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Effect of sevoflurane and propofol on acute kidney injury in
pediatric living donor liver transplantation
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Background: Acute kidney injury (AKI) is the primary cause of morbidity and mortality after major
abdominal surgery. However, little is known about the effect of anesthetics on the development of AKT after
pediatric liver transplantation (LT). This study aimed to compare the effects of propofol and sevoflurane
anesthetics on postoperative AKT after LT surgery.

Methods: A total of 120 pediatric patients scheduled for pediatric T were randomly assigned to receive
either continuous infusion of propofol or inhalation of sevoflurane. Serum creatinine (Scr), inflammatory
medium and oxidative stress factors and renal biomarkers were measured before surgery (T1), 5 min after
anhepatic phase (T2), 10 min after ischemia reperfusion (T3), 2 h after ischemia reperfusion (T4), 24 h
after surgery (T'5), and 3 d after surgery (T6) to evaluate the effects of anesthetics on the development of
postoperative AKI.

Results: The incidence of AKI was lower in patients receiving sevoflurane than those receiving propofol.
The mean arterial pressure was changed slightly in sevoflurane group. The inflammatory factors of
interleukin-18, tumor necrosis factor-o, and the levels of neutrophil gelatinase-associated lipocalin
(NGAL) were lower in sevoflurane group, while no oxidative stress factors [hydrogen peroxide (H,0,),
malondialdehyde and superoxide dismutase)] and interleukin-10 showed differences between the groups.
Conclusions: Anesthesia with sevoflurane may be associated with a modest decrease in the incidence of

AKIT when compared with propofol. Further clarification with relevance to such association is warranted.
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Introduction pediatric L'T recipients are scarce.

L . . The pathogenesis of LT-associated AKI remains
Pediatric liver transplantations (LT) are becoming k )
. . . . . complex, and involves hemodynamic changes that result
increasingly common for treating end stage liver disease

in children. Acute kidney injury (AKI) is one of the most

common postoperative complications that occurs after

from suprarenal inferior vena cava occlusion, ischemia-

reperfusion injury, and pharmacologic agents influencing

LT, accounting for an incidence of up to 40% to 70%
(1,2). This is associated with adverse outcomes such as
prolonged hospital stay, high morbidity and mortality rate
and increased risk of progression to chronic kidney disease
(3,4). However, in contrast to adult LT, data regarding the
incidence of the factors associated with AKI outcomes in
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renal function. This may in turn cause oxidative stress
and inflammation in the kidney (5,6). Several studies have
revealed that inflammatory reactions and oxidative stress
plays an important role in the initiation and extension
phases of AKI (7,8). Furthermore, neutrophil gelatinase-
associated lipocalin (NGAL), an early predictive biomarker
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of AKI, has been successfully used in both cardiac as well as
transplantation studies (9).

Proper use of anesthetics during perioperative period
benefited those patients undergoing organ transplantation,
as they contribute to organ protection through different
signaling pathways. Propofol and sevoflurane are widely
used general anesthetics, which modulate the inflammatory
and oxidative stress responses to surgical stimulations in
both clinical and experimental studies (10,11). It is still
unclear as to which anesthetic more effectively prevents
postoperative AKI after pediatric L'T. Hence, this study
aimed to evaluate the renal effects of propofol and
sevoflurane in pediatric LT patients through changes in
systemic hemodynamics, the levels of inflammatory and
oxidative biomarkers and NGAL levels.

Methods
Participants

This study has been approved by the ethics committee of
Tianjin First Center Hospital in China (Approval Number:
2016NO0039KY) and written informed consent was obtained
from eligible guardians. All processes conducted were
according to the approved protocol.

Eligible children (aged 5 months-2 years; and American
Society of Anesthesiologist physical status I1I to IV) between
October 2016 and October 2017 underwent elective
pediatric living related donor LT. Exclusion criteria were
as follows: pediatric patients with (I) known or suspected
allergy to propofol, soy, or egg; (II) congenital heart disease;
(IIT) impairment of renal and/or pulmonary function before
LT; and (IV) complexity due to other site operations. All
living donors were from their family members (either from
the father or mother side). Every case of transplantation
has passed the ethical review and approval from the Tianjin
First Center Hospital.

