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Abstract: Objective: To investigate the effect of dexmedetomidine (DMED) on acute kidney injury in children under-
going congenital heart surgery (CHS) with cardiopulmonary bypass (CPB). Methods: The children undergoing CHS 
with CPB were randomized to the control and the DMED groups. The children in the DMED group were injected with 
DMED (1 µg/kg) followed by DMED infusion (0.5 µg/kg/h) until 12 h after operation; the controls received normal 
saline. Markers were detected before operation (T0), 30 min after anesthesia induction (T1), and at 24 h, 48 h, and 
72 h after operation (T2, T3, T4). Results: The heart rate and mean arterial pressure in the DMED group decreased 
at T1 and differed from controls at T1-T3 (all P<0.05). No intergroup differences were observed in the central ve-
nous pressure and caspase-3 level (all P>0.05). The DMED group had higher central venous pressure at T3 than 
at T0 (P<0.05). At T2-T4, the DMED group had lower percentages of TLR3+ cells than the controls (all P<0.05). In 
the DMED group, the percentagesof TLR3+ cells decreased with time; whereas in the control group, the percentage 
increased with time (all P<0.05). Compared with the controls, the DMED group had lower levels of NF-κB and TLR3 
at T2-T4, lower levels of sCr, IL-1β, and TNF-α at T3-T4, and lower incidence of AKI at T3 (all P≤0.01). Conclusion: 
DMED can reduce the risk of AKI in children undergoing CHS with CPB, which may be because DMED can inhibit 
TLR3/NF-κB signaling and its downstream inflammatory mediators.
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Introduction

The incidence rate of acute kidney injury (AKI) 
in children undergoing surgical correction of 
congenital heart disease (CHD) with cardiopul-
monary bypass (CPB) is 10%-45% [1]. The 
occurrence of AKI in this operation is mainly 
related to systemic inflammatory response and 
renal tubular cell apoptosis induced by CPB 
[2-4]. It has been reported that dexmedetomi-
dine (DMED), as an α2-adrenergic receptor  
agonist, can markedly reduce the risk of AKI 
after CPB, but its detailed mechanism remains 
unclear [5-7]. The inflammatory response can 
be mediated by some members of the toll-like 
receptor (TLR) family through various channels. 
Luo et al. reported that DMED can reduce the 

inflammatory response following CPB by inhibit-
ing the expression levels of TLR2 and TLR4 in 
the peripheral blood mononuclear cells (PBMCs) 
of patients [8]. Other studies also documented 
that DMED can reduce the expressions of TLR2 
and TLR4 in PBMCs in patients [9, 10]. In recent 
years, researchers have found that TLR3/nucle-
ar factor kappa-B (NF-κB) signaling pathway in 
PBMCs and its downstream inflammatory medi-
ators such as TNF-α and IL-1β participate in  
the pathogenesis of AKI [11]. Since there is a 
lack of reports on the correlation between 
DMED and TLR3, we aimed to investigate 
whether the renal protective effect of DMED on 
children receiving congenital heart surgery with 
CPB is associated with the inhibition of TLR3 
expression.

http://www.ajtr.org
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Materials and methods

