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Myocardial protective effects of dexmedetomidine
in patients undergoing cardiac surgery:
A meta-analysis and systematic review
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Abstract. Arrhythmias are the common complications
following cardiac surgery and contribute to hemodynamic
instability, cognitive impairment, thromboembolic events,
and congestive heart failure. Prevention of atrial fibrillation
following cardiac surgery reduces morbidity and among the
many available preventive approaches dexmedetomidine
shows many positive effects on cardiovascular stability.
Even though many studies indicated the beneficial effects of
dexmedetomidine, the power of the analysis and conclusion of
these studies is rather weak due to relatively smaller number
of patients in these studies. In the present meta-analysis,
we included a large number of patients, both children and
adults, undergoing cardiac surgery, to address the efficacy of
dexmedetomidine. Several databases were searched to identify
clinical studies comparing the efficacy of dexmedetomidine in
myocardial protection in patients undergoing cardiac surgery.
Cardiac function related parameters including heart rate,
blood pressure, tachycardia, arrhthmias, and bradycardia were
measured. In accordance with the selection criteria, a total of
18 studies published between 2003 and 2016, with a total of
19,225 patients were included in the present meta-analysis.
Dosage of dexmedetomidine was in the range of 0.5-1 ug/kg
body weight loading followed by continuous infusion at a rate
of 0.2-0.7 pug/kg/h. Dexmedetomidine treatment was found
to lower heart rate, systolic blood pressure, incidence of
tachycardia and arrhythmias in both adult and pediatric
patients, but elevated the risk of bradycardia. In conclusion,
results of this meta-analysis indicate that dexmedetomidine
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is an efficacious cardioprotective drug in adults and children
undergoing cardiac surgery.

Introduction

Atrial arrhythmias are the most common complications
following cardiac surgery and contribute to hemodynamic
instability, cognitive impairment, thromboembolic events,
and congestive heart failure and prevention of atrial fibril-
lation following cardiac surgery reduces morbidity and
mortality (1,2). During surgery and anesthesia, many patients
undergo hemodynamic depression and this is more often seen
in patients with hypertension or myocardial insufficiency (3).
Many of the available clinical approaches for addressing this
are not completely safe and dexmedetomidine has been shown
to have many positive effects on cardiovascular stability in
patients undergoing cardiac surgery (4,5). Dexmedetomidine,
a highly selective and potent a2-adrenoreceptor agonist, with
analgesic as well as anaesthetic effects also has other beneficial
effects including reduction in the release of catecholamine (6),
incidence of postoperative delirium (7,8), and also need for
anesthetics (9,10). Because of these multiple beneficial effects
dexmedetomidine is widely used in various surgeries and inten-
sive care units. Many studies have shown that dexmedetomidine
lowers the myocardial complications following cardiovascular
surgery in adults (11,12). It has been reported that postoperative
myocardial injury and arrhythmic events were decreased in
patients administered dexmedetomidine (13).

Besides its use in adult patients, dexmedetomidine has also
been found to be effective in children undergoing surgery for
congestive heart failure in reducing post-operative cardiac
complications (14). It has been observed that dexmedeto-
midine usage in children led to more stable intraoperative
hemodynamics, reduced mechanical ventilation times and
analgesia requirements along with lower incidence of agitation
and delirium, similar to the effects in adults. However, periop-
erative bradycardia and hypotension are common in patients
receiving dexmedetomidine and care must be taken to control
the extent of bradycardia and hypotension. Considering that
hypotension and bradycardia are often seen in patients under-
going cardiac surgery, the possibility that dexmedetomidine
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may further aggravate their incidence exists (3). Even though
many studies with a smaller number of patients and also
some meta-analysis studies indicated the beneficial effects of
dexmedetomidine, the power of the analysis and conclusion of
the studies is rather weak due to relatively smaller number of
patients and included studies.

Materials and methods

Objectives. In the present meta-analysis, we included studies
from 2003 to 2016 and a large number of patients, both chil-
dren and adults, undergoing cardiac surgery, to address the
efficacy of dexmedetomidine to control adverse effects of
surgery and the results are strongly suggest that dexmedeto-
midine has many beneficial effects both in children as well as
adults, following cardiac surgery.