Anesthesia and design

Patients enrolled in this study were randomly assigned to
pediatric related LT with either intravenous anesthetic
propofol or volatile anesthetic sevoflurane. All patients were
randomly assigned to the groups by a computer-generated
random number system and individually sealed in envelopes.
Patients were blinded to the group assignment. Primary
and secondary outcomes were analyzed and documented
by another anesthesiologist responsible for data collection,
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but not directly involved in the treatment of patients
and blinded to randomization. No patient received any
premedication. Anesthesia was induced using scopolamine
(0.01 mg/kg), midazolam (0.15 mg/kg), etomidate
(0.15 mg/kg), fentanyl (2-5 pg/kg) and vecuronium
(0.2 mg/kg) to maintain analgesia, muscle relaxation and
sedation. In the propofol group, anesthesia was maintained
with propofol (9-15 mg-kg™"-h™"), atracurium besylate
(1-2 pg-kg”-min”") and fentanyl (1-2 pg/kg). In the
sevoflurane group, propofol infusion was replaced by
sevoflurane (0.6-1.5 MAC) till the end of the operation.
A bispectral index score was maintained between 40 and
60 during anesthesia. Invasive hemodynamic monitoring
including pressure measurement by arteria radialis puncture
and right internal jugular vein puncture were performed. In
the clinical process, we maintain the target blood pressure
by continuous infusion of dopamine, combined with
epinephrine, nitroglycerin and norepinephrine (maintained
the systolic blood pressure at 70-90 mmHg and diastolic
blood pressure at 2/3 systolic blood pressure based on
the age of child). Also the albumin and the blood product
were infused to maintain blood volume and hemoglobin at
8 g/L or more. The electrolyte and acid-base balance were
kept within the normal range during surgery. All patients
were routinely admitted to the transplantation intensive care
unit (ICU) and were intubated. No immediate extubation
was performed at the end of the surgery.

Surgery

The operative procedure was performed by using both caval
replacement and Piggyback technique. Reperfusion of the
liver started with the opening of the portal vein, followed
by opening of the artery. After arterial reperfusion, the
bile duct was connected either to the recipients’ bile duct
(choledocho-choledochostomy) or to a small-bowel loop
(hepatico-jejunostomy). A back table biopsy of the donor
liver was performed before implantation.

Blood assays

Venous blood (3 mL) was collected from the right
internal jugular catheter and placed into the vacuum
tubes containing sodium heparin. The blood samples
were collected at 6 time points: just before induction of
general anesthesia (baseline, T'1), 5 min after anhepatic
phase (12), 10 min after reperfusion of hepato-reperfusion
(T3), 2 h after reperfusion of the new liver (T4), 24 hours
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after surgery (T5) and 3 d after surgery (T6). Samples
were placed in dry tubes and then were centrifugated. The
serum was removed and stored at -80 °C till the analysis.
The serum creatinine (SCr), serum neutrophil gelatinase—
associated lipocalin (NGAL), interleukin-18 (IL-18),
interleukin-10 (IL-10), tumor necrosis factor-o. (TNF-a),
hydrogen peroxide (H,O,), malondialdehyde (MDA) and
superoxide dismutase (SOD) were analyzed at the above
mentioned time points. We used Wuhan Huamei Biological
Technology Company (Wuhan, China) for constructing the
reaction standard curves. The protein levels were calculated
while comparing the optical density values of the samples
with the standard curve.

Data collection

The following patients and preoperative variables
were included: patient characteristics such as age,
gender, height, weight, pediatric end-stage liver disease
(PELD), preoperative laboratory test results, and so
on. Intraoperative data including graft cold ischemia
time, operative time, urine output, bleeding volume,
blood products and fluid transfusions were collected.
Postoperative data including the laboratory test results, the
ICU stay time, ICU-mortality, hospitalization time, and in-
hospital mortality were collected.

