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Background: Our study compared the myocardiac protective effect of propofol vs. sevoflurane in pediatric patients receiv-
ing living donor liver transplantation (LDLT) surgery.
Material/Methods: We randomly and equally divided 120 children who underwent LDLT into a sevoflurane group and a propofol
group. Preoperative, intraoperative, and postoperative data were collected and compared between the 2 groups.
The concentrations of cTnl, CK-MB, IL-6, TNF-c, and HWGB1 at 5 min after induction (T0), 30 min in the anhe-
patic period (T1), and 3 h after reperfusion (T2), and at the end of surgery (T3) were measured.

Results: There was no statistically significant difference in the characteristics of children in the 2 groups. Compared
with TO, the levels of IL-6 and TNF-o. at T1, T2, and T3 were higher, while the HMGB1 at T2 and T3 were high-
er (P<0.05). A similar trend for IL-6, TNF-o,, and HMGB1 at different time points in the 2 groups was observed.
Compared with TO, the cTnl and CK-MB at T2 and T3 were significantly higher (P<0.05), but there was no sig-
nificant difference at different time points in the 2 groups. For the adverse events, there was no significant dif-
ference between the 2 groups.

Conclusions: Our study shows that the cardioprotective effect in pediatric patients undergoing living donor liver transplan-
tation is similar with propofol and sevoflurane anesthesia.
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Background

Liver transplantation is the only effective treatment for end-
stage liver disease, and it has become the routine clinical treat-
ment. The incidence of perioperative myocardial injury in liver
transplantation patients is 40.4% and the mortality of patients
with myocardial injury is as high as 11.4% [1], which seriously
affect the prognosis and quality of life of patients. Compared
with adults, liver function reserve is poor in children and the
ventricular compliance is also low. Of particular importance,
the contractility related myocardium is poorly developed and
the cardiac functional restore is diminished due to being more
vulnerable to cardiac injury. Previous studies suggested that
sevoflurane and propofol possess different degrees of myocar-
dial protection in pediatric cardiac surgery [2-4]. In the present
study, the myocardioprotective effect of propofol vs. sevoflu-
rane was compared in pediatric patients undergoing living do-
nor liver transplantation (LDLT). Extensive studies have dem-
onstrated that plasma cardiac troponin-I (cTnl) and creatine
kinase isozyme (CK-MB) are sensitive indicators of myocardial
injury [5,6], which were used as the main markers of myocar-
dial injury in our study. We also assessed levels of represen-
tative inflammatory markers — interleukin (IL)-6, TNF-o,, and
HMGB1 - at various time points.

Material and Methods

Experimental condition

Our research was examined and approved by our Institutional
Ethics Committee (Tianjin First Center Hospital, Tianjin, China,
approval number 2018N075KY.). Informed consent was ob-
tained from 120 parents whose children were scheduled for
living donor liver transplantation from July 2018 to April 2019.
The pediatric patients enrolled in the study were ASA (American
Society of Anesthesiologists) IlI-IV, age 5-24 months, with no
history of congenital heart disease or abnormal heart, lung,
and kidney function. The children were randomly and equally
divided into the sevoflurane group (S group) or the propofol
group (P group) using a random number table.

Perioperative management
Anesthetic technique

Patients did not eat or drink before surgery. A peripheral ve-
nous passage was established and ECG, SPO2, NIBP, and heart
rate were monitored after entry into the operating room. All
patients were induced with midazolam 0.2 mg/kg and fen-
tanyl 3 pg/kg. Cisatracurium besylate 0.2 mg/kg was given
to assist subsequent tracheal intubation. Mechanical venti-
lation was implemented smoothly by 50-60% oxygen with a
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tidal volume of 8-10 ml/kg. Exhaled carbon dioxide pressure
(30-40 mmHg) was controlled by modulating the respiratory
rate at 20-28 breaths/min. The right internal jugular vein can-
nulation was accomplished using a Doppler ultrasound instru-
ment (Philips Ultrasonic System CX50 POC, Royal Dutch Philips
Electronics, Netherlands), manipulated by an experienced an-
esthesiologist. The invasive radial arterial pressure and central
venous pressure were monitored throughout the operation.

Notably, in the sevoflurane group and propofol group, mainte-
nance of anesthesia was carried out separately by inhaled sevo-
flurane (2.6-4.0%) and intravenous propofol (9-15 mg/(kg/h)).
All patients could receive fentanyl (1-3 pg/kg) intravenous
injection as needed and cisatracurium besylate continuous
pumping at 1-2 pg/(kg/min) guided by bispectral index (BIS)
monitoring. The BIS was controlled at 40-50. All patients were
protected from hypothermia using a fluid warmer (Astotherm
Plus 260; Stihler Electronic, Stuttgart, Germany) and a forced-
air warming blanket (Bair Hugger, model 55501/52200; 3M,
St. Paul, MN, USA).