Participants

The sample size was calculated based on the 
fact that the incidence of AKI in children under-
going congenital heart surgery with CPB is 
about 30%, and we assumed that the pre-infu-
sion with DMED reduces the incidence of AKI in 
children after congenital heart surgery with 
CPB by 20%. Based on α=0.05, β=0.10, we 
estimated that 82 patients need to be enrolled 
in each group. Therefore, a total of 170 children 
who received surgical correction of CHD with 
CPB in The Second Affiliated Hospital of 
Soochow University between June 2017 and 
June 2019 were selected for this study. Of 
them, 42 patients had congenital atrial septal 
defect (ASD) and 128 patients had congenital 
ventricular septal defect. The age of the chil-
dren ranged from 1 to 6 years (4.3±0.6 years). 
Inclusion criteria were 1) Children who would 
undergo elective surgery for ASD or ventricular 
septal defect repair; 2) children with American 
Society of Anesthesiologists (ASA) class I-II; 3) 
the heart surgery would be performed under 
CPB; 4) children who had a complete clinical 
data record. Exclusion criteria were: 1) Children 
whose serum creatinine (sCr) level was over 7 
mg/L before surgery; 2) children with cyanotic 
heart disease; 3) children who had arrhythmia; 
4) children with patent ductus arteriosus; 5) 
children with coarctation of the aorta; 6) chil-
dren with severe left ventricular dysfunction 
(left ventricular ejection fraction (LVEF) <50%); 
7) children with right-sided heart failure; 8) chil-
dren who took cardiotonic drugs or vasoactive 
drugs before surgery; 9) children who had respi-
ratory diseases; 10) children who had contrain-
dications for DMED; 11) newborns less than 12 
months old. The patients were divided into the 
control group and the DMED group of 85 cases 
each according to a random number table. Age, 
gender, percentage of ASD in the control group 
were not different from those in the DMED 
group (male 40, female 45 vs. male 43, female 
42; 4.5±0.3 years vs. 4.1±0.5 years; 20 cases 
of ASD vs. 22 cases of ASD, all P>0.05). All the 
parents or the legal guardians of the children 
signed the informed consent. This study was 
approved by the Ethics Committee of The 
Second Affiliated Hospital of Soochow Univer- 
sity and complied with the Helsinki Declaration. 
All participants were registered at Chinese 
Clinical Trial Registry before enrollment to the 
study.

Methods

The pulse oxygen saturation, heart rate, and 
blood pressure were measured in all children. 
According to the literature, the recommended 
dose of DMED for renal protection is 0.2-0.7 
µg/kg/h, thus we chose a dose of 0.5 µg/kg/h 
DMED for this study [12]. At 15 min before rou-
tine anesthesia induction, the patients in the 
DMED group were given intravenous injection 
of DMED (Yangtze River Pharmaceutical, China) 
at a dose of 1 µg/kg. Fifteen minutes later, the 
patients were given a continuous infusion of 
DMED at a dose of 0.5 µg/kg/h until 12 h after 
operation; meanwhile, the patients in the con-
trol group received intravenous infusion of nor-
mal saline (Otsuka Pharmaceutical, China) until 
12 h after operation. During anesthesia induc-
tion, the patients were injected intravenously 
with 0.1-0.2 mg/kg midazolam (Jiangsu Nhwa 
Pharmaceutical, China), 0.6 mg/kg rocuronium 
(Sino Biopharma, China), 1-2 µg/kg sufentanil 
(Yichang Humanwell Pharmaceutical, China), 
and 2 mg/kg propofol (Fresenius-kabi, Ger- 
many). After anesthesia induction, the patients 
underwent tracheal intubation for mechanical 
ventilation under the laryngoscope. The tidal 
volume was maintained at 8-10 mL/kg, the  
frequency was 20-30 times/min, and the  
postapneic end-tidal carbon dioxide pressure 
(PETCO2) was maintained at 30-35 mmHg. The 
patients were catheterized through radial artery 
and right internal jugular vein guided under 
ultrasound. Compound electrolytes (2-4 mL/
kg/h) were continuously pumped to the pa- 
tients. Sufentanil (1-2 µg/kg/h) and rocuronium 
(1 mg/kg/h) were used for anesthesia main- 
tenance. The patients inhaled the mixture  
of sevoflurane (1.5%-3%, 1 L/min, Shanghai 
Hengrui Pharmaceutical, China), air (1 L/min), 
and oxygen (1 L/min) before starting CPB. 
During the operation, the bispectral index was 
maintained between 40 and 60. The whole pro-
cedure was performed by the same group of 
thoracic surgeons. If necessary, diuretics were 
used to correct urinary flow velocity. When CPB 
was stopped, the patients were given milrinone, 
dopamine, and epinephrine according to their 
conditions. Patients were dropped from the 
study if their heart failed to beat automatically 
after opening of the ascending aorta, they had 
severe arrhythmia (including atrioventricular 
block) during operation, or diuretics were used. 
The patients who dropped out were not includ-
ed in the statistical analyses.
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Outcome measures