Renal function assessment

The primary outcome was AKI, and was defined as any
stage of AKI according to the Kidney Disease: Improving
Global Outcomes guidelines (12); increase in SCr by
>0.3 mg/dL (>26.5 pmol/L) within 48 hours; orincrease in
SCr of >1.5 times than that of the baseline, which is known
or presumed to have occurred within or prior to 3 days; or
urine volume of <0.5 mL/kg/hour for 6 hours. The AKI
diagnoses were based on SCr concentration measured daily
for 3 consecutive days after surgery. The most recent SCr
level measured before the surgery was used as the baseline
value.

Statistical analysis

Statistical analyses were performed by using SPSS 23.0
software package for Windows (SPSS, IBM., Chicago,
IL, USA). Kolmogorov-Smirnov was used to analyze
the distribution of data. Results are presented as means
(standard deviations) or medians (interquartile ranges) or
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number of patients. Patient characteristics and perioperative
clinical data in the 2 study groups were compared by using
independent #-test or Fisher’s exact test, as appropriate.
Group comparisons of hemodynamic variables and renal
biomarkers at each time point were analyzed by using
an independent #-test. Changes in group hemodynamic
variables and renal biomarkers over time were analyzed
by using ANOVA followed by appropriate post hoc test.
Comparison of count data was used with ¢2 test or by
utilizing Fisher’s exact method. The results were evaluated
within 95% reliability index, with P<0.05 being significant.

Results

With the incidence of AKI in children after LT of
46% (13), and assumption of 25% reduction at an a-error
of 0.05 and a -error of 80%, at least 58 patients should be
included per group, with an expected drop out rate of 10%.
From October 2016 to October 2017, 151 pediatric patients
underwent living-donor LT. Of these, 31 were excluded,
due to 2 repeated operations in 2 patients, hepatic coma in
4 patients, combined operations on parts other than large
or small bowel in 3 patients, anesthetized with anesthetics
other than sevoflurane or propofol (3 with desflurane, and
5 with intravenous-inhalation combined anesthesia) in 8
patients, and no availability of preoperative or postoperative
Scr values in 12 patients. Thus, a total of 120 patients were
included in the final analysis (Figure I).

Patient characteristics and intraoperative data

A total of 120 patients were included in the final analysis.
The median follow-up for the overall patient population
was 0.8 (IQR, 0.3-2) years. Patient characteristics and
intraoperative data according to the anesthetic type
are summarized in Tzble 1. Patient characteristics, total
operative times, anhepatic time, and urine output data
were similar in both the groups. Similarly, no significant
intergroup differences were observed between epinephrine,
and dopamine requirements. No diuretics were used during

and after the surgery.

The primary outcome-AKI incidence rate

The incidence of AKI during the perioperative period was
significantly lower in the sevoflurane group than that of
the propofol group [28% (17/60) vs. 47% (28/60), P<0.05].
Changes in Scr were illustrated in 7able 2 and Figure 2. No
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Assessed for eligibility (n=151)

Excluded (n=11)

Sevoflurane group
(n=70)

Randomization (n=140)

Preoprative sCr was available (n=7)
Hepatic coma (n=4)

Y

Propofol group
(n=70)

Excluded (n=20)

Repeated operations (n=2)
Combined operations (n=3)

Postoperative sCr was avai
Loss to follow-up (n=2)

Anesthetized with other anesthetics (n=8)

lable (n=5)

\d

Sevoflurane group
(n=60)

A4

Propofol group
(n=60)

Figure 1 Patient population. Of the 151 paediatric patients who underwent liver transplantation, 11 were excluded firstly because of hepatic

coma or unavailable preoperative Scr. 140 patients were randomly divided into sevoflurane group and propofol group. Of these patients,

20 patients were excluded for the patients with repeated operations, combined operations, anesthetized with other anesthetics, unavailable

postoperative Scr and lost to follow up. Thus, 120 patients were included

intergroup differences in Scr values were observed at T1
and T2.Scr was increased significantly at T3-6 versus T1
in both the groups (all P values <0.01) and peaked at T4.
However, Scr was significantly lowered in sevoflurane group
than in the propofol group at T3-6. No patient received
prolonged mechanical ventilation (over 48 hours) or stayed in
the ICU for >1 week. Furthermore, no patient required renal
replacement therapy or diuretics during and after the surgery.