Methods

Criteria for considering studies for this review. In the present
meta-analysis, both randomized and non-randomized studies
that examined and compared the efficacy of dexmedetomidine
in patients of all ages, undergoing different types of cardiac
surgery are included. All the studies included a control group
of patients, receiving either placebo or other analgesic/anaes-
thetic, for comparison with dexmedetomidine group. Studies
that addressed the effectiveness of dexmedetomidine during
non-cardiac surgeries were not included. In order to increase
the strength of the analysis, we included studies on children
as well as adults as the type of surgeries and the outcomes
measured were the same and thus relate to the effectiveness of
dexmedetomidine.

Search methods. Publications describing the relevant infor-
mation were searched in PubMed, Google Scholar, Scopus
and Web of Science databases. Search MeSH terms included
dexmedetomidine, cardiac surgery, atrial fibrillation, arrhyth-
mias, myocardial infarction, cardiac protection, tachycardia,
bradycardia, hypotension and systolic blood pressure. Papers
published in English language in the last 20 years were
searched. All the authors of these meta-analysis citations
initially screened the articles for relevance at the title and
abstract level and full reports and supplemental information
files were retrieved as per the relevance of the selected study.

Data collection and analysis and quality assessment. The data
extracted from the included studies are as follows: Institutional
details where the study was conducted and the authors, publi-
cation details, the total number of patients studied and the
number of patients in dexmedetomidine treated and control
groups, age, and gender of the studied patients. Also, the type of
cardiac surgery and the dosage of dexmedetomidine employed
were collected. Besides, results on heart rate and systolic
blood pressure before and after dexmedetomidine treatment,
and tachycardia, bradycardia and atrial fibrillation events in
control and dexmedetomidine treated groups were collected.
Co-authors of this meta-analysis study independently screened
all the data items and the full texts of all selected studies. The
collected information was then combined and reviewed collec-
tively and final data collected were decided by discussion and
consensus.
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Figure 1. Study selection flow chart.

Statistical analysis. The statistical analyses were performed
by Review Manager (RevMan) version 5.3 (The Cochrane
Collaboration, London, UK). The comparative effect of
dexmedetomidine administration versus control (placebo or
other anaesthetic/analgesic) was analyzed by Mantel-Haenszel
statistics in the random-effect model. For heart rate and systolic
blood pressure effects, mean difference was calculated and for
tachycardia, bradycardia and atrial fibrillation analyses, odds
ratios (OR) were derived at 95% confidence intervals (CI).
P<0.05 was considered to indicate a statistically significant
difference.

Results

A total of 1,005 studies were identified in database search, that
contained the search terms, in title, abstract or main text. All
the authors of this meta-analysis participated in deciding on
the studies to be included the present meta-analysis. In accor-
dance with the selection criteria, a total of 18 studies (13,15-31)
published between 2003 and 2015 were selected. A total of
19,225 patients were included in these studies and formed
part of the present meta-analysis. Flow chart of study selec-
tion (Fig. 1) gives the details of selected studies based on
inclusion and exclusion criteria. The total number of patients
treated with dexmedetomidine was 2,045 and the number of
control patients was 17,734.

The demographic characteristics of patients included in
this study are given in Table I. In most of the included studies,
there was a higher proportion of males and the age of patients
ranged from less than a year to 71 years, as the age was not an
exclusion criteria. All the patients were suffering from cardiac
abnormalities and underwent surgery for ventricle or septal
repair, or aortic defects, cardiopulmonary bypass, coronary
artery bypass grafting or off-pump coronary artery bypass
grafting surgery. Dosage of dexmedetomidine was in the range
of 0.5-1 ug/kg body weight loading followed by continuous
infusion at a rate of 0.2-0.7 ug/kg/h. The body weights of
patients ranged from 3 to 89 kg (Table I).

