criteria mentioned in Table 1. Outcome
measures for the present study were: (1) incidence of
bradycardia; (2) HR change during the study period; and
(3) minimum HR during the study. Definition of ‘pediatric
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patients’ was borrowed from the American Academy of
Pediatrics which defines pediatric patients, i.e. young
humans of day 1-21 years of age.

For the meta-analysis, percent incidence values were
either extracted raw from research articles or calculated
from the numerical data provided in the articles and then
were used in a pooled analysis to have inverse variance
weighted overall estimate as well as subgroup estimates
under random-effects model. Stata software (version 12
SE; Stata Corporation, Texas, US) was used for meta-
analysis. Changes in HR were calculated from minimum
HR during the study and baseline values. The meta-anal-
ysis of HR change was carried out by using RevMan
(version 5.3; Cochrane Collaboration) software.

In the metaregression analyses, outcome variables (in-
cidence of bradycardia, and minimum heart rate during the
study) were tested against several explanatory variables
including sample size, age, body weight, gender, initial or
maintenance dose, total dosage, and baseline HR.
Restricted maximum likelihood method was used in the
meta-regression analyses. Metaregression analyses were
also performed with Stata software.

Results

Twenty-one studies [15-21, 23-36] were included in this
meta-analysis (Fig. 1). After identifying 212 potential
abstracts, 54 were selected for full-text article retrieval and
of these 21 articles were used for data extraction. At study
selection stage, 33 studies were excluded because either the
studies used dexmedetomidine in combination with other
anesthetic/s; or the studies investigated hemodynamic
effects but did not report the incidence of bradycardia or
change in HR; or were the case reports.

Of the included studies, 8 were the randomized con-
trolled trials (RCTs), 2 were prospective non-RCTs, and 11
studies involved retrospective analyses. Twelve of these
studies utilized dexmedetomidine anesthesia for radiolog-
ical, endoscopic and electrophysiological diagnosis, 2 for
surgery, 2 for dentistry procedures, 2 for burn patients’
sedation, 2 for ICU sedation and 1 for intubation purposes.
Route of dexmedetomidine administration was intravenous
(IV) in 15 studies, intramuscular (IM) in 4 and intranasal
(IN) in 3 studies (one study investigated both IN and IM
routes).

From the included studies, data of 2835 patients (age:
62.21 &+ 35.68 months; weight 22.36 £ 10.5 kilograms
and 58.4 £ 13.3% males) were used in this meta-analysis.
Initial, maintenance and total doses of dexmedetomidine as
mean =+ standard deviation (range) used in these studies
were 1.63 £+ 0.33 (0.4—4) pg/kg body weight, 0.86 £ 0.68
(0.4-2) pg/kg/h  and  26.7 £ 20.8 (0.36-98.6) ng/kg,
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Table 1 Important features of the method used for the present study

Literature search

MeSH terms and
keywords

Search period
Type of studies

Participants
Interventions included

Interventions excluded

Outcomes of interest

Data extraction

Meta-analysis method

Sub-group analyses
Heterogeneity

Software

Databases searched: Medline/PubMed, Embase, and Google Scholar

Dexmedetomidine, analgesia, anesthesia, sedation, premedication, postoperative, surgery, procedural sedation,
bradycardia, heart rate, heartbeat

Search encompassed original research papers published before September 2015

RCTs, non-RCTs, retrospective studies which used dexmedetomidine as a sole anesthetic for any procedural, surgical
or ICU sedation and measured heart beat rate during the study

Pediatric patients undergoing radiological/electrophysiological/endoscopic diagnosis, surgery or requiring sedation in
an ICU setup

Studies (a) utilized dexmedetomidine as a sole anesthetic to pediatric patients undergoing surgery or a procedure that
requires sedation, (b) reported incidence of bradycardia and/or change in heart rate (HR)

Studies (a) using dexmedetomidine in combination with other anesthetics, (b) studies with considerably higher rate of
rescue anesthetic use and (c) case reports and studies with under 10 subjects, and (d) providing qualitative information
only