Perioperative hemodynamic changes

Hemodynamic variables were presented in Table 3. No
intergroup differences in HR or CVP were observed at
any time point. Compared with T1, the value of MAP was
significantly decreased at T2—4 and remained the lowest at
T2 (P<0.05). Notably, MAP was higher in the sevoflurane

in the final analysis (n=60, each).

group than in the propofol group at T2—4 (P<0.05). HR and
CVP over time showed no significant differences between

the 2 groups.

The differences of inflammatory factors and oxidative
biomarkers

The inflammatory factors of 1L-10, IL-18, TNF-a and
NGAL were shown in Table 4, and the trend of NGAL was
shown in Figure 3. Mean values of IL-10, IL-18, TNF-a and
NGAL reached a maximum at T4 and thereafter showed
a gradual reduction at T5 and T6 in both the groups. The
levels of IL-18, TNF-a and NGAL were significantly lower
in the sevoflurane group than in the propofol group at
T3-5 (P<0.05), and the levels of I1.-10 showed no statistical
differences between the two groups.
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Table 1 Patient demographic and perioperative data
Variables Sevoflurane group (n=60) Propofol group (n=60) P
Age (month) 7.55 (6.43-9.08) 8.25 (6.80-10.08) 0.091
Gender [boy/girl, (n)] 34/26 31/29 0.583
Weight (kg) 7.09+1.33 7.60+1.75 0.075
Height (cm) 65.47+5.10 66.37+7.10 0.427
ASA status (¢6/IV) 39/21 42/18 0.697
Etiology (n, %) 0.743

Biliary atresia 54 (90.00) 56 (93.33)

Metabolic liver disease 2(3.33) 2(3.33)

Acute liver failure 1(1.67) 0(0)

Others 3 (5.00) 2 (3.33)
PELD 16.08+3.41 17.13+2.42 0.056
INR (IU) 1.42+0.32 1.52+0.29 0.084
Pre- Scr (umol/L) 16.79+6.02 17.80+5.51 0.340
Anhepatic time (min) 44.33+11.19 46.10+£14.76 0.606
Operation time (h) 8.41+1.38 8.74+1.19 0.164
Anesthesia duration (h) 10.15+1.66 10.05+1.28 0.706
Bleeding volume (mL) 169.95+47.49 166.90+32.43 0.682
Urine volume (mL) 449.50+72.82 460.17+65.39 0.400
Intraoperative blood transfusions (U) 3.00 (2.00-4.00) 2.00 (2.00-3.88) 0.175
Intraoperative frozen plasma transfusions (mL) 400 [225-400] 400 [200-415] 0.680
Graft warm ischaemia time (min) 103.50 (61.25-140.00) 95.00 (66.00-180.00) 0.757
Extubation time (min) 180.58+85.99 168.42+77.23 0.416
ICU time (d) 3.30+0.89 3.75+1.59 0.059
Hospitalization time (d) 23.27+5.77 25.00+10.56 0.268

Values are presented as mean + SD or the number of patients (%). ASA, American Society of Anesthesiologist; PELD, pediatric end-stage

liver disease; INR, international normalized radio; ICU, intensive care unit.

The indexes of oxidative biomarkers including H,0,,
MDA and SOD in the serum were increased at T2 versus
T1 and reached a maximum value at T4. The results showed
that the levels of these oxidative biomarkers were increased
significantly at T3-5 when compared to T'1. No intergroup
differences of oxidative biomarkers were observed atany
time point (7zble 5). Excessive oxidative stress might be one
of the reasons caused due to AKI.

Discussion

Despite several advances in LT procedures, the incidence
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of postoperative AKI has been unchanged from over
the past few decades. Several studies have indicated that
postoperative AKI is a significant risk factor for the poor
prognosis after LT (2,6,14,15). Furthermore, adults and
children differ in terms of etiology of the kidney, and the
epidemiological features of AKI after pediatric LT might
differ from those after adult LT. Therefore, it is of great
clinical significance to identify potentially modifiable
perioperative factors to prevent or ameliorate AKI in
pediatric liver patients.