Data recorded

All patients were immediately transferred to the ICU with en-
dotracheal intubation after surgery, and were extubated as
soon as they could maintain adequate spontaneous respiration
and had adequate muscle strength on room air. Subsequently,
time of mechanical ventilation and the length of ICU/hospi-
tal stay were recorded. Data on the entire operation, such as
portal vein blocking time, inferior vena cava blocking time,
and surgery time, were promptly recorded. In addition, dos-
es of vasoactive agents during the operation and after admis-
sion to the ICU were documented. We recorded the following
adverse events during the perioperative period: (1) hyperten-
sion (blood pressure increased by 30% or more from the base-
line value for more than 5 min), treated by using nitroglycerin
solution infusion 5 pg/min; (2) hypotension (blood pressure
decreased by 30% or more from the baseline value for more
than 5 min), treated by using epinephrine intravenous injec-
tion 1-2 pg or continuous intravenous pumping of dopamine
at 2-5 pg/(kg/min), (3) myocardial ischemia (MI) (ST segment
depressed or elevated greater than 1 mm and lasting longer
than 5 min), treated by finding the etiology and taking appro-
priate measures to bring it back to normal; and (4) ventricular
premature beat (VPB), treated by finding the etiology and tak-
ing appropriate measures to bring it back to normal.

Experimental parameters

Blood samples were collected from the right internal jugular
vein of all patients at 4 different time points: 5 min after induc-
tion (T0), 30 min into the anhepatic period (T1) and 3 h after re-
perfusion (T2), and at the end of operation (T3). Blood samples
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Table 1. Patient characteristics.

Age (m) 8.9+2.9 9.3+3.8 0.764
Cweight®® g1£22 76816 0804
Height@em) 6a5:71 674179 0907
© Gender (male%) 7% B36% 0494
 Postreperfusion syndrome (%) 112%  159% 0267
 Baseline hematocrit %) 85832 293139 o 0878
BaselineNR 14506 15507 0479
 Portal vein blocking time (min) sie07 5564175 0128
Inferior vena cava blocking time (min) 27.9:148 48:124 o 0202
Sugerytime ) 79s11 82613 0708
 Redblood cell transfusion (nunity 22611 21510 0945
 Fresh frozen plasma (m) 3548:1670 3558:1469 o 0849
 Blood loss volume (m) 3567:1699 386741497 o 0225
©Urinevolume i) 4957+2834 442212445 0179
© BNPat postoperative time  12510:9383 14825412676 0311
© Length of postoperative hospitalization () 236:122 255575 o 0346
Cleustaytime@ 37e21 321 0933
 Duration of mechanical ventilation time (h) | 25¢11 27414 0764
sodmortalty o o
Data are given as mean+SD.
were prepared according to the instructions to measure the bio- Results

markers of myocardial injury (cTnl and CK-MB) and the inflam-

matory factors (IL-6, TNF-a,, and HMGB1). The levels of cTnl
and CK-MB were determined using an Access2 electrochemi-
cal luminescence apparatus following the manufacturer’s in-
structions (Beckman-Coulter, USA). The concentrations of IL-6,
TNF-o,, and HMGB1 were assessed by enzyme-linked immuno-
sorbent assay (ELISA) (reagent kit provided by Shanghai Biovol
Biotechnology Co., China).

Statistical analysis

Analysis was performed using the statistical package SPS519.0
(SPSS Inc, Chicago, IL, USA). We used the t test for unpaired
values to assess differences in patient characteristics. The se-
rial comparisons in serum parameters between the 2 groups
were analyzed using repeated-measures two-way ANOVA with
a post hoc test, considering multiple comparisons in each group
and between the 2 groups. All data are expressed as mean+SD,
and differences between means were considered significant if
p was equal to or less than 0.05.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€923398-3

Our study included a total of 120 pediatric patients undergo-
ing living donor liver transplantation. There were no statisti-
cally significant differences in the patient characteristics of
children between the 2 groups (Table 1).

Compared with TO, the levels of IL-6 and TNF-a. at T1, T2, and
T3 were higher, and HMGB1 at T2 and T3 were higher (P<0.05).
A similar trend for IL-6, TNF-o, and HMGB1 at different time
points in the 2 groups was also observed (Figure 1).