1. Incidence of bradycardia (>20% decrease in the baseline HR)

2. Change in HR during the study

3. Minimum HR during the study

Independently by two authors. Inter-rater reliability (Cohen kappa) = 0.94

Calculation of percent incidence and standard error of each study data followed by inverse variance weighted meta-
analysis to achieve overall effect size under random-effects model. Significance of incidence was tested by two-tailed
z test against 0 effect size. Mean change in the heart rate during study period was calculated by subtracting minimum

heart rate recorded from baseline values by using a meta-analytical software which was followed by the estimation of
overall effect size

Subgroups: RCTs, non-RCTs, Retrospective studies/Diagnostic studies, ICU sedation studies, Surgery studies,/IV
studies, IM studies and IN studies

I? index used to assess between-study heterogeneity. Comparisons with I > 50% were studied under REM and
sensitivity analyses were performed to investigate the source of heterogeneity

RevMan (Version 5.3; Cochrane Collaboration)/Stata 12 SE (Stata Inc., Texas, US)

respectively. In these patients, 13.36 £ 12.57% received
rescue anesthesia after dexmedetomidine’s failure to

Records identified through
database searching
(n=247)

Additional records identified
through other sources
(n=12)

achieve adequate anesthesia (14 studies data).
Overall, the incidence of bradycardia achieved a statis-

tical significance. Random effects meta-analysis revealed
that the percent incidence of bradycardia (95% confidence

Records after duplicates removed

interval) in this sample of patients was 3.067
(2.863-3.270)%; P < 0.00001 (Fig.2). Incidence of

(n=212)

bradycardia in various subgroups with regards to study

Records screened
(n=212)

Records excluded
(n =158)

l

Full-text articles
assessed for eligibility
(n=54)

Full-text articles
excluded, with reasons
(n=33)

l

Studies included in
qualitative synthesis
(n=21)

I

Studies included in
guantitative synthesis
(meta-analysis)
(n=21)

Fig. 1 A flowchart of study screening and selection process

design and age are presented in Table 2.

A pooled analysis of the studies which measured base-
line heart rate and periodic heart rate during the study
revealed that dexmedetomidine anesthesia was associated
with a decrease in the heart rate of —17.26 [—21.60,
—12.92]; P < 0.00001 beats per minute during the study
(Fig. 3). Baseline heart rate was 103.66 (101.30, 106.02)
beats per minute in this population of pediatric patients.
Mean change in heart rate during dexmedetomidine treat-
ment in three age groups of this pediatric population are
given in Table 3.

Nine of the included studies observed 0% incidence of
bradycardia. In these studies, average initial dose of
dexmedetomidine was 1.35 + 0.62 ng/kg, maintenance
dose was 0.82 £ 0.66 pg/kg/h and the total dose used was
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%

Study n ES (95% ClI) Weight

Age 1to 3 years !

Burhano 2012 62 : L d 8.06 (7.36, 8.77) 3.36

Carroll 2008 60 * 3.33 (2.87, 3.80) 4.38

Mason 2011 B 44 * : 0.00 (-0.01, 0.02) 5.65

Dewhirst 2014 25 ® 0.00 (-0.02, 0.03) 5.65

Mason 2011 A 21 * : 0.00 (-0.02, 0.03) 5.65

Subtotal (I-squared = 99.4%, p = 0.000) [ 0.96 (0.75, 1.18) 24.69
}

Age 4 to 6 years :

Mason 2012 107 ¢ ! 0.93 (0.75, 1.12) 5.41

Tammam & W. 2013 A 45 | : > 22.22(20.84,23.60) 1.58

Tammam 2013 54 ! - 9.26 (8.45, 10.07) 2.98

Sheta 2014 36 * : 0.00 (-0.01, 0.02) 5.65

Tammam & W. 2013 B 45 | 1+ - 6.67 (5.91, 7.42) 3.18

Koroglu 2005 40 * : 0.00 (-0.01, 0.02) 5.65

Mason 2008 747 1 * 16.06 (15.78, 16.35) 5.08

Ahmed 2015 544 * 3.86 (3.70, 4.03) 5.45

Subtotal (I-squared = 100.0%, p = 0.000) ¢ 6.71 (5.96, 7.46) 34.98
1

Age 7 to 9 years :

