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ABSTRACT
Background: The inflammatory response due to cardiopulmonary bypass (CBP) activates 
different inflammatory pathways that affect multiple organs. Dexmedetomidine is proved to 
affect inflammatory marker production.
Objectives: Evaluation of the effect of Dexmedetomidine on the inflammatory response 
associated with pediatric open-heart surgery using interleukin-6 (IL-6) and interferon-gamma 
(INF-ɤ) levels.
Methods: 61children aged between one to 8 years undergoing elective repair of non-cyanotic 
congenital heart disease with CPB were randomly assigned into two groups. The control group 
(31 patients) received normal saline, whereas the Dex group (30 patients) received an initial 
bolus of Dexmedetomidine 0.5 µg/kg followed immediately by infusion of 0.5 µg/kg/hr 
continued till the end of CPB. The level of IL-6 and INF-ɤ was measured. Hemodynamic, ICU, 
and hospital data were recorded.
Results: IL-6 and INF -ɤ levels were increased significantly with time in control group, with no 
increase in their levels in the Dex group. They were significantly lower in the Dex group 
compared to the control group in samples taken during bypass, 6 h and 24 h after the 
operation (the end of surgical procedure). There was a significant difference between the 
groups regarding inotropic score and mechanical ventilation. There was no significant differ-
ence between the groups regarding complications, duration of ICU or hospital stay.
Conclusion: The use of Dexmedetomidine in pediatric cardiac surgery for non-cyanotic heart 
disease had significantly attenuated the inflammatory response. It was useful in decreasing the 
level of inflammatory mediators, inotropic support, and duration of mechanical ventilation, but 
not the ICU or hospital stay.
Trial registration: https://clinicaltrials.gov. (Identifier: NCT03163238).
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1. Introduction

Inflammatory response due to cardiopulmonary 
bypass (CBP) activates different pathways, resulting in 
cytokine production, cellular edema, endothelial 
injury, and organ ischemia [1] that affect multiple 
organs like lung, heart, brain, and kidneys [2–5]. This 
inflammatory response is exaggerated in pediatrics 
because of multiple factors such as; Major hemodilu-
tion due to small body surface area compared to the 
circuit area, which exposes them to more blood trans-
fusion and abrupt temperature changes; need for 
higher perfusion rates due to higher metabolic 
demand increasing shear stress; and the immaturity 
of organs which increases the risk and severity of 
injury[6]. Several methods have been employed to 
decrease this inflammatory response. The effect of 
prophylactic corticosteroid infusion during CPB on 
inflammatory response and on postoperative course 
is controversial [7,8]. Other pharmacologic agents are 

also used in practice and at the experimental level. 
However, evidence of the effectiveness of these thera-
pies requires further evaluation[9]. these agents 
include phosphodiesterase inhibitors[10], dopexa-
mine[11], aprotinin[12], free radical scavengers, and 
antioxidants (such as allopurinol, N-acetyl-cysteine, 
mannitol), ketamine[13], angiotensin-converting 
enzyme inhibitors[14], H2 antagonists[15], and specific 
C5a monoclonal antibodies[16].

Dexmedetomidine is α-2 adrenergic receptors ago-
nist that affects the production of cytokines and tumor 
necrosis factor-α (TNF-α) by macrophages[17]. The 
potent inhibitory effect of dexmedetomidine on 
inflammatory reactions, including edema, accumula-
tion of inflammatory cells, and production of TNF-α 
and cyclooxygenase-2 (COX-2) has been described[18].

We hypothesized that dexmedetomidine decreases 
the inflammatory response associated with pediatric 
open-heart surgery for non-cyanotic congenital heart 
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diseases. To test this hypothesis, we measured inter-
leukin-6 (IL-6) and interferon-gamma (INF-ɤ) levels as 
markers of inflammatory response in Children under-
going elective repair of congenital heart disease with 
CPB who received dexmedetomidine compared with 
saline placebo.

2. Patients and methods

This prospective, randomized, double-blind, parallel 
assignment clinical trial was carried out between 
December 2017 and May 2019. The study was carried 
out at Orman Heart Hospital, Assiut University.