The existing conventional biomarkers of kidney function
included SCr, blood urea nitrogen (BUN) and urine output,
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Table 2 The differences of Scr at every time point and the incidence rate of AKI

Time Sevoflurane (umol/L) Propofol (umol/L)
T 18.79+6.02 21.80+5.51

T2 21.35+7.18 22.39+6.55
T3 43.05+10.20* 57.93+12.92"
T4 73.43+10.94*" 93.58+11.71"
T5 55.35+10.95*" 61.82+12.67"
T6 26.54+5.65* 33.34+9.89"
AKI [n (%)] 17 (28%)* 28 (47%)

Values are presented as mean + SD and the number of patients (%). T1: after induction; T2: 5 min after anhepatic phase; T3: 10 min after
ischemia reperfusion; T4: 2 h after ischemia reperfusion; T5: 24 h after surgery; T6: 3 d after surgery. Compared with propofol group,

*P<0.05; compared with T1, *P<0.05. AKI, acute kidney injury.

-o- Sevoflurane

- Propofol

100+

504

Scr (umol/L)

TT T2 T3 T4 15 76
Time point

Figure 2 The trends of Scr in sevoflurane and propofol. Values are
presented as mean = SD and the number of patients (%).Compared
with propofol group, *P<0.05; compared with Tl, "P<0.05. T1:
after induction; T2: 5 min after anhepatic phase: T3: 10 min after
ischemia reperfusion; T4: 2 h after ischemia reperfusion; T5: 24 h
after surgery; T6: 3 d after surgery.

which are currently utilized for diagnosing and staging
of AKI (16). In this study, we found a lower incidence of
AKT in the sevoflurane group according to KDIGO when
criteria compared with propofol group (28% and 47%,
respectively). Of note, our study found that at 5 min of
neohepatic phase, the levels of SCr began to increase
obviously, reaching a maximum value (1.5-fold of baseline)
at 2 h of neohepatic phase. This indicated that the renal
function was impaired after reperfusion during the surgical
procedure. There are two main reasons for the impairment
of renal function: (I) the blood flow in renal venous return
is limited because of the blockage of inferior vena cava
during anhepatic phase, which cause kidney congestion; (II)
the ischemia reperfusion syndrome (anaerobic metabolism

© Annals of Translational Medicine. All rights reserved.

in following limbs, intestinal flora shift and the entry of
bacteriocin into the blood) cause the secondary to the
kidney. Interestingly, the Scr levels of pediatric recipients in
sevoflurane group were notably decreased when compared
with those of the propofol group, although the remaining
showed a 50% increase dramatically. This suggested that
the renal protection effect of sevoflurane may be superior
over propofol in pediatric LT, implying that sevoflurane
anesthesia was associated with earlier renal recovery.
Perioperative anesthesia-related variables including
anemia and ischemia reperfusion, hemodynamic fluctuation,
and surgical stress response (2,17) were associated with
AKI in transplantation patients. Kidney is an exceptionally
sensitive organ to changes in vascular compliance and
perfusion, making AKI a frequent complication of
progressive liver disease. The blood pressure decreased
after blocking the inferior vena cava in clinical. The blood
flow to the heart reduced and heart ejection decreased
because of the blocking of inferior vena cava during the
anhepatic phase. Vasoactive drugs such as dopamine and
norepinephrine and blood products were used to increase
blood pressure so that the blood pressure is reduced by no
more than 2 minutes. Moreover, we have made statistics
on the application of vasoactive drugs and blood products,
and found no difference in the total amount of application
between the two groups. In this study, the results revealed
that the hemodynamics of patients in the sevoflurane group
when compared with those of propofol group at the time of
liver reperfusion were steady. In particular, the MABP level
in sevoflurane anesthesia group was changed to maintain
a £9.5% of the basic line from beginning till end, and
the differences showed no significance. On the contrary,
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Table 3 The changes of hemodynamic indexs (MAP HR and CVP)
Sevoflurane Propofol
Variable
MAP (mmHg) HR (beats/min) CVP (mmHg) MAP (mmHg) HR (beats/min) CVP (mmHg)

