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 the cytokine, matrix
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Abstract
Background:We investigated the effects of propofol vs desflurane on ischemia and reperfusion injury (IRI)-induced inflammatory
responses, especially in matrix metalloproteinase-9 (MMP-9) downregulation and heme oxygenase-1 (HO-1) upregulation, which
may result in different clinical outcomes in liver transplant recipients.

Methods: Fifty liver transplant recipients were randomized to receive propofol-based total intravenous anesthesia (TIVA group, n=
25) or desflurane anesthesia (DES group, n=25). We then measured the following: perioperative serum cytokine concentrations
(interleukin 1 receptor antagonist [IL-1RA], IL-6, IL-8, and IL-10); MMP-9 and HO-1 mRNA expression levels at predefined intervals.
Further, postoperative outcomes were compared between the 2 groups.

Results:The TIVA group showed a significant HO-1 level increase following the anhepatic phase and a significant MMP-9 reduction
after reperfusion, in addition to a significant increase in IL-10 levels after the anhepatic phase and IL-1RA levels after reperfusion.
Compared to DES patients, TIVA patients showed a faster return of the international normalized ratio to normal values, lower plasma
alanine aminotransferase concentrations 24hours after transplantation, and fewer patients developing acute lung injury. Moreover,
compared with DES patients, TIVA patients showed a significant reduction in serum blood lactate levels. However, there were no
differences in postoperative outcomes between the two groups.

Conclusion: Propofol-based TIVA attenuated inflammatory response (elevated IL-1RA and IL-10 levels), downregulated MMP-9
response, and increased HO-1 expression with improved recovery of graft function and better microcirculation compared with
desflurane anesthesia in liver transplant recipients.

Abbreviations: AUC = area under the curve, HO-1 = heme oxygenase-1, IL = interleukin, IRI = ischemia and reperfusion injury,
MMP-9 = matrix metalloproteinase-9, TIVA = total intravenous anesthesia.
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1. Introduction

Liver transplantation (LT) has an effective therapy choice for
many liver diseases including end-stage liver disease, acute liver
failure, hepatocellular carcinoma, and pediatric metabolic liver
disease.[1] Surgery and preservation of the allografts results in an
ischemia-reperfusion injury (IRI), however, there are still no
effective therapeutic approaches. It is widely recognized that the
underlying mechanisms of hepatic IRI involve multiple signaling
pathways, including inflammation, free radical production, and
mitochondrial damage associated with the generation of
oxidative stress.[2] The IRI during LT results in a more vulnerable
graft through increasing immunogenicity and rejection episodes,
both before and following LT,[3] and has a significant impact on
the balance between successful transplantation and the occur-
rence of complications.[4]

Previous studies have largely focused on the effects of heme
oxygenase (HO)-1 by reason of its anti-inflammatory, antiox-
idative, and cytoprotective properties, as well as its ability to
maintain microcirculation and modulate the cell cycle.[5] Various
cell types, including Kupffer cells, endothelial cells, and dendritic
cells (DCs), can induce overexpression of HO-1 to prohibit from
both IRI and rejection during LT.[6] Studies have shown that
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overexpression of HO-1 induced by transient limb ischemia may
have a protective effect in hepatic IRI in rats.[7]

Matrix metalloproteinases (MMPs) have a regulatory function
in immunity and inflammation by proteolytic activation or
degradation of cytokines and chemokines.[8] In different MMPs,
MMP-9 is an inducible enzyme primarily produced through
infiltrating leukocytes following hepatic IRI,[9] and serumMMP-
9 was found to be involved in the evolution of liver injury in
IRI[10] and acute allograft rejection.[11] All the above evidence
suggests that the increased activity ofMMP-9 is directly related to
hepatic ischemic insult. We have had established LT protocols
over the last few years with propofol-based total intravenous
anesthesia (TIVA) by use of the bispectral index (BIS) and target-
controlled infusion (TCI). In our previous retrospective study,
propofol-based TIVA via a TCI system was shown to potentially
provide better hemodynamics and microcirculation during the
anhepatic phase in LT.[12] Propofol has been revealed to
ameliorate IRI in several organs through potential anti-
inflammatory, antiapoptotic, or antioxidation mechanisms.[13]

Increasing evidence suggests that another possible mechanism of
propofol protection may be through stimulation of HO-1.[14–18]