Siddapa 2010 54 ! -+ 9.26 (8.45, 10.07) 2.98

Mason 2013 669 : * 4.33 (4.18, 4.49) 5.47

Al-Taher 2010 30 * | 0.00 (-0.02, 0.02) 5.65

Fagin2012 21 : - 4.76 (3.83, 5.70) 2.58

Lin 2011 11 1 —— 9.09 (7.31, 10.87) 1.06

Ghali 2011 60 * : 0.00 (-0.01, 0.01) 5.65

Hasanin 2014 40 * 0.00 (-0.01, 0.02) 5.65

Subtotal (I-squared = 99.8%, p = 0.000) : 2.13(1.84, 2.42) 29.05

. 1

Age Over 10 years !

Hammer 2008 12 * : 0.01 (-0.04, 0.06) 5.63

Ergul 2015 20 ® | 0.00 (-0.03, 0.04) 5.65

Subtotal (I-squared =0.0%, p = 0.914) : 0.01 (-0.02, 0.03) 11.28

. 1

Overall (I-squared = 99.9%, p = 0.000) ' 3.07 (2.86, 3.27) 100.00

NOTE: Weights are from random effects analysis :

I |
-23.6 0 23.6

Fig. 2 A forest graph showing the results of a meta-analysis of the
percent incidence of bradycardia in the included studies and age-wise
subgroup analysis. Dash line represents overall effect size. In the

7.12 £+ 10.29 pg/kg. Mean change in the heart rate during
the study duration in these studies was —8.92 [—15.32,
—2.52]. Meta-regression analysis with all included studies
did not identify a significant relationship between initial, or
maintenance, or total dose of dexmedetomidine with either
incidence of bradycardia or mean change in heart rate
during sedation.

In the meta-regression analyses (Table 4), incidence of
bradycardia was not significantly associated with sample
size, age, body weight, initial or maintenance dose, total
dosage, or baseline heart rate. Minimal heart rate during the
study was positively associated with baseline heart rate
(coefficient: 1.34; P = 0.002) but inversely associated with
percentage of females (coefficient: —5.2; P = 0.016).
However, in multivariate metaregression analysis with
percentage of females and baseline heart rate as
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study identities, Mason 2011 (A, MRI and B, CT groups), and
Tammam and Wahba [20] (A, IV and B, IM routes of administration)

explanatory variables, female gender was not significantly
associated with minimum HR during the study.

Discussion

We have found that the incidence of bradycardia in chil-
dren sedated with dexmedetomidine ranged from O to 22%
to average at 3% in a population in which heart rate
decreased to about 17 beats per minute on average during
the study. In this population, about 13% patients required
rescue medication. Dexmedetomidine use ranged from
diagnostic procedures to ICU and burn sedation and three
routes of administration were utilized.

Whereas, in adults, low doses of dexmedetomidine are
reported to be effective, in pediatric patients relatively
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Table 2 Incidence of bradycardia in children pooled analyses

Test for overall effect: Z=7.79 (P < 0.00001)
Test for subaroup differences: Chi? = 2.99, df = 2 (P = 0.22), I* = 33.0%