T1 53+3.1 12112 6.5+2.2 54+3.7 124+13 6.7+2.1

T2 45+2.3* 12617 5.3+2.5 42+2.9 127+15 5.1+3.5

T3 47+2.6*" 102+15 8.5+2.5 44+3.8" 105+16 8.4+2.7

T4 51+4.8* 112+13 9.2+3.2 47+4.2% 111+12 8.9+3.4
T5 53+6.2 11811 8.4+2.6 53+6.5 120+15 8.6+3.6
T6 52+4.2 116+10 8.5+2.8 53+3.8 120+11 8.5+2.3

Values are presented as mean = SD. T1: after induction; T2: 5 min after anhepatic phase; T3: 10 min after ischemia reperfusion;
T4: 2 h after ischemia reperfusion; T5: 24 h after surgery; T6: 3 d after surgery. Compared with propofol group, *P<0.05; compared with
T1, *P<0.05. MAP, mean arterial blood pressure; HR, heart rate; CVP, central venous pressure.

Table 4 The changes of inflammatory factors at every time point

) Sevoflurane Propofol
Variable IL-10 (pg/mL)  IL-18 (pg/mL) NGAL (ng/mL) TNF-o (pg/mL) IL-10 (pg/mL)  IL-18 (pg/mL) NGAL (ng/mL) TNF-a (pg/mL)
T 89.76+21.31  89.32+14.34  21.45:6.21  82.67+14.82 92.90+18.52  94.25+16.45 24.36+5.42 88.91+18.32
T2 101.65+31.44 101.23+24.23  2567+5.41  94.78+15.62  108.76+28.73 101.23+24.23  2521+7.13 93.89+11.80
T3 128.21+31.41% 121.44+33.40% 31.35+5.68° 135.42+28.83** 130.25+39.41" 127.60+31.70° 37.62+6.33" 156.76+30.36"
T4 151.82+37.74" 144.60+36.21**  40.15+9.51** 159.73+30.60*" 148.50+41.30° 169.37+27.89" 59.43+8.17" 183.57+26.53"
T5 122.19+30.21% 125.42 +21.94*  33.67+5.89*" 129.96+23.64"" 119.28+29.84" 152.64+24.31" 45.23+6.13" 141.29+25.51"
T6 94.27+27.12  97.26x19.90  22.84x9.11  95.62+25.30 91.54+28.96 100.21 +21.14  30.30£7.20 99.74+29.87

Values are presented as mean + SD. T1: after induction; T2: 5 min after anhepatic phase; T3: 10 min after ischemia reperfusion; T4: 2 h
after ischemia reperfusion; T5: 24 h after surgery; T6: 3 d after surgery. NGAL: serum neutrophil gelatinase-associated lipocalin. Compared
with propofol group, *P<0.05; compared with T1, “P<0.05. IL-18, interleukin-18; IL10, interleukin-10; TNF-o, tumor necrosis factor-a.

~®-Sevoflurane

1001 -#-Propofol
80
60

40-

NGAL (ng/mL)

204

Time point
Figure 3 The trends of NGAL in sevoflurane and propofol.
Values are presented as mean = SD. Compared with propofol
group, *P<0.05; compared with TI, *P<0.05. Tl: after induction;
T2: 5 min after anhepatic phase; T3: 10 min after ischemia
reperfusion: T4: 2 h after ischemia reperfusion; T5: 24 h after
surgery; T6: 3 d after surgery. NGAL, serum neutrophil gelatinase-
associated lipocalin; IL-18, interleukin-18; IL10, interleukin-10;

TNF-a, tumor necrosis factor-a.
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propofol infusion purely resulted in obvious variations of
MABP at a level of +12.7%. This may partly explain as to
why sevoflurane anesthesia showed better renal function
than propofol in pediatric LT patients.