However, few studies investigate the benefit of propofol-induced
upregulated HO-1 expression in IRI of LT. In brain ischemia,
propofol has been shown to have an inhibitory effect on MMP-9
expression to attenuate damage to the blood brain barrier (BBB)
and cephaloedema in a rat model of focal cerebral IRI.[19] In
addition, propofol has been shown to alleviate intracerebral
hemorrhage in rats through the inhibition of the inflammatory
factor release (IL-1b and tumor necrosis factor-a) and upregu-
lation of MMP-9 in brain.[20] However, thus far, there is no
evidence available to explain whether propofol can suppress
MMP-9 upregulation induced by hepatic IRI. The present study
examines whether propofol-based TIVA is able to attenuate IRI-
induced inflammatory responses, upregulate of MMP-9 and
induce the expression of HO-1, which may result in different
clinical outcomes to that of patients administered desflurane
anesthesia.
2. Materials and methods

This study was approved by the Institutional Review Board of
Tri-Service General Hospital (27/03/2012; TSGHIRB-2-101-05-
012) and registered at the Chinese Clinical Trial Registry (09/06/
2017; ChiCTR-INR-17011600). Written informed consent was
obtained from each patient before the operative day; 50 LDLT
recipients were enrolled from April 2012 to July 2013, and no
organs were procured from prisoners. Recipients were excluded if
they met the following criteria: hepatic encephalopathy,
hepatorenal syndrome, or massive pleural effusion, requirements
for pre-transplant endotracheal intubation with mechanical
ventilation or use of vasopressors, any contraindication to
fentanyl, propofol, or desflurane. Using sealed envelopes
containing a patient number and assignment, recipients were
randomly assigned to the TIVA with propofol (TIVA group, n=
25) or the desflurane anesthesia (DES group, n=25) group.
Anesthesia was induced with intravenous fentanyl (1–2mg

kg�1) and lidocaine (2%, 1mgkg�1), and propofol (1–2mgkg-1).
Rocuronium bromide (0.6mgkg-1) was administered following
the loss of eyelash reflex, and the endotracheal tubewas intubated
90 seconds later. The desflurane concentration or effect-site
concentration (Ce) of propofol using the Schneider kinetic model
of Target-Controlled Infusion (TCI, Fresenius Orchestra Primea;
2

Fresenius Kabi AG, Bad Homburg, Germany) was reduced or
increased by 2% and 0.5mgml�1, respectively, in order to keep
the BIS value between 40 and 60 throughout the operation,
confirmed using the BIS monitor Vista with Sensor BIS Quatro
(Aspect Medical System, Norwood, MA). Ventilation rate and
maximum airway pressure were adjusted to maintain the end-
tidal carbon dioxide at 35 to 45 mmHg. Attempts were made to
keep the core body temperature higher than 36°C by warming all
intravenous fluids and blood products, and using a convectional
warming device.
Anesthetic use and surgical management were in accordance

with the institute’s standard protocol of LT by the same team of
anesthesiologists and surgeons who managed the experiments.
Our perioperative monitoring was in accordance with our
institution standards, including measuring pulse oximetry,
electrocardiography, invasive blood pressure, central venous
pressure, and the PiCCOplusTM system. Coagulation function
was guided by thromboelastometry (ROTEM). After reperfu-
sion, a bolus dose of norepinephrine was used on occasion to
maintain the mean arterial pressure above 60 mmHg, or within
30% of pre-reperfusion systolic arterial pressure. After the
surgery, the patient was sent to the surgical intensive care unit
(ICU) for further management.
Surgery related variables (total anesthesia time, operation time,

transfused blood volume, estimated blood loss) and graft related
variables (donor age, graft recipient weight ratio, cold and warm
ischemic time) were recorded.
Postoperative outcomes, including extubation time, time to

reach normal international normalized ratio (INR) of prothrom-
bin time (PT), alanine aminotransferase (ALT) concentration at
24hours after LT, postoperative acute kidney injury, pneumonia,
hepatic artery or portal vein thrombosis, and acute rejection, ICU
stay, days in hospital, and 3-year survival rate were compared.
The Sequential Organ Failure Assessment (SOFA) scores in the
ICU were also compared for the first 24hours.
2.1. The cytokine and MMP-9 assay