Comparative analysis of cardiac parameters before
administration of dexmedetomidine, preoperatively and
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Table I. Demographic characteristics of patients in the included studies.
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Study Patients on Dex
Author (Refs.) Year (% males) Age BW (kg) Dex dose/administration Cardiac diagnosis
Herr et al (15) 2003 148 1.0 ug/kg loading; Cardiac surgeries
0.2-0.7 pg/kg/h infusion
Corbett et al (16) 2005 43 63 years 89 1 pg/kg loading; Coronary artery
0.4 pg/kg continuous infusion bypass grafting
Chrysostomou et al (17) 2008 14 (79) 2 months 4 1.1£0.5 pg/kg loading; Arrhythmias
0.9 ug/kg continuous infusion
Shehabi et al (20) 2009 152 60 years 0.1-0.7 ug/kg/h Cardiac surgeries
Chrysostomou et al (18) 2010 51 (61) 0.5 year 34 1 ug/kg loading; 0.9 ug/kg Ventricle and septal
continuous infusion defects repair
Anger et al (21) 2010 28 0.6£0.1 ug/kg/h Cardiac surgeries
Hosokawa et al (22) 2010 56 1 year 0.4-0.6 pg/kg/h Cardiac surgeries
Chrysostomou et al (19) 2011 32 (66) 4.8 months 53 1 pg/kg loading; 0.5 ug/kg Ventricle, aortic,
continuous infusion septal defects repair
Jietal (23) 2013 568 (72) 63 years 0.24-0.6 ug/kg/h Cardiopulmonary
bypass
Ren et al (13) 2013 81 (31) 60 years 0.2-0.5 ug/kg/h Coronary artery
bypass grafting
Tosun et al (24) 2013 18 (72) 60 .4 years 71.5 0.5 pg/kg loading; 0.5 ug/kg/min Coronary artery
continuous infusion bypass grafting
Gu et al (25) 2014 14 (86) 5.2 years 22.5 1 pg/kg loading; 0.01 pg/kg/min  Laparoscopic
continuous infusion surgery
Rajput et al (26) 2014 110 (86) 2.8 years 10 0.5 nug/kg loading; 0.5 pg/kg/min  Tetralogy of Fallot
continuous infusion
Turan et al (27) 2014 765 (70) 58 years Cardiac surgeries
Narisawa et al (28) 2015 16 (75) 71.3 years 0.3+0.2 ug/kg/h during night time Cardiac surgeries
Jiang et al (29) 2015 77 17.7 years 0.25-0.75 pg/kg/h Congenital
heart disease
Cheng et al (30) 2015 29 6.6 months 5.5 0.5-0.7 pg/kg/h Congenital
heart disease
Chi et al (31) 2016 34 (65) 56 years 69 1 pg/kg loading; 0.6 ug/kg Off-pump coronary
continuous infusion artery bypass
grafting surgery

following treatment with dexmedetomidine post-operatively
revealed that heart rate in most studies decreased significantly
in dexmedetomidine receiving patients, both young and
old (Table II and Fig. 2). Mean difference analysis showed
that dexmedetomidine treatment favors lower heart rate
(P<0.00001). Similarly, another cardiac parameter, systolic
blood pressure, showed a decline in many studies and mean
difference analysis that dexmedetomidine has a strong
tendency for lowering systolic blood pressure in both adult
and pediatric patients (Table II; Fig. 3, P<0.0006). These
analyses confirmed the earlier meta-analysis results in a
small group of studies with much lower number of pediatric
patients (14).

Incidence of tachycardia and arrhythmias is common
during surgery due to the procedures involved such as tracheal
intubation, which elevates sympathetic and sympathoadrenal
activity. The increased sympathoadrenal activity not only

leads to tachycardia and arrhythmias, but also to increased
myocardial oxygen consumption and ischemia (32). In the
present meta-analysis, we found that the number of tachycardia
events (Table III; Fig. 4, P<0.00001) were significantly lower
in patients receiving dexmedetomidine, as compared to
control patients (OR, 7.2; 95% CI limits 3.12, 16.64). The
number needed to treat (NNT) is 431, indicating a significant
benefit by dexmedetomidine treatment. However, the number
of atrial fibrillation events (Table III; Fig. 5, P=0.23) in
dexmedetomidine treated group is not significantly different
from control patients, even though there was a tendency
towards a lower incidence (OR, 2.51; 95% CI limits 0.56,
11.22). This is presumably because only three studies were
included in this meta-analysis as other studies did not report
the incidence of atrial fibrillation events in their patients and
because of this, the power of this analysis for atrial fibrillation
events was less.
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Table II. Effect of dexmedetomidine treatment on heart rate and systolic blood pressure of patients undergoing cardiac surgery.