2.1. Ethical considerations

It was approved by the Medical Ethics Committee, 
Faculty of Medicine, Assiut University (reference num-
ber IRB000087632). The trial was registered prior to 
patient enrollment at Clinical Trials. gov 
(NCT03163238). A written informed consent was 
obtained after detailed discussion with the parents or 
the legal guardians of the study participants.

2.2. Patients

Children between 1 and 8 years undergoing elective 
repair of congenital heart disease with CPB were 
included. Exclusion criteria included patients with cya-
notic congenital heart diseases, re-intervention sur-
gery, preoperative intake of corticosteroids, deep 
hypothermia, preoperative low cardiac output, those 
with non-palpable peripheral pulses before surgery 
(e.g., accompanying coarctation of the aorta), and 
those with inflammatory diseases like rheumatic heart 
disease or diabetes mellitus.

2.3. Randomization and blindness

A computer-based program was used to generate 
a sequence of random numbers, and patients were 
assigned into two groups to receive dexmedetomidine 
(bolus and maintenance infusion), (DEX group) and 
placebo controls (Control group) following simple ran-
domization processes. The group assignments were 
kept in well-sealed opaque envelopes and opened 
after enrollment of the patients to the study.

For each group two syringes were prepared, one of 
them is 10 ml (for bolus dose) and the other is 50 ml 
(for continuous infusion). The syringes of both groups 
are matched with each other in volume and color of 
the content. The 10 ml syringe contained only 10 ml of 
0.9% normal saline (NS) for control group or 
Dexmedetomidine (0.5 mcg/kg) diluted with 10 ml 
0.9% normal saline for DEX group. The second syringe 
(50 ml) contained only 50 ml NS for control group or 
Dexmedetomidine diluted in 50 ml NS for DEX group 

Concentration of Dexmedetomidine was diluted 
according to the body weight to fix the rate of infusion 
(1 ml/kg/hr) to achieve a concentration of 0.5 mcg/kg/ 
h for DEX group. All patients and their guardian, out-
come collectors, and data analysts were blinded to the 
study groups. The anesthetist, physician, and others in 
the operative team, such as technicians involved in 
drug preparation, were aware of patient’s grouping.

2.4. Study protocol

2.4.1. Anesthetic technique
All patients of both groups received the same techni-
que of anesthesia and CPB. An interview questionnaire 
regarding preoperative patient’s characteristic (age, 
sex, body weight, and height) and clinical data (diag-
nosis, echo findings, surgery planned, and preopera-
tive investigations) were recorded. Patients were 
premedicated with oral midazolam (0.5 mg/kg) 30 min-
utes before induction of anesthesia. Sealed envelope 
of randomization was opened by anesthetist. Patients’ 
heart rate (HR), rhythm, blood pressure, temperature, 
oxygen saturation, end tidal capnography, and degree 
of neuromuscular block were monitored. Induction of 
anesthesia was performed by sevoflurane plus fentanyl 
(5 mcg/kg) and cisatracurium (0.1 mg/kg) and was 
maintained with sevoflurane, fentanyl (1–2 mcg/kg/ 
hr), and cisatracurium (0.05 mg/kg per dose).

After insertion of a peripheral line and giving induc-
tion anesthetics, patients received the bolus syringe 
(10 ml) for over 10 minutes, followed immediately by 
a continuous infusion (1 ml/kg/h) of the infusion syr-
inge (50 ml) according to group randomization. This 
was continued throughout the operation till the end 
of CPB.

Arterial line for invasive blood pressure monitoring 
and central venous line were inserted after induction.

2.4.2. Cardiopulmonary bypass technique
The routine strategy was performed by a non-pulsatile 
heart-lung machine (Stockert Centrifugal Pump S5 
Console Roller pump 150- part No: 10–80-00, Ser No: 
10E03400, Germany). Priming of the CPB circuit was 
done with mannitol, sodium bicarbonate, and packed 
red cells given to obtain a hematocrit of 22–26%. 
Heparin 400 IU/kg was given to the patient and once 
activated clotting time reached ≥450 seconds, CPB was 
initiated. The aorta was clamped and cold blood cardi-
oplegia (15–20 ml/kg) was administered into the aortic 
root. The body (core) temperature was cooled to 
30–32°C. The cardioplegia solution was repeated 
every 20 minutes. pH-stat blood gas strategy was 
used; partial pressure of carbon dioxide in arterial 
blood (PaCO2) was maintained between 35 and 
45 mmHg. During CPB, mean systemic arterial pressure 
(MAP) was preserved between 30–60 mmHg, and 
anesthesia was conserved by sevoflurane 0.8–1.5%, 
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fentanyl (1–2 mcg/kg/hr.) and cisatracurium (0.05 mg/ 
kg per dose). Weaning from CPB was done at 37°C after 
completion of surgery. Ventilation was started, and 
patient hemodynamics and arterial blood gases were 
stabilized. Heparin was reversed by 1 mg protamine for 
every 100 IU heparin. The patients were transported to 
post-operative pediatric cardiac intensive care unit 
(PICU) post-surgery.

