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Abstract. - OBJECTIVE: To study the inflam-
matory factors in donor livers and its effect on
recipient myocardial injury after liver transplan-
tation recipients.

PATIENTS AND METHODS: Eighteen pa-
tients who underwent orthotopic liver transplan-
tations between January 2014 and December
2015 in our hospital were selected. A portion of
the hepatic venous blood of donor’s livers was
preserved in heparinized tubes after partial re-
section. The concentrations of tumor necro-
sis factor-a (TNF-a), interleukin-6 (IL-6), cardi-
ac troponin | (cTnl), creatine kinase isoenzyme
(CK-MB), and the activity of lactate dehydroge-
nase (LDH) in serum were measured. The con-
centrations of TNF-a, IL-6, cTnl, and CK-MB, and
the activity of LDH in serum from the central ve-
nous blood of recipients were measured at sev-
eral time points.

RESULTS: Persistent myocardial injuries were
found in five patients, six experienced a tran-
sient increase of cardiac markers after surgery
and returned to normal levels 24 h after surgery,
and the others were normal. The comparison of
the levels of inflammatory factors in serum be-
tween the five donors and recipients at differ-
ent stages showed that the levels of myocardial
markers of the donor livers which were supplied
to the five cardiac injured patients were all sig-
nificantly higher than those of other donor’s liv-
ers, while the levels of serum inflammatory fac-
tors in recipients showed no changes during the
TO-T2 stage but increased significantly during
T3-T5 (p < 0.05). The cardiac function after sur-
gery was significantly different from that before
surgery and that of the recipients without myo-
cardial injury (p < 0.05).

CONCLUSIONS: Blood pressure changes be-
fore surgery may affect the levels of inflamma-
tory factors in donor’s liver and cause postop-
erative myocardial injury in recipients. Proper
hypotensive therapy for donors before partial
liver resection can prevent postoperative myo-
cardial injury in recipients.
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Introduction

Liver transplantation is an effective treatment
method for patients with end-stage hepatic dise-
ases, hepatic failure, and hepatic failure related
complications. It can also be applied for hepatic
failure caused by several factors, such as inhe-
rited metabolic diseases which affect the liver
(i.e. familial hypercholesterolemia) or malignant
carcinoma (i.e., hepatic cell carcinoma and he-
patoblastoma). With the development of surgical
methods and the expanded scope of indications,
the survival rate of patients with orthotopic liver
transplantation has markedly increased during the
past 3 years'. When the livers for transplantation
are from organ donors, besides the basic diseases
they may have, the levels of inflammatory factors
in their hepatic tissues are generally relatively
high. These inflammatory factors can be released
into the peripheral blood of recipients after tran-
splantation with the establishment of hepatic vein
circulation and portal vein circulation®®. This is
also the reason why patients prone to experien-
ce explosive inflammation and myocardial injury
after liver transplantation*. Myocardial inhibition
is usually quite obvious, especially in the early
stage of reperfusion of new liver in patients with
liver transplantation. The clinical manifesta-
tions include significant decreases in mean arte-
rial pressure, cardiac output, cardiac index, and
stroke volume, but the underlying mechanisms
are still unclear.

4362 Corresponding Author: Jianbin Chen, MD; e-mail: chenjianbin0819@163.com



Inflammatory factors in donor liver cause myocardial injury in transplant recipients

Based on previous studies, the aim of the present
study was to further evaluate the effect of the le-
vels of inflammatory factors on the determination
of myocardial injury of the recipients via analyzing
the clinical data from 18 liver transplantation reci-
pients who were suffering from myocardial injury
after transplantation. Also, the expression levels
of tumor necrosis factor-o (TNF-a), interleukin-6
(IL-6), cardiac troponin I (cTnl), creatine kinase
isoenzyme (CK-MB), and lactate dehydrogenase
(LDH) activity were analyzed.

Patients and Methods

Inclusion Criteria

(1) Patients with indications for liver transplan-
tation; (2) Patients over 18 years old; (3) Patients
with a cardiac functional grade of A or B accor-
ding to the grading system of the American Heart
Association (AHA).