Main outcome measures: the peripheral venous 
blood (3 mL) was collected into anticoagulation 
tubes before operation (T0), 30 min after anes-
thesia induction (T1), 24 h after operation (T2), 
48 h after operation (T3), and 72 h after opera-
tion (T4), respectively. The blood samples were 
centrifuged (8,000 rpm, 5 min) at room tem-
perature, and the serum was collected from the 
upper layer and stored at -80°C. The sCr level 
was detected with an automated biochemical 
analyzer (Beckman Coulter, USA) in the clinical 
laboratory of The Second Affiliated Hospital of 
Soochow University. ELISA was employed to 
detect interleukin (IL)-1β and tumor necrosis 
factor (TNF)-α. Flow cytometry was performed 
to detect the percentage of TLR3+ cell, and 
western blot was performed to detect the 
expression levels of NF-κB (p65), TLR3, and 
caspase-3 in PBMCs. The intraoperative fluid 
volume and urine output at different time points 
were also measured. According to the 2012 
standard by the Kidney Disease: Improving 
Global Outcomes, the diagnostic criteria of AKI 
were as follows: the renal function decreased 
rapidly within 48 hours, the sCr level increased 
by ≥26.5 µmol/L or ≥1.5 times from baseline, 
or urine output <0.5 mL/kg/h for more than 6 
hours [13]. Secondary outcome measures: the 
general information of all the patients during 
the perioperative period were recorded, includ-
ing the time from anesthesia induction to skin 
incision, operation duration, CPB duration, 
aorta blocking period, anesthesia duration, and 
values of hemodynamic markers such as heart 
rate, mean arterial pressure, and central 
venous pressure. The use of epinephrine, dopa-
mine, and milrinone during the surgery was 
also recorded.

Percentage of TLR3+ cells by flow cytometry

The peripheral venous blood at the same  
time point from each patient (2 mL) was col-
lected into the anticoagulant tubes (Beijing 
Solarbio, China) containing heparin sodium 
(Jiangsu Wanbang Biopharmaceutical, China). 
The PBMCs were separated using Ficoll lym-
phocyte separation solution (Meijing Biote- 
chnology, China). The obtained PBMCs were 
washed in phosphate buffer (HyClone, USA), 
and the cell concentration was adjusted to 
2*106 cells/mL. The cell suspension (100 µL) 
was added with 20 µL of CD14-PC5 (Miltenyi 

Biotec, Germany) to label PBMCs followed  
by incubation with 10 µL of TLR3 antibody 
(Abcam, UK) at 4°C overnight. After centrifuga-
tion, the samples were incubated with 30 µL of 
NF-κB antibody (Abcam, UK) at 4°C overnight, 
and the sample volume was fixed for testing. 
Subsequently, flow cytometry (BD FACSCanto, 
BD Biosciences, USA) was performed to deter-
mine the percentage of TLR3+ cells in the 
samples.

Detection of levels of IL-1β and TNF-α in serum 
by ELISA

Serum inflammatory factors IL-1β and TNF-α in 
children were detected using ELISA according 
to the manufacturer’s instructions of the test 
kits (Shanghai Beyotime Biotechnology, China).