After arrival to the PICU, all patients were mechani-
cally ventilated till criteria of weaning from mechanical 
ventilation and extubation were fulfilled weaning from 
mechanical ventilation was done as early as possible. 
Patients received I.V. paracetamol and non-steroidal 
anti-inflammatory drugs for analgesia. Patients 
received no further sedation.

2.4.3. Assessment parameters
2.4.3.1. Primary outcome. The levels of IL-6 and INF- 
ɤ were measured in arterial blood samples withdrawn 
preoperatively (baseline), after full flow CBP, 6 h, and 
24 h post-surgery in the pediatric cardiac intensive care 
unit (PICU). IL-6 level and INF-ɤ levels were measured 
using serum samples via ELISA kits (manufactured by 
SinoGeneClon Biotech Co) with sandwich ELISA detec-
tion method.

2.4.3.2. Secondary outcome. Hemodynamic vari-
ables (HR, MAP) were recorded during surgery and 
ICU admission. The inotropic score was measured 
using the following equation:  

Inotrope Score ISð Þ ¼
Dopamine dose leftðmcg=kg=min
þDobutamine dose mcg=kg=minð Þ

þ100 xEpinephrine dose mcg=kg=minð Þ

Complications as arrythmias e.g., bradycardia 
(decrease in HR > 30%), heart block, pulmonary 
edema (defined as the occurrence of bilateral chest 
crepitations, hypoxemia, and the presence of frothy 
bloody secretions from the endotracheal tube), etc., 
were treated and recorded intra-operatively and post- 
operatively. Duration of mechanical ventilation, length 
of ICU and hospital stay, and morbidity were recorded.

2.5. Statistical methods

2.5.1. Power calculation
Based on data from previous study [19], sample size 
was calculated using G*power software 3.1.9.2. to be 
able to detect a significant difference of 48 picogram/ 
ml of interleukin 6 level between both groups, with 
standard deviation of 48 picogram/ml (effect size = 1), 
power of the study of 95%, alpha error of 5% with 
allocation ratio of 1:1 in a two-tailed study, we need 
to include total sample size of 27 patients in each 
group. Five patients were added to each group to 
compensate for dropouts.

2.5.2. Statistical tests
Shapiro–Wilk test was used to test the normality of 
continuous data. Parametric data were presented as 
mean ±SD while nonparametric data were presented 
by median (IQR). Categorical data were presented as 
numbers (percentages).

Difference between the two studied groups was 
analyzed by t-test for parametric data, Mann–Whitney 
U test for nonparametric data and ƙ2 test for catego-
rical data. Statistical significance was taken for p value 
< 0.05. All statistical analyses were performed using 
IBM SPSS statistics version 22 (SPSS Inc., Chicago, 
IL, USA).

3. Results

In this study, 31 patients in control group and 30 
patients in DEX group are analyzed [Figure 1]. There 
were no significant differences between both groups 
in age, sex, weight, and height (P > 0.05) [Table 1]. The 
Pathological Diagnosis, ischemic time, bypass time, the 
duration of surgery, dose of analgesics (fentanyl), and 
sedatives (midazolam) were comparable in both 
groups with non-significant differences, (P > 0.05) 
[Table 1].

3.1. Inflammatory markers

Levels of IL-6 and INF-ɤ increased significantly with 
time in control group, with no increase in their levels 
with time in DEX group. The levels of both inflamma-
tory markers were significantly lower in DEX group 
compared to control group at all operative and post-
operative times [Figures 2 and 3].