Fig. 3 Forest graph showing the results of the meta-analysis of mean

change in heart rate during the dexmedetomidine treatment and

age-

wise subgroup analysis. In studies identities, Ahmed 2015 (A, 1 bolus

Reduction in HR

Parameter Studies Patients Effect size (95% CI) I (%) I? after sensitivity analyses (%)
Incidence of bradycardia (%) 19 2707 3.067 (2.863, 3.270); P < 0.00001 99 87
Subgroup analyses
Study design
RCTs 8 375 0.50 (0.375, 0.617); P < 0.00001 99 82
Non-RCT prospective studies 3 88 0.01 (—0.021, 0.032); P = 0.664 0 -
Retrospective studies 11 2428 5.300 (4.385, 6.214); P < 0.00001 99 72
Age groups
1-3 years 5 212 0.962 (0.746, 1.177); P < 0.00001 99 83
4-6 years 7 1674 6.708 (5.961, 7.456); P < 0.00001 99 71
7-9 years 8 885 2.128 (1.838, 2.418); P < 0.00001 99 73
Year 10 and above 2 32 0.006 (—0.021, 0.032); P = 0.664 0 —
Dexmedetomidine use
Diagnostic 13 2530 4.191 (3.835, 4.548); P < 0.00001 99 71
ICU sedation 5 179 5.003 (1.663, 8.343); P < 0.00001 99 86
Surgical 4 182 0.002 (—0.006, 0.01); 0.601 0 -
Dexmedetomidine administration
Intravenous 15 2499 4.909 (4.483, 5.334); P < 0.00001 99 74
Intramuscular 4 271 2.03 (1.680, 23.79); P < 0.00001 99 67
Intranasal 3 121 0.002 (—0.006, 0.011); 0.607 0 —
Minimum during study Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Mean change in HR (Age 1 to 5 years)
Ahmed 2015 A 72 13.94 324 99.86 19.11 324 8.3% -27.86 [-30.44, -25.28] =
Ahmed 2015 B 70.08 12.49 103 103.16 20.11 103 7.8% -33.08 [-37.65,-28.51] —
Dewhirst 2014 102 20 25 111 22 25 5.3% -9.00 [-20.65, 2.65] I
Koroglu 2005 95.24 11.5 40 109 123 40 7.6% -13.76 [-18.98, -8.54] .
Tammam & Wahba 2013 A 82.89 6.92 54 1005 3.76 54 8.4% -17.61[-19.71, -15.51] -
Tammam & Wahba 2013 B 81.73 2.92 45 100 3.93 45 8.4% -18.27 [-19.70, -16.84] -
Tammam 2013 84.47 7.49 45 99.67 4.25 45 8.3% -15.20[-17.72, -12.68] -
Subtotal (95% CI) 636 636 54.0% -19.98 [-24.37, -15.58] ‘
Heterogeneity: Tau? = 29.98; Chi? = 99.27, df = 6 (P < 0.00001); I> = 94%
Test for overall effect: Z = 8.90 (P < 0.00001)
1.1.2 Mean change in HR (Age 6 to 10 years)
Al-Taher 2010 108 7 30 107 8 30 8.0% 1.00 [-2.80, 4.80] T
Hasanin 2014 83.95 13.79 40 95 145 40 7.3% -11.05[-17.25, -4.85] -
Lin 2011 125 20 11 132 20 11 3.8% -7.00 [-23.71, 9.71] —
Siddapa 2010 70 10 54 100 15.8 54 7.7% -30.00 [-34.99, -25.01] —
Subramanyam 2015 77 12 88 102 158 88 7.9% -25.00[-29.15, -20.85] =
Subtotal (95% Cl) 223 223 34.6% -14.75[-28.33, -1.16] —l
Heterogeneity: Tau? = 223.21; Chi? = 127.46, df = 4 (P < 0.00001); I = 97%
Test for overall effect: Z=2.13 (P = 0.03)
1.1.3 Mean change in HR (Age 11 to 18 years)
Ergul 2015 88.4 10 20 959 117 20 71% -7.50 [-14.25, -0.75] —
Hammer 2008 75.9 171 12 943 1938 12 4.3% -18.40 [-33.20, -3.60]
Subtotal (95% CI) 32 32 11.4% -10.88 [-20.76, -1.00] ’
Heterogeneity: Tau? = 24.96; Chi? = 1.72, df = 1 (P = 0.19); 1= 42%
Test for overall effect: Z=2.16 (P = 0.03)
Total (95% Cl) 891 891 100.0% -17.26 [-21.60, -12.92] @
Heterogeneity: Tau? = 57.63; Chi? = 251.32, df = 13 (P < 0.00001); I = 95% _2=0 - 1=0 > 1=0 2=0

Increase in HR

and B, 2 boluses of initial doses), and Tammam and Wahba [20] (A,
IV and B, IM routes of administration)
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Table 3 Pooled analyses of the mean change in heart rate during dexmedetomidine treatment