Heart rate Systolic blood pressure
Study
Author (Refs.) Year Before Dex Post-Dex Before Dex Post-Dex
Chrysostomou et al (17) 2008 145+12 12448 80.5+17.3 73.4+10.1
Chrysostomou et al (18) 2010 14022 115423 - -
Chrysostomou et al (19) 2011 144+5 130+4 87+5 84+4
Ren et al (13) 2013 768 6415 13511 105+9
Tosun et al (24) 2013 84+16 76x12 155420 10624
Gu et al (25) 2014 115433 86+15 83.5+23 85.2+21
Rajput et al (26) 2014 132+18 122+14 82+13 73x12
Narisawa et al (28) 2015 62.4+11.1 69.9+11.3 - -
Cheng et al (30) 2015 145422 110+13 85+15 7515
Chi et al (31) 2016 85+10 72+5 101£5 84+6
Post-Dex Before-Dex Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Chrysostomou 2011 130 4 32 144 S 32 13.0% -14.00[-16.22, -11.78) -

Ren 2013 64 15 81 76 8 81 12.3% -12.00[-15.70, -8.30] -

Chi 2016 72 5 34 8 10 34 123% -13.00[-16.76, -9.24] -

Rajput 2014 122 14 110 132 18 110 12.0% -10.00[-14.26, -5.74] -

Chrysostomou 2008 124 8 14 145 12 14 9.9% -21.00[-28.55, -13.45] —_

Narisawa 2015 69.9 113 16 624 111 16 9.7% 7.50[-0.26, 15.26) =

Chrysostomou 2010 115 23 51 140 22 51 9.1% -25.00[-33.74, -16.26) —

Tosun 2013 76 12 18 B84 16 18 87% -8.00 [-17.24, 1.24) —e—

Cheng 2015 110 13 29 145 22 29 B.7% -35.00[-44.30, -25.70] —_—

Gu 2014 86 15 14 115 33 14 4.1% -29.00[-47.99, -10.01)

Total (95% CI) 399 399 100.0% -14.67 [-19.30,-10.03) &

i L - it = = - 1 - : +
Heterogeneity: Tau* = 41.76; Chi* = 66.46, df = 9 (P < 0.00001); I’ = 86% 100 =0 o 20 760

Test for overall effect: Z = 6.20 (P < 0.00001)

Favours [Post-Dex] Favours [Before-Dex]

Figure 2. Effect of dexmedetomidine treatment on heart rate in patients with cardiac surgery. Forest plot of mean difference analyzed by inverse variance (IV)

analysis in random-effect model at 95% confidence intervals (CI).

Post-Dex Before-Dex Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chrysostomou 2011 84 4 32 8 5 32 141% -3.00(-5.22, -0.78) -
Chi 2016 84 6 34 101 S 34 14.0% -17.00[-19.63, -14.37] -
Ren 2013 105 9 81 135 11 81 13.9% -30.00[-33.10, -26.90] -
Rajput 2014 73 12 110 82 13 110 13.9% -9.00([-12.31, -5.69] -
Cheng 2015 75 15 29 8 15 29 12.7% -10.00[-17.72, -2.28] ——
Chrysostomou 2008 734 101 14 B80S 173 14 117% -7.10[-17.59, 3.39] —T
Tosun 2013 106 24 18 155 20 18 10.2% -49.00[-63.43, -34.57] —_—
Gu 2014 852 21 14 835 23 14 9.4% 1.70[-14.61, 18.01] I
Total (95% CI) 332 332 100.0% -15.17[-23.82,-6.52) <&
Heterogeneity: Tau? = 137.23; Chi? = 237.29, df = 7 (P < 0.00001); > = 97% t f t t
-100 -50 0 50 100

Test for overall effect: £ = 3.44 (P = 0.0006)

Favours [Post-Dex] Favours [Before-Dex]

Figure 3. Effect of dexmedetomidine treatment on systolic blood pressure in patients with cardiac surgery. Forest plot of mean difference analyzed by inverse

variance (IV) analysis in random-effect model at 95% confidence intervals (CI).

Since it has been reported earlier that perioperative
bradycardia and hypotension are common in patients receiving
dexmedetomidine (3) and considering that hypotension and
bradycardia are often seen in patients undergoing cardiac
surgery, we examined the effect of dexmedetomidine
treatment on the incidence of bradycardia, both in children
as well as adults. The present meta-analysis also showed a

significant preponderance of patients with bradycardia in
dexmedetomidine group, as compared to controls (Table III;
Fig. 6, P<0.001), confirming earlier observations, but adding
more power to the conclusions reached (OR, 0.43; 95% CI
limits 0.25, 0.72). The Relative Risk of developing bradycardia
was found to be 26.3 (95% CI limits, 16.3, 42.4; P<0.0001)
and NNT was 29.3, indicating strong possibility for the
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Table III. Effect of dexmedetomidine treatment on post-operative cardiac parameters in patients undergoing cardiac surgery.