3.2. Inotrope score

There was significant difference between the two 
groups after weaning from CBP (control group 
7.37 ± 5.44, DEX group 3.81 ± 3.39, p value 0.009), 
after extubation (control group 6.21 ± 5.48, DEX 
group 3.57 ± 3.22 p-value 0.046), and 12 h (control 
group 6.53 ± 4.98, DEX group 3.17 ± 3.03, p value 
0.007) after ICU admission [Figure 4].

3.3. Hemodynamic variables

There was no significant difference between the two 
groups regarding MAP and HR except after extubation 
as they were significantly lower in DEX group.

There was no significant difference between the 
two groups regarding the incidence of perioperative 
complications [Table 2]. The duration of mechanical 
ventilation was significantly shorter in the DEX group 
compared with the control group (p value = 0.023) 
[Table 2]. No significant difference was recorded 
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between the two studied groups in the length of ICU 
stay (p = 0.385) or hospital stay (p = 0.087) [Table 2].

4. Discussion

Our primary outcome is to determine the levels of 
intraoperative and postoperative inflammatory mar-
kers IL-6 and INF -ɤ. The levels of both markers 
increased significantly with time in control group, 
with no increase in their levels in DEX group. The levels 
of IL-6 and INF -ɤ were significantly lower in DEX group 
compared to control group in samples taken during 
bypass, 6 h and 24 h post-surgery.

The anti-inflammatory effect of dexmedetomidine 
was studied in adult patients by Ueki M. et al in 2014. 
Patients in their study were scheduled for valve replace-
ment and coronary artery bypass grafting (CABG) sur-
gery. They investigated the levels of the nuclear protein 
plasma high-mobility group box 1 as an early mediator of 
inflammation and organ damage in ischemia-reperfusion 
injury, and plasma IL-6 levels. Dexmedetomidine started 
as 1 µg/kg for 10 min after aortic cross-clamping, and 

0.5 µg/kg/h intra-operatively attenuated the rise in both 
mediators during and after CPB[20].

In 2016, Bulow NMH. et al concluded that dexme-
detomidine as a component of total intravenous 
anesthesia modified the inflammatory response in 
23 adult patients scheduled for elective CABG surgery 
under mini-CPB. Dexmedetomidine was associated 
with a significantly reduced increase in plasma levels 
of IL-1, IL-6, TNF-α and INF-γ as samples were taken at 
baseline, 90 min and 5 h after starting mini-CPB and 
24 h after the end of surgery. They infused a low dose 
of dexmedetomidine at 0.3 µg/kg/h during the sur-
gery, which is lower than the average of the com-
monly used dose to avoid bradycardia as sufentanil 
and propofol were infused simultaneously[21].

Recently, a pilot study was conducted by Zhou et al 
in 2019 that considered valve replacement surgeries to 
observe the effect of dexmedetomidine infusion 
started before CPB on myocardial injury, oxidative 
stress, and inflammatory response indicators in periph-
eral blood. Their data suggested that dexmedetomi-
dine can reduce cardiac troponin I concentration (cTnI) 

Figure 1. Consort Flow Chart
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24 h after CPB and provide synergic benefits on inflam-
matory response[22].

In pediatric cardiac surgery, dexmedetomidine was 
investigated for its anti-stress effect by Mukhtar et al in 
2006. They demonstrated that intraoperative dexme-
detomidine infusion significantly attenuated the 
hemodynamic and neuroendocrinal response to surgi-
cal trauma and CPB in 30 pediatric patients under-
going corrective surgery for congenital heart disease. 

The use of dexmedetomidine in pediatric cardiac sur-
gery resulted in decreasing HR and MAP, with 
a concomitant reduction in cortisol, catecholamines, 
and blood glucose levels as markers of stress response. 
However, the effects on anti-inflammatory response 
were not evaluated[23].

In our study, there was no significant difference in 
MAP and HR between the two groups, except after 
extubation as they were significantly lower in DEX 
group. This can be explained by the sedating and 
sympatholytic effect of dexmedetomidine. 
Dexmedetomidine was associated with a shorter 
period of mechanical ventilation (p value 0.023).

As regard the inotropic score, it was significantly 
lower in DEX group in the first 24 hrs. The decrease in 
inotropic score can be explained by the protective 
effects of dexmedetomidine on the myocardium. 
Alpha 2-adrenergic agonists have protective effects 
against myocardial ischemia by increasing the cAMP 
level and enhancing adenosine-induced coronary 
vasodilatation effect [24].