Parameter Studies Patients Effect size (95% CI) I (%) I? after sensitivity analyses (%)
Mean change in heart rate 13 1702 —17.26 (—21.60, —12.92); P < 0.00001 95 71
Subgroup analyses
Age groups
1-5 years 5 636 —19.98 (—24.37, —15.58); P < 0.00001 94 51
6-10 years 5 223 —14.75 (—28.33, —1.16); P < 0.05 97 74
11-18 years 2 32 —10.88 (—20.76, —1.00); P < 0.05 95 -
:‘;Ei)emtsl\s/llfct:?fgretshséon Independent variable Coefficient (95% CI) P Datasets
rela'tionshil') Of dependent Incidence of bradycardia (%)
variables (incidence of .
bradycardia and minimum heart Sample size 0.008 (—0.004, 0.020) 0.178 22
rate during the study) with Age —0.369 (—0.103, 0.029 0.263 22
various explanatory variables Body weight —0.157 (=0.417, 102) 0.215 17
Percentage of females 0.038 (—0.091, 0.168) 0.543 22
DEX initial dose 2.11 (—1.39, 5.62) 0.214 14
DEX maintenance dose 2.945 (—3.488, 9.378) 0.338 14
DEX total usage 0.024 (—0.067, 0.116) 0.577 14
Percent rescued —0.0426 (—0.321, 0.238) 0.749 13
Baseline heart rate 0.097 (—0.264, 0.459) 0.569 14
Minimum heart rate —0.060 (—0.352, 0.238) 0.658 11
Minimum HR during the study period (beats/min)
Sample size —0.043 (—0.108, 0.022) 0.172 13
Age —0.016 (—0.259, 0.227) 0.885 13
Body weight —0.133 (—0.872, 0.604) 0.968 13
Percentage of females —0.517 (—0.917, —0.12) 0.016 13
DEX initial dose —9.32 (—21.64, 3.591) 0.138 10

DEX maintenance dose
DEX total dose
Percent rescued

Baseline heart rate

—15.49 (—44.27, 13.27) 0.243
—0.242 (—1.066, 0.581) 0.46 6
Insufficient data

1.339 (0.668, 2.010) 0.001 13

Bold represents that the difference is statistically significant

higher doses are required to achieve satisfactory sedation
and doses up to 2 p/kg/h are reported to be safe and well-
tolerated [21]. Our meta-regression analyses could not find
a significant relationship between dexmedetomidine dose
and incidence of bradycardia. Indeed, incidence of brady-
cardia has been reported with as low as 0.3 pg/kg/h dose
[37] and other authors have also suggested that the
bradycardia incidence does not appear to be dexmedeto-
midine dose-dependent [38].

The most common route of dexmedetomidine adminis-
tration is IV but IM and IN are also found to exhibit com-
parable effectiveness in some conditions [18, 32, 33, 39].
Incidence of bradycardia was about 5% in studies which
used IV route, 2% with IM route and 0% with IN route in this
meta-analysis. However, studies with IN route were
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comparatively less and thus more data will be required to
refine this synthesis.

In the present study, we have found that minimum HR
during dexmedetomidine sedation had a positive associa-
tion with the baseline HR. Baseline HR is an important
prognostic factor in many conditions requiring anesthesia
e.g. baseline HR variability has been reported to predict
future hemodynamic events under general anesthesia that
can be used to identify high risk cardiovascular patients
[40]. In patients with a variety of conditions, under spinal
or epidural anesthesia, baseline HR has been found to
predict the incidence of severe bradycardia [41, 42].

In the present study, female gender also had an inde-
pendent significantly inverse association with minimum
HR during the study. However, female gender was also
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inversely correlated with baseline heart rate (correlation
coefficient: —0.634; P = 0.025). Therefore, we performed
multivariate metaregression analyses. After adjusting for
baseline HR, female gender was not significantly associ-
ated with minimal HR during the study. While studying
57,240 spinal or epidural anesthesia records, it was found
that the incidence of bradycardia was 10.2% and among
others male gender was identified as a significant risk
factor for the incidence of bradycardia [42].