Control patients Dex-treated patients
Atrial Atrial
Study No.of Tachycardia Bradycardia fibrillation = No.of Tachycardia Bradycardia fibrillation
Author (Refs.) patients events events events patients events events events
Herr et al (15) 147 7 2 - 148 0 2 -
Corbett et al (16) 46 1 - - 43 0 - -
Shehabi et al (20) 147 2 9 - 152 2 25 -
Chrysostomou et al (18) 25 0 0 - 51 0 1 -
Anger et al (21) 28 - 4 - 28 - 5 -
Hosokawa et al (22) 85 - 7 - 56 - 12 -
Chrysostomou et al (19) 20 10 2 - 32 2 2 -
Ren et al (13) 81 12 - 5 81 2 - 1
Rajput et al (26) 110 22 - 110 2 -
Turan et al (27) 17,011 - - 2,756 765 - - 124
Jiang et al (29) 5 - 0 - 9 - 6 -
Narisawa et al (28) 29 - - 10 16 - - 1
Dex Control Odds Ratio (Non-event) Odds Ratio (Non-event)

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Herr 2003 0 148 7 147 79%  15.85(0.90, 280.18] 2003

Corbett 2005 0 43 1 46 6.4% 2.87[0.11, 72.32] 2005 —

Shehabi 2009 2 152 2 147 15.7% 1.03 [0.14, 7.44] 2009 —

Chrysostomou 2010 0 51 0 25 Not estimable 2010

Chrysostomou 2011 2 32 10 20 20.6% 15.00 [2.80, 80.36] 2011 —_—

Ren 2013 2 81 12 81 24.0% 6.87 [1.49, 31.77] 2013 —

Rajput 2014 2 110 22 110 25.4% 13.50(3.09, 58.99] 2014 —

Total (95% CI) 617 576 100.0% 7.20 [3.12, 16.64) <

Total events 8 54

Heterogeneity. Tau? = 0.15; ChiZ = 5.79, df = 5 (P = 0.33); I? = 14%

L d d d
0.001 0.1 1 10 1000

Test for overall effect;: Z = 4.62 (P < 0.00001) Favours [control] Favours [Dex]

Figure 4. Prevention of tachycardia by dexmedetomidine in patients undergoing cardiac surgery compared to control patients. Forest plot of odds ratio,
analyzed by Mantel-Haenszel statistics in the random-effect model.

Dex Control Odds Ratio (Non-event) Odds Ratio (Non-event)
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Ren 2013 1 81 5 81 24.6% 5.26 [0.60, 46.09] 2013
Tarun 2014 124 765 2756 17011 50.6% 1.00[0.82, 1.22] 2014
Narisawa 2015 1 16 10 29 24.7% 7.89[0.91, 68.75] 2015 T
Total (95% CI) 862 17121 100.0% 2.51 [0.56, 11.22] T
Total events 126 2771
Heterogeneity: Tau? = 1.14; ChiZ = 5.69, df = 2 (P = 0.06); I = 65%

L L L 1l
0.001 0.1 1 10 1000

Test for overall effect: Z = 1.20 (P = 0.23)
Favours [control] Favours [Dex]

Figure 5. Prevention of atrial fibrillation by dexmedetomidine in patients undergoing cardiac surgery compared to control patients. Forest plot of odds ratio,
analyzed by Mantel-Haenszel statistics in the random-effect model.

development for bradycardia in dexmedetomidine treated  patients, even though there are many clinical studies indicating

patients. the beneficial effects of this drug in cardiac protection following
surgery. Also, there were few studies indicating a lack of cardiac
Discussion protection effects by dexmedetomidine in adult patients under-