Gupta, et al concluded that prolonged dexmede-
tomidine use in critically ill children with heart dis-
ease was associated with decreased inotropic 
support [25]. It has been proposed that α2 agonists 
such as dexmedetomidine help to restore vascular 
reactivity to exogenously administered catechola-
mines in patients with catecholamine-refractory 
shock. α 2 agonists lower intrasynaptic 

Table 1. Patients’ characteristics and operative data in the two 
study groups.

Control Group 
(n = 31)

Dex 
Group 

(n = 30)P value

Age (months) 45.4 ± 28.3 44.9 ± 25.1 0.944
sex (male/female) 16/15 17/13 0.799
Weight (kg) 14.9 ± 6.4 16 ± 6.6 0.536
Height (cm) 99.9 ± 24.8 98.4 ± 22.9 0.807

Diagnosis (N (%))
● VSD 10 (32%) 9 (30%) 0.292
● ASD 19 (62%) 17 (57%)
● Subaortic membrane 0 (0%) 3 (10%)
● Pulmonary stenosis 1 (3%) 0 (0%)
● partial atrioventricular canal 

defect
1 (3%) 0 (0%)

● Aortic stenosis 0 (0%) 1 (3%)
Bypass time(minutes) 85.5 ± 22.3 77.7 ± 22.1 0.18
Ischemic time(minutes) 56.9 ± 17.1 50.9 ± 18.5 0.198
Total fentanyl dose (ug) 77.21 ± 31.4 76.46 ± 27.89 0.922
Total midazolam dose (mg) 7.34 ± 3.26 8.12 ± 3.51 0.374

Notes: Data are represented as mean ± standard deviation, number (%). 
P value is significant ≤0.05 

Abbreviations: VSD, Ventricular septal defect; ASD, Atrial septal defect

Figure 2. IL-6 level difference between DEX and control groups with significant difference between two groups after full flow CPB, 
6 hr, and 24 hr after ICU admission.
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Figure 3. Inf gamma level difference between DEX and control groups with significant difference between two groups after full 
flow CPB, 6 hr and 24 hr after ICU admission.

Figure 4. Inotrope score in both DEX and control group.
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catecholamine concentrations leading to reduction 
in α1 desensitization, leading to gradual resensitiza-
tion of α1 receptors and a better response to exo-
genous catecholamines [26,27].

Clinical outcomes such as complications, duration 
of pediatric intensive care unit, or hospital stay showed 
no significant differences between both the groups.

A few studies focused on the effect of dexmedeto-
midine on the clinical outcomes in cardiac surgery. Ji 
F et al investigated the outcome in CABG and valvular 
replacement cardiac surgery using dexmedetomidine 
and found a decrease in post-operative complications, 
delirium, and mortality rate by up to one year[28].

A meta-analysis was done in 2016 by Geng J et al. 
on the effects of perioperative dexmedetomidine on 
patients with cardiac surgery. They concluded the 
association of dexmedetomidine with decreased risk 
of ventricular tachycardia, atrial fibrillation, and delir-
ium. Dexmedetomidine also shortened the duration of 
ICU stay and hospitalization. They also reported that 
dexmedetomidine administration was associated with 
increased risk of bradycardia and hypotension[29].

5. Limitations

This study had some limitations. First, we used IL-6 and 
INF-ɤ as biomarkers for inflammatory response to sur-
gery and CPB, however additional inflammatory mar-
kers should have been investigated. Secondly, the 
study was performed in non-cyanotic congenital car-
diac surgery which has less inflammatory response. 
Finally, a wide range of age was investigated with 
possible effects on the results.

6. Conclusion

In pediatric cardiac surgery for non-cyanotic heart dis-
ease; dexmedetomidine administration can decrease 
the inflammatory response to surgery and CBP. It was 
useful in decreasing the level of inflammatory media-
tors, inotropic support, and duration of mechanical 
ventilation, but not the length of ICU or hospital stay. 
Future studies are recommended to focus on different 

infusion doses of dexmedetomidine in Pediatrics to 
reach the optimum dose with the best possible hemo-
dynamics, to study the effect of dexmedetomidine 
after bypass – especially in patients that are extubated 
on it in the OR. Future studies will be required to 
investigate the clinical outcome.
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