Compared with T0, cTnl and CK-MB at T2 and T3 were signif-
icantly higher (P<0.05), but there were no significant differ-
ences at different time points in the 2 groups (Figure 2). There
were also no significant differences in adverse events between
the 2 groups (Table 2).
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Figure 1. The markers of inflammation of the 2 groups. Bars represent mean+SD. # P<0.05 compared with TO in P group; * P<0.05

compared with TO in S group (n=60/group).
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Figure 2. The markers of myocardial injury of the 2 groups. Bars represent mean+SD. * P<0.05 compared with TO in P group; * P<0.05

compared with TO in S group (n=60/group).

Table 2. Incidence of cardiovascular adverse events (n=60, %).

Group Hypertension Hypotension Mi VPB
Propofol 6 36 14 7
Sevoflurane 2 45 12 8
Discussion Proinflammatory cytokines can modulating cardiovascular

Our study shows that the myocardial-protective effect of pro-
pofol and sevoflurane anesthesia in pediatric patients under-
going living donor liver transplantation is similar. Living donor
liver transplantation in children is relatively complicated, and
the recipient’s inferior vena cava needs to be blocked after en-
tering the anhepatic period, which can easily lead to decreased
blood volume, oxygen supply, and cardiac output. A myriad of
studies showed overwhelming evidence that both cTnl and CK-
MB are sensitive and specific indicators of myocardial cell in-
jury [7-9]. We have demonstrated in our study that cTnl and
CK-MB increased dramatically during the reperfusion period,
indicating that myocardial injury occurred in the early neo-
hepatic stage in pediatric living donor liver transplantation.
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function by various mechanisms. It is now known that virtually
every nucleated cell type in the myocardium, including car-
diac myocytes, can secrete proinflammatory cytokines in re-
sponse to various myocardial damage or stressors [10]. It has
been demonstrated that IL-6 shows cardio-depressive proper-
ties [11]. In patients with systolic heart failure, IL-6 and TNF-o.
are associated with functional NYHA class [12]. Furthermore,
IL-6 and TNF-a have been shown to be independent predictors
of mortality in heart failure [13]. Previous studies showed the
critical role of HMGB1 in JAK/STAT and JNK signaling [14,15]
and its potential to induce cardiomyocyte apoptosis by trig-
gering the JNK pathway. Moreover, recent studies have shown
that activation of the HMGB1-RAGE axis is important in medi-
ating leukocyte accumulation and in determining the subse-
quent tissue damage [16,17]. In particular, this axis has a ma-
jor role in early ischemia/reperfusion (I/R) damage, in which
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prolonged activation of the proinflammatory pathways increas-
es myocardial injury [18,19]. Consistent with the above evi-
dence, our study shows that the plasma levels of inflamma-
tory cytokines IL-6, TNF-a,, and HMGB1 in both groups were
higher throughout the hepatic perfusion period, and these lev-
els tended to coincide with the levels of cTnl and CK-MB, indi-
cating that myocardial injury may be related to excessive re-
lease of inflammatory factors. Based on the above, this topic
warrants further study.

Propofol decreases post-ischemic myocardial mechanical dys-
function, infarct size, and histological degeneration. It also sup-
presses the activity of neutrophils, and may therefore produce
its beneficial effects by reducing free radicals, Ca?* influx, and
neutrophil activity [20]. Volatile anesthetics improve recovery
of contractile function of the stunned myocardium. Sevoflurane
preconditioning exerts cardioprotection and inhibits p38 acti-
vation in an AMPK-dependent manner with increased ERK1/2
activation, which may be an effective approach to reducing
perioperative cardiac injury in diabetic patients [21]. Studies
of sevoflurane in adults and in healthy children suggest that it
may have significant advantages in infants and children with
heart disease [22,23]. Nonetheless, to the best of our knowl-
edge, the protective effects and mechanisms of propofol vs.
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sevoflurane on the hearts of children undergoing LDLT has pre-
viously been unclear. The present study compared the levels
of IL-6, TNF-a, HMGB1, cTnl, and CK-MB between a propofol
group and a sevoflurane group and found no significant dif-
ferences, suggesting they have similar myocardium-protective
effects in pediatric living donor liver transplantation.

There are several limitations in our study. Firstly, although the
patients were randomly assigned to the propofol group or the
sevoflurane group, the anesthesiologists could not operate en-
tirely blinded to the anesthetic technique. Nevertheless, the re-
searchers who collected the experimental data were blinded
to the randomization. Secondly, the patient follow-up only
assessed 30-day mortality. Therefore, a longer follow-up and
more programs are needed for further study. Another limita-
tion was that this was a single-center trial, and a multi-center
clinical study is needed to verify our conclusions.

Conclusions

Our study shows that propofol and sevoflurane anesthesia
have similar myocardial-protective effects in pediatric patients
undergoing living donor liver transplantation.
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