Exclusion Criteria

(1) Patients were not accompanied with hepa-
tic encephalopathy; (2) There were no significant
differences in kidney and lung function compared
with healthy people.

Measurement of Levels of Inflammatory
Factors in Peripheral Blood

The blood sample of recipients was preserved
in heparinized tubes at -40°C. The expression le-
vels of TNF-a and IL-6 in serum were measured
by enzyme-linked immunosorbent assay (ELI-
SA). All reagents in this study were from Wuhan
Boster Biological Technology, Ltd. (Wuhan, Chi-
na). All the operation were performed according
to the manufacturer’s instructions. The study was
approved by the Ethics Committee of Henan Pro-
vincial People’s Hospital.

Echocardiography

Left ventricular end-diastolic ~dimension
(LVEDD), left ventricular end-systolic diameter
(LVESD), and left ventricular ejection fraction
(LVEF) of the recipients at several time points
from TOto TS5 during the follow-up were recorded
by Vivid Portable Color Doppler Ultrasonoscope
(GE Medical Systems Israel Ltd, Shanghai, Chi-
na) (transducer frequency: 2.5 MHz).

Serological Tests
After disinfection, 4-6 ml peripheral blood
of patients was collected and centrifuged. The

myocardial markers of hypersensitive C-reactive
protein (CRP**, brain natriuretic peptide (pro-B-
NP)*°, CK-MB, and cTnI*¢ were measured by an
Abbott fully automated biochemistry analyzer.
The levels of inflammatory factors in periphe-
ral blood and myocardial markers in liver tran-
splantation recipients were recorded at multiple
time points including before skin incision (TO0), 1
min after hepato-reperfusion (T1), 2 h after hepa-
to-reperfusion (T2), at the end of surgery (T3), 4
h after surgery (T4), and 24 h after surgery (T5).
The livers in this study were all obtained from or-
gan donors. After the donor was confirmed with
brain death, the liver was obtained, and 2-3 ml
hepatic portal vein blood was collected and cen-
trifuged, and the levels of inflammatory factors
and myocardial markers were measured.

Anesthesia

Combined intravenous and inhalational ane-
sthesia was applied for liver transplantation. Pa-
tients were sent to the operating room, and the ve-
nous channel was established. Midazolam (0.05
mg/kg) and atropine (0.3 mg/kg) were injected.
An arterial pressure monitoring catheter was im-
planted after radial artery puncture, real time in-
vasive arterial blood pressure was measured, and
the intravenous line was opened. Induction of ane-
sthesia was performed with 1-2 mg/kg propofol, 1
ug/kg sufentanyl, and 0.15 mg/kg cisatracurium
besylate. Patients were placed under mechanical
ventilation after endotracheal intubation, and the
end-tidal partial pressure of CO, was maintained
at about 30-35 mmHg. The fraction of inhaled
oxygen was 50-60%. For anesthesia maintenance,
2-4 ug/ml propofol and 0.5 pg/kg sufentanyl were
used during surgery. 1-2% sevoflurane was also
used with the minimal effective concentration for
anesthesia, which was usually under 4.0%. Con-
centrated red blood cells were infused if the con-
centration of hemoglobin was under 80 g/L, and
fresh refrigerated plasma was infused according
to the blood coagulation function of the patient.

Statistical Analysis

SPSS21.0 software (IBM, Armonk, NY, USA)
was used for statistical analysis. The y-test was
used for qualitative data analysis, Fisher’s exact test
was used for the four-fold table data of the patients
who did not match the criteria of y*-test, analysis of
variance (ANOVA) was used for the comparison of
normally distributed data, and a #-test was used for
comparisons between groups. p < 0.05 was consi-
dered to be statistically significant.
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Figure 1. Pie chart of the dis-
tribution of recipients with
myocardial injury. There were
five patients suffering from
persistent myocardial injury,
accounting for 28% of all pa-
tients under observation in this
study who underwent liver
transplantation.