Detection of protein expression levels of NF-
κB (p65), TLR3, and Caspase-3 in PBMCs by 
western blot

The total protein in PBMCs was extracted and 
placed in 1.5 mL Eppendorf tubes. The sam-
ples were treated with 500 µL of radio immu- 
noprecipitation assay lysis buffer (Shanghai 
Beyotime Biotechnology, China) containing 
phenylmethylsulfonyl fluoride and protease 
inhibitor on ice for 30 min. Next, the samples 
were centrifuged at 12,000 rpm (centrifugal 
radius: 4 cm) for 20 min at 4°C. The superna-
tant was collected by micropipette (Eppendorf, 
Germany) into a new EP tube and stored at 
-80°C. After gel preparation, 5 µL of the protein 
samples and the marker (Shanghai EpiZyme, 
China) were loaded unto the gel for electropho-
resis. The separated proteins were then trans-
ferred from the gel unto a polyvinylidene  
fluoride membrane (Roche Diagnostics, USA)  
in western transfer buffer. The membrane  
was blocked in milk (Bright Food, China) fol-
lowed by incubation with rabbit anti-human 
antibody (1:1,000, Cell Signaling Technology, 
USA) at 4°C overnight. The membrane was 
washed and incubated with sheep anti-rabbit 
secondary antibody (1:1,000, Shanghai Beyo- 
time Biotechnology, China) for 1 h. The gray-
scale value of the protein band was detected 
using chemiluminescence. The relative protein 
expression level was calculated as the ratio of 
the grayscale of the target protein to the gray-
scale of β-actin. All experiments were repeated 
three times.
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Table 1. Baseline data
Baseline data DMED group (n=84) Control (n=84) t/χ2 P
Gender (n, %) 0.095 0.758
    Male 42 (50.00) 40 (47.62)
    Female 42 (50.00) 44 (52.38)
Age (month) 33.2±18.4 32.3±15.3 0.391 0.696
BMI (kg/m2) 11.6±3.1 11.9±2.9 0.648 0.518
Height (cm) 86.28±15.34 89.11±18.04 1.173 0.242
BSA (m2) 0.60±0.15 0.57±0.17 1.213 0.227
ASD (number, %) 22 (26.19) 20 (23.81) 0.525 0.469
VSD (number, %) 62 (73.81) 64 (76.19)
Anesthesia duration (min) 237.89±51.64 248.55±56.23 1.331 0.185
Operation duration (min) 186.65±45.21 192.62±46.44 0.855 0.394
CPB duration (min) 105.83±35.65 108.21±38.36 0.532 0.595
Aorta blocking period (min) 68.38±28.95 66.32±35.72 0.409 0.683
Cooling threshold (°C) 32.61±1.28 32.35±1.47 1.491 0.138
Vasoactive drugs used in the surgery (n, %)
    Epinephrine 1 (1.19) 2 (2.38) 0.339 0.560
    Dopamine 2 (2.38) 4 (4.76) 0.173 0.678
    Milrinone 6 (7.14) 5 (5.95) 0.097 0.755
Intraoperative fluid volume (mL) 172.54±52.57 169.61±49.85 0.367 0.714
Urine output
    During CPB (mL/kg.h) 2.23±1.18 2.41±1.19 1.289 0.199
    After CPB (mL/kg.h) 2.56±1.92 2.24±2.13 0.971 0.333
    T2 (mL/kg.h) 2.94±1.04 2.56±2.32 0.365 0.715
    T3 (mL/kg.h) 3.72±1.36 3.35±1.47 1.440 0.152

    T4 (mL/kg.h) 3.85±1.27 3.63±1.56 0.365 0.615
Notes: T2: 24 h after operation; T3: 48 h after operation; T4: 72 h after operation; BSA: body surface area; CPB: cardiopulmo-
nary bypass; ASD: atrial septal defect; VSD: ventricular septal defect; DMED: dexmedetomidine; BMI body mass index.

Statistical analysis

SPSS 22.0 software was used for data analy-
sis. Measured data are presented as mean ± 
standard deviation (

_
x  ± sd). Comparison 

between the groups was conducted by inde-
pendent samples t-test. Comparison within a 
group at different time points was conducted 
by repeated-measures analysis of variance. If 
there was a difference, Bonferroni test was per-
formed for pairwise comparison. Count data 
are presented as number or percentage and 
were examined by Chi-square test or Fisher’s 
exact test. P<0.05 was considered a significant 
difference.