going coronary artery bypass grafting with cardiopulmonary
There have been few meta-analysis studies addressing the  bypass (24). This raised questions regarding the wider useful-
effects of dexmedetomidine specifically in cardiac surgery ness of dexmedetomidine, as a cardioprotective drug during
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Dex Control Odds Ratio (Non-event) Odds Ratio (Non-event)
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Herr 2003 2 148 2 147  6.9% 1.01[0.14, 7.24] 2003
Shehabi 2009 25 152 9 147 41.9% 0.33[0.15, 0.74] 2009 ——
Hosokawa 2010 12 56 7 85 266% 0.33[0.12, 0.90] 2010 ——
Chrysostomou 2010 1 51 0 25 2.6% 0.66 [0.03, 16.79] 2010 —
Anger 2010 5 28 4 28 13.0% 0.77[0.18, 3.22] 2010 —
Chrysostomou 2011 2 32 2 20 6.4% 1.67 [0.22, 12.88] 2011 S I
Jiang 2015 6 9 0 5 2.7% 0.05 [0.00, 1.17] 2015 ———
Total (95% CI) 476 457 100.0% 0.43 [0.25, 0.72] L 2
Total events \ 53 . 24 ,
Heterogeneity. Tau® = 0.00; Chi‘ = 5.59, df = 6 (P = 0.47); I = 0% 0.001 o1 ] 10 1000

Test for overall effect: Z = 3.22 (P = 0.001)

Favours [control] Favours [Dex]

Figure 6. Increased incidence of bradycardia in patients undergoing cardiac surgery treated with dexmedetomidine compared to control patients. Forest plot
of odds ratio, analyzed by Mantel-Haenszel statistics in the random-effect model.

cardiac surgery. We addressed this issue with respect to few
important parameters, known to be influenced by dexmedeto-
midine, such as heart rate, systolic blood pressure, tachycardia,
arrhthmias and bradycardia. In a meta-analysis of patients
undergoing non-cardiac surgeries, it was noted that dexme-
detomidine improved cardiac outcomes including myocardial
ischemia and non-fatal myocardial infarction while increasing
peri-operative hypotension and bradycardia (33). In another
meta-analysis of studies including randomized clinical trials of
non-cardiac surgery patients, it was observed that dexmedeto-
midine significantly lowered the length of ICU stay, shortened
the duration of mechanical ventilation, even though this drug
increased the incidence of bradycardia (34). In patients with
cardiac surgery, a meta-analysis showed that dexmedetomidine
greatly reduces the length of mechanical ventilation and also
lowers risk of delirium and ventricular tachycardia, following
surgery (7). However, heart rate and systolic blood pressure
were not analyzed in this study. A more recent meta-analysis
on pediatric clinical studies with patients undergoing surgery
for congenital heart disease, concluded that dexmedetomidine
likely improves cardiac function in children; but the included
studies were few and are mostly observational studies and thus
the conclusions of this analysis were based on less number of
patients and studies.

The present meta-analysis included much larger number
of studies and patients were undergoing only cardiac related
surgeries, where cardiac protection is the major issue. In this
meta-analysis, we noted that the long-suspected beneficial
effects of dexmedetomidine are true both for adults as well
as children, undergoing cardiac surgery. While dexmedetomi-
dine improves heart rate, systolic blood pressure and lowers
tachycardia and arrhythmias, this drug also increased the inci-
dence of bradycardia, indicating that care must be taken while
administering dexmedetomidine, particularly to patients who
are in shock and those with a transduction block. However,
earlier studies suggested that the increased bradycardia did not
increase the length of hospital stay (14).

Overall, this meta-analysis suggests that the use of dexme-
detomidine in cardiac surgery patients has many beneficial
cardioprotective effects, irrespective of the age group of the
patients. The major weakness of this meta-analysis is the inclu-
sion of both randomized and non-randomized clinical studies,

but this also increased the power of analysis by increasing
the number of included studies and patients to reach valid
conclusions with regard to the beneficiary effects of dexme-
detomidine. Another possible weakness is to combine pediatric
and adult patients in the same analysis and we did this particu-
larly in increase the number of included and analyzed studies
and to enhance the predictive power of this analysis. This also
indicates that there is a need for larger number of randomized
clinical trial studies in either adult or pediatric patient popula-
tion, with more number of enrolled patients. It is interesting to
note that only in 2008, the US Food and Drug Administration
(FDA) approved the use of dexmedetomidine for sedation in
adults and this drug represents only 4% of the currently used
drugs outside the operating room (35). Even though dexme-
detomidine has not yet been approved by FDA for use in
pediatric patients, clinicians have found it to be an important
drug for cardioprotection and as an adjunctive anesthetic agent
in children undergoing surgery for repair of congenital heart
defects. Despite the setbacks of this meta-analysis, described
above, the results indicate that dexmedetomidine is an effica-
cious cardioprotective drug in adults and children.
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