39%

Results

Comparison of Baseline Parameters
of Patients Undergoing Liver
Transplantation

The operative time, anesthesia duration, volu-
me of crystalloid solution and colloidal solution
used, akaryocyte infusion, plasma infusion, ble-
eding volume, and urine volume of the patients
undergoing liver transplantation were recorded
and statistically analyzed (Table I).

Comparison of Levels of Serum
Inflammatory Factors and Myocardial
Markers as Well as Indexes of
Echocardiography

According to the results of echocardiography
combined with the analyses of cardiac markers
during follow-up, persistent myocardial injury
(persistent increases of myocardial markers du-
ring the 24 h period after surgery) was found in
five patients and six patients experienced a tran-
sient increase of the cardiac markers after surgery
and returned to normal levels 24 h after surgery.
No cardiac dilatation and increases of cardiac
markers were found in the remaining seven pa-

B Patients with persistent myo
cardial injury (Group A)

28%

B Patients with transient
increase of myocardial markers
after surgery (Group B)

33% [ Patients without cardiac
dilatation and increase of
cardiac markers (Group C)

tients. See Table I and the pie chart in Figure 1
for details. The comparison of the levels of in-
flammatory factors in serum of the donors and
five cardiac injured recipients at multiple stages
(TO-TS) showed that the levels of TNF-a, IL-6,
cInl, CK-MB, and LDH in serum from venous
blood of the donor livers that were supplied to the
five patients who suffered from persistent myo-
cardial injury were significantly higher than those
of other donor livers, while the levels of serum
inflammatory factors of the recipients showed no
changes during the TO-T2 stage but increased si-
gnificantly during T3-T5 (p < 0.05). The increa-
ses of left ventricular end-diastolic diameter and
reduction of ejection fraction were also found.
The cardiac function after surgery was signifi-
cantly different from that before surgery and that
of the recipients with no myocardial injury, the
differences were statistically significant (p <0.05)
(Table II).

Discussion
After liver transplantation, all recipients will

experience the pathophysiologic process of ische-
mia/reperfusion. During this process, large quan-

Table I. Comparison of baseline parameters patients undergoing liver transplantation.

Operative  Anesthesia Crystalloid Colloidal
time duration solution solution
(min) (min) (ml) (ml)

Akaryocyte Plasma Bleeding Urine
infusion infusion volume volume
(ml) (ml) (mI) (ml)

642.3+151.2 745.3+146.2 1055.3+£238.4  1562.5+430.7

1332.4+£360.8  2125.7+470.6

1363.4+350.9 2342.3+545.9

Table Il. The conditions of myocardial injury of patients.

Patients with persistent
myocardial injury

(Group A) surgery (Group B)

Patients with transient increase
of myocardial markers after

Patients without
cardiac dilatation and
increase of cardiac markers (Group C)

5 6

7
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Table Ill. Comparison of myocardial markers of the recipients before and after liver transplantation (Xs).