Results

Baseline data in the two groups

One patient in the DMED group and one in the 
control group were dropped from the study as 
they were treated with diuretics. There were no 

significant differences in the baseline data 
between the two groups as displayed in Table 1 
(all P>0.05).

Perioperative hemodynamics in the two groups

There was no intergroup difference in the heart 
rate and mean arterial pressure at T0, but there 
were intergroup differences in these markers at 
T1-T3 (all P<0.05). In the DMED group, the heart 
rate and mean arterial pressure decreased at 
T1 compared with T0 (both P<0.05). No inter-
group differences were observed in central 
venous pressure at different time points (all 
P>0.05). In the DMED group, the central venous 
pressure increased at T3 compared with T0 
(P<0.05). See Table 2. 

Percentage of TLR3+ cells in PBMCs in the two 
groups at different time points

At T0 and T1, there were no intergroup differ-
ences in the percentage of TLR3+ cells in 
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Table 2. HR, MAP, and CVP in the perioperative period
Control (n=84) DMED group (n=84) t P

HR (beat/min)
    T0 121.26±25.13 123.05±20.51 0.506 0.614
    T1 118.31±18.52 106.90±13.57a 4.554 0.000
    T2 125.30±20.13 110.42±12.44 5.763 0.000
    T3 130.46±17.28 118.59±13.17 6.272 0.000
    T4 123.28±14.53 120.49±11.66 1.815 0.071
    F 4.637 16.880
    P 0.001 0.000
MAP (mmHg)
    T0 77.16±9.56 78.53±8.47 1.170 0.244
    T1 76.35±10.02 70.26±11.38a 3.687 0.000
    T2 82.43±8.39 75.44±10.32 4.817 0.000
    T3 80.49±8.45 76.87±9.99 2.536 0.012
    T4 76.48±6.36 77.69±7.02 1.171 0.243
    F 7.572 8.918
    P 0.000 0.000
CVP (cmH2O)
    T0 6.53±2.11 6.42±1.15 0.420 0.675
    T1 6.98±1.18 7.25±1.37 1.369 0.173
    T2 7.02±1.43 7.19±1.18 0.791 0.430
    T3 7.21±1.46 7.54±1.30b 1.547 0.124
    T4 6.89±2.52 7.03±2.85 0.337 0.736
    F 1.619 5.034
    P 0.168 0.000
Note: 1 mmHg = 0.133 KPa; 1 cmH2O = 0.098 KPa. T0: before operation; T1: 30 min after anesthesia induction; T2: 24 h after 
operation; T3: 48 h after operation; T4: 72 h after operation. In the comparison of T1 and T0, 

aP<0.05; in the comparison of T3 
and T0, 

bP<0.05. HR: heart rate; MAP: mean arterial pressure; CVP: central venous pressure; DMED: dexmedetomidine.

PBMCs (both P>0.05). At T2, T3 and T4, the per-
centages of TLR3+ cells in PBMCs in the DMED 
group were lower than those in the control 
group (all P<0.05). In the DMED group, the per-
centage of TLR3+ cells decreased with time, 
and the percentages of TLR3+ cells in PBMCs at 
T2, T3, and T4 were lower than that at T0 (all 
P<0.05). In the control group, the percentage of 
TLR3+ cells increased with time, and the per-
centages of TLR3+ cells in the PBMCs at T2, T3, 
and T4 were higher than that at T0 (all P<0.05). 
See Table 3; Figures 1 and 2.

Expression levels of sCr, NF-κB, caspase-3, 
TLR3, IL-1β, and TNF-α in the two groups at 
different time points

At T3 and T4, the sCr levels in the control group 
was much higher than those in the DMED group 
(both P<0.01). The expression levels of NF-κB 
and TLR3 in the PBMCs in the DMED group 
were lower than those in the control group at 

T2, T3, and T4, and the serum levels of IL-1β 
and TNF-α in the DMED group were lower than 
those in the control group at T3 and T4 (all 
P<0.001). There were no intergroup differenc-
es in the protein expression levels of caspase-3 
in PBMCs at all time points (all P>0.05). See 
Table 4; Figures 3 and 4.