Recent studies have reported that markers of oxidative
stress and inflammation are associated with AKI (18,19).
Due to major surgical trauma and complex pathological
physiology in LT oxidative stress and inflammation were
intimately related to perioperative anesthesia management
and long term prognosis. The pro-inflammatory cytokines,
TNF-a and IL-18, were identified as mediators of ischemic
injury in the kidney and have been shown to be reliable
markers of and contributors to AKI (20). IL-10 is a potent
inhibitor of monocyte/macrophage function, suppressing
the production of many pro-inflammatory cytokines (21).
NGAL is a gene that has been shown to be dramatically
upregulated and expressed in the renal tissues during
ischemia. It is considered as a potentially useful marker
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Sevoflurane Propofol

Variable

SOD (U/mL) MDA (nmol/mL) H,O, (mmol/L) SOD (U/mL) MDA (nmol/mL) H,O, (mmol/L)
T 26.34+5.52 3.21x0.24 44.32+8.93 27.23 +7.14 4.02+0.71 40.62+6.90
T2 31.14+6.89 4.45£1.13 79.84+11.82° 33.45+5.90 4.82+1.35 84.85+12.42*
T3 35.81+6.41" 6.36+1.15" 100.43+21.76" 40.25+9.41* 6.18+1.04 102.64+25.47"
T4 74.12+9.25" 8.57+1.56" 124.84+27.93" 70.40+11.47* 9.32+1.40 135.95+35.53"
T5 56.32+8.46" 5.42+0.94" 97.96+27.82" 50.56+10.72* 6.02+1.11" 99.77+31.10"
T6 30.46+11.42 3.33+1.03 48+21.20 31.54+8.92 4.21+1.14 49+19.80

Values are presented as mean = SD. T1: after induction; T2: 5 min after anhepatic phase; T3: 10 min after ischemia reperfusion;
T4: 2 h after ischemia reperfusion; T5: 24 h after surgery; T6: 3 d after surgery. Compared with propofol group, *P<0.05; compared with
T1, *P<0.05. H,0,, hydrogen peroxide; MDA, malonic dialdehyde; SOD, superoxide dismutase.

for the detection of early renal tubular injury in renal
transplantation as well as LT patients (22). The results
in our study suggested that after liver reperfusion, the
inflammatory mediator including TNF-a, IL-18 and IL-
10 and levels of NAGL were increased dramatically in
the serum. Unexpectedly, the levels of TNF-a, IL-18 and
NAGL in sevoflurane group were significantly lowered
than those under propofol anesthesia. However IL-10 levels
showed no difference between both the groups. Apparently,
sevoflurane when compared with propofol might be in favor
of providing renal protection in pediatric LT patients.
Oxidative stress has also been reported to be a
contributing factor to renal injury, especially during the
early stages of ischemia-reperfusion (23). Some oxidative
biomarkers, such as SOD, MDA, and H,0O, were used
as valuable indicators of oxidative stress (24,25). SOD
is a major antioxidant enzyme that contributes to the
destruction of free superoxide radicals and other reactive
oxygen species, blocking free radical-induced damage in
the body (26). MDA is a marker of free radical species-
related injury, and H,O, is the main reactive oxygen species
produced. Of note, these oxidative stress mediators were
dramatically increased when compared with the basic data
in the neohepatic phase, reflecting the degree of oxidative
damage and acute renal injury (27). However, the levels
of increased mediators showed no differences between
both the groups. Therefore, the two anesthetic drugs had
identical anti-oxidative properties in pediatric LT patients.
However, our study has several limitations that need to
be acknowledged. This study is a single-center, randomized
controlled study with a small sample size. Further large,
multicenter prospective trials are needed to establish

© Annals of Translational Medicine. All rights reserved.

such association. Secondly, the serum examination might
be a sensitive and poor specificity test, indicating early
and minor changes in kidney function and is affected by
muscle wasting and ascites (28,29). Recent studies have put
forwarded that urine biomarkers including inflammatory
and oxidative factors might also be considered as early
indicators of AKI following L'T" (30).

In conclusion, to the best of our knowledge, this is the
first study to compare the incidence of postoperative AKI
under different anesthetic agents after pediatric LT. Above
all, sevoflurane anesthesia may be considered as a way to
attenuate renal injury by stabilizing the hemodynamic
changes, regulating oxidative stress and inflammatory action
and so on. Especially, NAGL, as a useful marker, maybe
useful for the detection of early renal tubular injury in renal
transplantation as well as L'T" patients.
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