Case
Index Group number TO T1 T2 T3 T4 T5 F-value p-value
Pro-BNP A 5 10.8+0.4  18.5£1.4  18.9+2.2  987+109  138.3+22.5 257.8+10.2  9.29 0.01
(ng/dl) B 6 9.8+0.5 125123 119.2+£37 105.3+13.8 152.4+14.6  65.4+19.2 4.39 0.02
C 7 112433 18.5+33  18.3+2.8 224439 214433 19.243.2 0.28 0.64
F-value - 0.48 8.28 11.33 9.8 19.7 28.5 - -
p-value - 0.581 0.014 0.008 0.027 0.003 0.001 - -
TNF-a A 5 7.51.4 8.1+0.6 8.3+2.5 55.3£10.8 13344224 178.3+193 931 0.01
(ng/ml) B 6 6.9£1.3 115.4+2.4  1283£98 187.5+£12.1 108.4+14.5  71.7+4.8 4.68 0.02
C 7 71£2.1 6.8£1.9 72425 6.9+3.7 8.2£1.9 7.3+0.6 0.42 0.55
F-value - 0.223 18.3 19.4 10.2 28.1 19.3 - -
p-value - 0.481 0.006 0.003 0.021 0.005 0.003 - -
IL-6 A 5 4.7+0.3 5.2+0.9 6.0+£0.4 28.3+9.2  78.4+194 104.3+£213 838 0.002
(ng/ml) B 6 49+04  987+10.2 108.4+10.2 992498  104.5+12.7  66.3+7.2 3.28 0.03
C 7 5.1£0.2 6.1+0.2 5.4+0.3 6.0+0.9 5.8+0.4 5.9+0.3 0.42 0.59
F-value - 0.31 10.2 9.5 8.3 19.5 18.8 - -
p-value - 0.711 0.021 0.03 0.038 0.003 0.007 - -
cTnl A 5 0.37£0.04  0.42+0.03  0.39£0.05 2.48+0.26  3.48+0.37  4.28+1.39 9.32 0.03
(UL) B 6 0.24+0.02  2.15£0.21  3.14£04  3.45+04 3.07+0.3 1.28+0.2 7.28 0.002
C 7 0.29+0.06 03702  042+0.2  0.49+0.1 0.41+0.5 0.28+0.1 0.39 0.64
F-value - 0.32 6.81 9.31 8.42 728 13.4 - -
p-value - 0.76 0.021 0.03 0.038 0.04 0.002 - -
CK-MB A 5 0.24+0.12  0.32£0.14  0.34+0.04  1.28+0.19  3.49+0.28  4.15+0.31 10.8 0.02
(UL B 6 0.31+0.11  3.48+0.27 4.31+£0.59  3.92+1.62  4.37+0.93  1.51+0.42 11.4 0.03
C 7 0.29+0.10  0.38+0.1  0.34+0.2  0.49+0.3 0.43+0.2 0.51£0.3 0.44 0.57
F-value - 0.38 4.29 6.39 712 8.17 9.38 - -
p-value 0.68 0.04 0.04 0.04 0.031 0.002 - -

tities of inflammatory factors, which mainly in-
clude TNF-a and IL-6, will be released into the
recipients®®. The functions of TNF-a, which is
mainly secreted by inflammatory cells such as ma-
crophages, neutrophilic granulocytes, endothelial
cells, and lymphocytes, are relatively complex®.
TNF-a performs its functions by binding its spe-
cific receptor on target cell membranes, and it is
generally believed that TNF-a plays an impor-
tant role in the process of inflammation'. 1L-6
is the most sensitive inflammatory factor in the
oxidative stress response of the body. It is mainly
secreted by inflammatory cells such as mononu-
clear macrophages, activated T cells, desmocytes,
and vascular endothelial cells, and plays a pivo-
tal role in inducing the synthesis of acute phase
proteins in the liver during the development of
different diseases. Because the surgery for liver
transplantation is generally long, patients may
experience ischemia/reperfusion injury, after
which large quantities of inflammatory factors
will be released in the peripheral blood. Among
the inflammatory factors involved in this process,

TNF-a and IL-6 can cause myocardial injury
after transplantation by binding to their receptors
on the surface of myocardial cells, and stimula-
te the release of large quantities of myocardial
specific proteins, such as CK-MB, Pro-BNP, and
c¢Inl'"15, Moreover, Based on the results of echo-
cardiography, which can reflect cardiac function
more intuitively, it was found that reduction of
the ejection fraction was common according to
previous studies and the long-term clinical ob-
servation. However, the source of the numerous
inflammatory factors in recipients is not clear. In
this study, we found that the levels of myocardial
markers as well as TNF-a and IL-6 in serum the
patients who experienced transient myocardial in-
creased significantly at 1 min of hepato-reperfu-
sion after the recipients accepted liver transplan-
tation. While the inflammatory factors in serum
were also increased after surgery. The increase of
inflammatory factors in peripheral circulation of
recipients might be caused by the donor’s liver.
After the establishment of portal vein circulation,
large quantities of inflammatory factors were re-
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Table IV. Comparison of the echocardiography indexes.