Incidence rate of AKI between the two groups 
after operation

At 48 h after operation, the incidence rate of 
AKI in the control group was higher than that in 
the DMED group (19.05%, 16/84 vs. 5.95%, 
5/84, χ2=6.585, P=0.010).

Discussion

Studies have demonstrated that the incidence 
rate of acute kidney injury (AKI) in children 
undergoing congenital heart surgery with CPB 
is about 34%, and the mortality of these AKI 
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Table 3. Percentage of TLR3+ cells in PBMCs
TLR3+ cells (%) Control (n=84) DMED group (n=84) t P
T0 3.45±0.32 3.52±0.25 1.580 0.116
T1 3.51±0.18 3.43±0.41 1.637 0.103
T2 4.23±0.24 3.06±0.20 40.617 0.000
T3 4.31±0.15 2.98±0.42 27.332 0.000
T4 4.62±0.14 2.85±0.37 41.007 0.000
F 480.50 64.34
P 0.000 0.000
Notes: T0: before operation; T1: 30 min after anesthesia induction; T2: 24 h after operation; T3: 48 h after operation; T4: 72 h 
after operation; DMED: dexmedetomidine; TLR: toll-like receptor; PBMC: peripheral blood mononuclear cells.

patients is up to 15.25% [14]. Since the inci-
dence of AKI following congenital heart surgery 
can severely affect the clinical prognosis of chil-
dren, it is essential to clarify the pathogenesis 
of AKI. Many studies have reported that the 
occurrence AKI after CPB in children may be 
related to factors such as blood glucose level, 
age, CPB duration, and aortic blocking period, 
but it is believed that postoperative systemic 
inflammatory reaction plays an even more 
important role in the pathogenesis of AKI [2, 3, 
15]. Kwon et al. found that IL-18 is a key predic-
tor of postoperative AKI and the level of IL-18 is 
associated with patients’ mortality rate [16]. 
Jacob et al. reported that the anti-inflammatory 
pretreatment with high-dose of DMED can sig-
nificantly reduce the risk of AKI in heart surgery 
[17]. Moreover, the use of a leukocyte filter in 

heart surgery can alleviate the deterioration of 
patients’ renal function [18]. These findings 
suggest that inflammatory response may play 
an essential role in the pathogenesis of AKI. At 
present, most of the studies only discussed the 
effect of DMED on the expression levels of 
TLR2 and TLR4 [8-10]. The reports on the cor-
relation between DMED and TLR3 are few. On 
the other hand, TLR3/NF-κB signaling pathway 
serves a key role in the pathogenesis of AKI, 
and DEMD has renal protective effect [11]. 
Therefore, we systematically analyzed the 
effects of DMED on the expression levels of 
TLR3 and NF-κB in PBMCs and its downstream 
signals TNF-α, IL-1β, and caspase-3 in children 
undergoing CPB.

The results in this study showed that DMED 
could significantly reduce the percentage of 
TLR3+ cells in PBMCs of children after CPB. The 
binding of TLR3 to the TIR domain-containing 
adaptor inducing interferon β can induce the 
activation of NF-κB through the N-terminal 
binding domain of tumor necrosis factor recep-
tor-associated factor 6 [19]. NF-κB can mediate 
the inflammatory response through various 
ways, especially through regulating the expres-
sion of its downstream inflammatory factors 
TNF-α and IL-1β [20]. Li. et al. found that the 
protein expression levels of NF-κB and TNF-α 
can increase markedly in the renal tissues of 
rats with paraquat-induced AKI [21]. Ding et al. 
also documented there are high expression lev-
els of IL-1β and TNF-α in the serum and renal 
tissues of rats with lipopolysaccharide-induced 
AKI [22]. In the present study, we found that the 
DMED group had a much lower level of NF-κB at 
24 h after operation and much lower levels of 
TNF-α and IL-1β at 48 h and 72 h after opera-
tion than the control group. Some studies 
revealed that continuous infusion of 0.6 µg/