Dexmedetomidine causes bradycardia by the activation
of neurons in the medullary vasomotor center, reducing
norepinephrine and resultant central sympatholytic effects
in the form of decreased heart rate and/or blood pressure
[8]. However, bradycardia and hypotension does not
always occur simultaneously [21] and bradycardia is not
associated with the clinical signs of cardiovascular com-
promise may not need any treatment [32]. Indeed, treat-
ment of bradycardia with glycopyrrolate to normotensive
children is reported to cause hypertensive episode [43],
which otherwise could be beneficial to bradycardiac
hypotensive children [23].

Use of dexmedetomidine is required to be made with
caution in hemodynamically unstable patients. Patients
receiving cardiac drugs such as stimulants, B-blockers, and
antiarrhythmics may also enhance the risk of dexmedeto-
midine induced bradycardia [16]. Berkenbosch et al. [44]
reported a case of an infant receiving digoxin who devel-
oped bradycardia upon dexmedetomidine sedation. Com-
binational use of dexmedetomidine e.g. with ketamine is
suggested as a strategy to reduce the chances of hemody-
namic effects [8]. Al-Taher et al. [24] speculated that no
incidence of bradycardia in their study may be attributed to
the premedication with atropine sulphate.

Whereas, dexmedetomidine may pose potentially
adverse effects on the cardiovascular system, especially in
hemodynamically unstable patients, this can be fruitful if
used perioperatively for tachyarrhythmias in pediatric
patients with heart conditions [45-47]. Hammer et al. [16]
in an electrophysiological evaluation study have reported
that dexmedetomidine depressed sinus and atrioventricu-
lar nodal function in children. However, it is not clear
whether the dexmedetomidine’s potential antiarrhythmic
effects are due to a direct action on the heart’s conduction
system, or the result of decreasing plasma catecholami-
nes, or due to its sympatholytic and sympathomimetic
effects on CNS, or due to more than one aforementioned
mechanisms [25].

Tramer et al. [48] have shown that propofol sedation is
associated with increased risk of bradycardia after ana-
lyzing data from 1200 young and adult patients from 17
randomized controlled trials. Furthermore, data from over
250 published or monitoring reports indicated that risk of
mortality from propofol-induced bradycardia is 1.4 per

100,000 patients [48]. In a review of 209 children with
Down syndrome, it was noticed that incidence of brady-
cardia was common during sevoflurane anesthesia [49].
Although, fentanyl and remifentanil are also reported to
cause bradycardia occasionally [50-52], the potential for
causing bradycardia is not reviewed for these anesthetics.

Thus, with regards to the incidence of bradycardia, use
of dexmedetomidine anesthesia appears to be safer and
manageable as no mortality was reported in the included
studies of this meta-analysis. Nevertheless, caution should
be made with younger children especially with cardiovas-
cular conditions. Combinational use of dexmedetomidine
with other suitable anesthetics can also be a fruitful strat-
egy in hemodynamically unstable or cardiovascular
patients.

Among the limitations of the present study, high sta-
tistical heterogeneity may be attributed to methodological
and clinical heterogeneity. Patients with a variety of con-
ditions and requirements are included owing to the less
availability of studies with controlled and comparative
designs. Another source of high heterogeneity could be
traced from the range of total dose which was considerably
large between the studies and might had also influenced the
overall incidence of bradycardia. Lesser data were avail-
able with regards to the duration of anesthesia or the timing
of bradycardia incidence which otherwise could help in the
prognosis assessment. Thus, future studies with more
homogeneous data can confirm these findings. To include
studies with 0% incidence of bradycardia, a value of
0.001% instead of 0% was used to meta-analyze all the
included studies owing to the statistical software require-
ment. This may also have minor effect on the weight dis-
tribution of all studies.

Conclusion

Bradycardia is an important side effect of many anesthet-
ics. Use of dexmedetomidine is increasing in clinical
practice and investigations. Incidence of the bradycardia in
the pediatric patients receiving dexmedetomidine as a sole
sedative is estimated at 3%, although between-study vari-
ation is high. Moreover, dexmedetomidine treatment is
associated with decrease in heart rate of about 17 beats per
minute. Among the prognostic factors, baseline heart rate is
identified as the determinants of minimum heart rate but
not bradycardia incidence during dexmedetomidine treat-
ment. More randomized data is required for the refinement
of these outcomes, however.
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