Index Group Case number TO One week before surgery  t-value p-value
LVEDD (mm) A 5 39.345.1 417£1.5 7.21 0.01
B 6 42.56.6 46.6+3.8 432 0.02
C 7 40.8+3.7 429429 0.33 0.68
F-value - 0.33 4.9 - -
p-value - 0.41 0.02 - -
LVESD (mm) A 5 34.242.6 39.8+1.6 8.31 0.008
B 6 33.5+3.9 35.8+2.5 10.82 0.003
C 7 33.5¢14 34.5+1.8 0.87 0.22
F-value - 0.39 8.9 - -
p-value - 0.62 0.02 - -
LVEF (%) A 5 59.245.8 61.2+2.1 6.31 0.02
B 6 59.442.9 52.1£2.9 8.9 0.02
C 7 58.6+2.5 58.3£3.8 0.33 0.65
F-value - 0.22 9.8 - -
p-value - 0.72 0.01 - -

Table V. Comparison of the levels of inflammatory factors in portal vein blood of donors corresponding with the recipients in

each group.
Group Case number TNF-a (ng/ml)  IL-6 (ng/ml)  Pro-BNP (ng/dl) cTnl (U/L) CK-MB (U/L)
A 5 5.3+1.7 4.0+0.8 10.8+0.4 0.28+0.03 0.39+0.05
B’ 6 148.4+2.4 158.4+10.2 155.1412.3 3.64+0.8 4.91+0.79
C 7 5.241.5 3.4+40.2 11.2+3.3 0.29+0.02 0.22+0.11
F-value - 10.2 11.7 10.8 8.28 2.19
p-value - 0.022 0.021 0.023 0.037 0.048

Note: A’ Corresponding donor of group A; B’ Corresponding donor of group B; C” Corresponding donor of group C.

leased in the peripheral blood of recipients, which
can further aggravate myocardial injury. Howe-
ver, different from the pathogenic mechanism of
persistent myocardial injury, it was found that in
most patients who suffered from persistent myo-
cardial injury after surgery, the levels of inflam-
matory factors and myocardial markers in serum
were relatively stable at the TO-T2 stage, but the
inflammatory factors and myocardial markers
in peripheral blood showed significant increases
from the T3 stage. This possibly indicated that the
inflammatory factors and myocardial markers in
the body of recipients were from their own tissues
during the process of ischemia/reperfusion injury,
and had no correlation with the levels of inflam-
matory factors in the donor’s liver. Furthermore,
the levels of inflammatory factors and myocardial
markers were not significantly increased under
normal conditions. Myocardial injury of this kind
can recover to a relatively normal level with the
completion of surgery.
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Given this, we further studied the different
donors supplying livers and found that the reci-
pients who suffered from persistent myocardial
injury after transplantation all received the do-
nors supplying livers to from the donors who had
different degrees of cardiovascular diseases, such
as hypertension and cardiac hypertrophy before
organ donation. Furthermore, some of the donors
usually had long period of antihypertensive or an-
ticoagulants drugs treatment, and these basic di-
seases might cause the increased levels of inflam-
matory factors in donor’s liver. Marfella et all6
suggested that nitric oxide (NO) might be a key
factor in the negative myocardial inotropic action
of TNF-a. TNF-a can induce the overexpression
of nitric oxide synthase in myocardial cells, whi-
ch caused large production of NO and reduction
of the reaction of myoneme to Ca*, thus leading
to negative myocardial inotropic action. It was
confirmed by ex vivo experiments in myocardial
cells that IL-10 could resist the oxidative stress
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response caused by TNF-q, thus preventing myo-
cardial injury. The balance between the two fac-
tors is therefore of great physiological significan-
ce for myocardial protection'”"”.

Conclusions

We suggested that myocardial injury of liver
transplant recipients had different mechanisms.
The levels of inflammatory factors in the liver of
donors might be correlated with persistent myo-
cardial injury in the recipients. Monitoring the
dynamic changes of inflammatory factors at dif-
ferent surgical times is important for determining
the mechanism of myocardial injury and the pro-
cedures for treatment.
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