Figure 1. Percentage of TLR3+ cells in PBMCs. Com-
pared with the control group, ***P<0.001; compared 
with T0 within the same group, *P<0.05. T0: before 
operation; T1: 30 min after anesthesia induction; T2: 
24 h after operation; T3: 48 h after operation; T4: 72 
h after operation; TLR: toll-like receptor; PBMC: pe-
ripheral blood mononuclear cells.
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Figure 2. Flow cytometry results of the percentage of 
TLR3+ cells. A: Flow cytometry results of the percent-
age of TLR3+ cells at T4 in the DMED group; B: Flow 
cytometry results of the percentage of TLR3+ cells at T4 
in the control group; C: Comparison of the percentage 
of TLR3+ cells between the two groups at T4. Compared 
with the control group, ***P<0.001. TLR: toll-like recep-
tor; DMED: dexmedetomidine; T4: 72h after operation.

Table 4. Expression levels of sCr, NF-κB, caspase-3, TLR3, IL-1β, and TNF-α
Control (n=84) DMED group (n=84) t P

sCr (mol/L)
    T0 79.12±9.75 78.18±8.84 0.655 0.514
    T1 77.15±10.02 79.28±11.46 1.282 0.202
    T2 84.26±15.54 83.48±17.26 0.308 0.759
    T3 93.46±17.28 85.43±16.24 3.103 0.002
    T4 106.28±14.53 87.49±14.61 4.799 0.000
NF-κB
    T0 9.68±1.12 9.25±2.36 1.509 0.133
    T1 14.25±2.86 13.69±3.23 1.189 0.235
    T2 20.18±3.83 16.47±6.54 4.486 0.000
    T3 34.28±4.54 20.67±5.44 17.604 0.000
    T4 54.19±5.75 24.08±7.72 28.668 0.000
Caspase-3
    T0 2.35±0.56 2.42±0.76 0.679 0.498
    T1 2.41±0.12 2.39±0.23 0.707 0.481
    T2 2.92±0.25 2.87±0.35 1.065 0.288
    T3 3.02±0.81 2.98±0.63 0.357 0.721
    T4 3.11±0.43 2.97±0.85 1.347 0.179
IL-1β (ng/mL)
    T0 62.49±10.03 59.63±12.85 1.608 0.109
    T1 70.15±12.54 72.59±13.69 1.204 0.230
    T2 82.55±14.49 83.49±13.82 0.430 0.667
    T3 100.06±14.48 86.49±11.33 6.764 0.000
    T4 123.59±16.26 90.48±16.69 13.023 0.000
TNF-α (ng/mL)
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    T0 87.54±12.26 90.36±17.82 1.195 0.233
    T1 103.25±16.66 108.53±24.49 1.634 0.104
    T2 145.62±20.15 151.87±29.54 1.602 0.111
    T3 263.49±26.58 195.49±20.15 18.685 0.000
    T4 350.48±27.69 261.45±24.44 22.093 0.000
TLR3
    T0 8.56±1.21 8.34±1.43 1.076 0.283
    T1 13.18±2.35 12.96±2.26 0.618 0.537
    T2 19.32±4.51 11.46±5.68 9.933 0.000
    T3 22.37±4.57 10.67±5.57 14.883 0.000
    T4 28.38±6.52 9.09±6.76 18.824 0.000

Notes: T0: before operation; T1: 30 min after anesthesia induction; T2: 24 h after operation; T3: 48 h after operation; T4: 72 h 
after operation; sCr: serum creatinine; IL: interleukin; TLR: toll-like receptor; TNF: tumor necrosis factor; DMED: dexmedetomi-
dine; NF-κB: nuclear factor kappa B.

Figure 3. Expression levels of NF-κB (p65) and TLR3 
detected by western blot. A: DMED group; B: Con-
trol group. T0: before operation; T1: 30 min after 
anesthesia induction; T2: 24 h after operation; T3: 
48 h after operation; T4: 72 h after operation; TLR: 
toll-like receptor; DMED: dexmedetomidine; NF-κB: 
nuclear factor kappa-B.

kg/h DMED in the operation can markedly 
reduce the TNF-α and IL-1β concentration in 
children after CPB, indicating DMED can inhibit 
the inflammatory reaction of infants after CPB 
[23]. NF-κB can further activate caspase signal 
transduction pathway through Fas-associated 
death domain, which can eventually lead to cel-
lular apoptosis, and caspase-3 is the main pro-
tein in the cascade reaction of caspase [24]. It 
has been confirmed that the protein and mRNA 
expression levels of caspase-3 are high in the 
renal tissues of an AKI animal model, and there 
is a correlation between the level of caspase-3 

in PMBCs and the level of caspase-3 in the 
renal tissues [22, 25]. In this study, DMED had 
no significant effect on the protein expression 
level of caspase-3 in PBMC in children. Due to 
ethical issues, we were unable to detect the 
protein expression level of caspase-3 in the 
renal tissue of children. However, Li et al. 
reported that DMED can greatly reduce the pro-
tein expression level of caspase-3 in the lung 
tissues in a dose-dependent manner [26]. 
Therefore, the effect of DMED pretreatment on 
the protein expression level of caspase-3 in the 
renal tissue of children after CPB needs to be 
further investigated.

At 48 h after operation, the incidence rate  
of AKI in the DMED group was much lower  
than that of the control group (5.95% vs. 
19.05%), indicating that DMED has a protective 
effect on the renal function of children under-
going CPB. A study by Kwiatkowski et al. 
revealed that the incidence rate of AKI after 
treatment with DMED was lower than those in 
the control group (14% vs. 26%) in children 
undergoing congenital heart surgery with CPB 
[12]. However, the incidence rates of AKI report-
ed in the study by Kwiatkowski et al. were high-
er than ours, which may be due to the fact that 
the children enrolled in that study had complex 
congenital heart disease, whereas our study 
only investigated children with simple congeni-
tal heart disease. At present, the level of sCr is 
often used as the diagnostic criteria of AKI. sCr 
is a common marker of renal function, but it is 
not sensitive as the increase of sCr level can 
only be detected at least 48 h after renal injury. 
In this study, no difference was observed in the 
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Figure 4. Expression levels of sCr, NF-κB, Caspase-3, IL-1β, TNF-α, and TLR3. A: sCr levels at different time points in 
the two groups; B: NF-κB levels at different time points in the two groups; C: Caspase-3 levels at different time points 
in the two groups; D: IL-1β levels at different time points in the two groups; E: TNF-α levels at different time points in 
the two groups; F: TLR3 levels at different time points in the two groups. Compared with the control group, **P<0.01; 
compared with the control group, ***P<0.001. T0: before operation; T1: 30 min after anesthesia induction; T2: 24 h 
after operation; T3: 48 h after operation; T4: 72 h after operation; sCr: serum creatinine; IL: interleukin; TLR: toll-like 
receptor; TNF: tumor necrosis factor; NF-κB: nuclear factor kappa-B.

sCr level between the two groups 24 h after 
operation, while the sCr in the DMED group was 
much lower than that in the control group 48 h 
after operation. This result aligned with the pre-
vious studies [27].

DMED at a dose of 0.5 µg/kg/h can achieve 
marked protective effect on the renal function 
of children undergoing congenital heart surgery 

with CPB, which may be related to the inhibition 
of the TLR3/NF-κB signaling pathway and  
its downstream inflammatory factors. However, 
we did not detect the related proteins in  
the renal tissues of children and did not set  
up different doses of DMED for comparison. 
Moreover, other possible mechanisms by which 
DMED protects the kidney in children undergo-
ing CPB need to be investigated.
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