Venous blood was sampled at 10minutes postintubation (T0,
baseline) and during intraoperative liver transplantation—60min
(T1) and 120min (T2) after the start of the dissection phase; 10
minutes after the start of the anhepatic phase (T3); 10minutes
before reperfusion (T4); 10minutes (T5), 50minutes (T6), and
90minutes (T7) after reperfusion; and end of surgery (T8).
Plasma samples were separated by centrifugation (3500rpm/10
minutes) immediately and stored at –80°C until analysis, and
performed within 1 week. We used the MSD MULTI-SPOT
Human Cytokine Multiplex Assay Kit and Human Matrix
Metalloproteinase Assay Kit (Meso Scale Discovery, Gaithers-
burg, MD) to measure the serum concentrations of the cytokines
(interleukin-1 receptor antagonist [IL-1RA], IL-6, IL-8, and IL-
10) and MMP-9 in accordance with the manufacturer’s
instructions.
2.2. HO-1 mRNA expression level in peripheral whole
blood

The mRNA expression of HO-1 was determined by reverse
transcription polymerase chain reaction (PCR). Whole blood (2.5
ml) was collected at T0, T3, T4, T5, T7, and during the
postoperative intensive care period at 6hours (T9), 12h (T10), and
24hours (T11), following reperfusion into a TempusTM Blood
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RNA Tube (Applied Biosystems, Foster City, CA), containing a
proprietary solution that reduces RNA degradation and gene
induction. Samples were stored at – 80°C until RNA isolation.
2.3. RNA isolation and cDNA synthesis

RNA from peripheral whole blood samples was extracted using a
TempusTM Spin Isolation Reagent Kit (Applied Biosystems), as
previously described.[21] In brief, all RNA samples were handled
with RNase-free DNase (Qiagen) and reverse transcribed to
cDNA using a high-capacity cDNA Reverse Transcription Kit
(Applied Biosystems, Foster City, CA).
2.4. Quantitative real-time polymerase chain
reaction (RT-qPCR)

Quantification of cDNA was performed by real time quantitative
PCR (ABI PRISM 7500 Real-Time PCR System; Applied
Biosystems) using the TaqMan Universal PCR Master Mix II
(Applied Biosystems) under standard conditions. HO-1 mRNA
expression levels were quantified using the TaqMan assay HO-1
(Hs01110250/m1). For each sample, measurements were per-
formed in triplicate, and relative expressionwas analyzed using the
DDCtmethod.[22] All over this method, the amounts of target gene
mRNAwere normalized to an endogenous control and correlated
with a calibration sample using the formula RQ sample= 2 – (DCt
sample – DCt calibrator). Glyceraldehyde3-phosphate dehydroge-
nase (GAPDH; Hs99999905/m1) was used as an endogenous
control (Applied Biosystems).
Table 1

Characteristics of patients receiving TIVA or DES for liver transplant

TIVA group (n=25)

Age 52.0±9.1
Female 7 (28.0)
Male 18 (72.0)
BMI 24.9±3.4
MELD score 12.0±5.5
Child-Pugh score 7.3±1.8
P-SOFT score 6.7±2.8
Donor age 31.6±6.7
Indications for liver transplantation
Liver cirrhosis without hepatocellular carcinoma
Hepatitis B 6 (24)
Hepatitis C 2 (8)
Alcoholism 5 (20)

Liver cirrhosis with hepatocellular carcinoma
Hepatitis B 10 (40)
Hepatitis C 2 (8)

Underlying diseases
Hypertension 11 (44)
Diabetes mellitus 12 (48)

Baseline laboratory data
Hemoglobin (g dL�1) 11.1±1.9
Platelets (103 L�1) 95.0±49.8
INR 1.3±0.3
Creatinine (mg dL�1) 0.9±0.2
Total bilirubin (mg dL�1) 3.0±4.6
Serum potassium (mmol L�1) 4.1±0.5
Alanine aminotransferase (U L�1) 45.7±33.1
Plasma albumin (g dL�1) 3.4±0.6

DES=desflurane, INR= international normalized ratio of prothrombin time, MELD= the model for end-s
anesthesia.
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2.5. Statistical analysis

All data are expressed as mean (standard deviation) or numbers
with a percentage, unless otherwise indicated. Statistical analyses
were performed using the Statistical Package for Social Sciences
12.0 forWindows (SPSS, Inc., Chicago, IL). To obtain a collective
summary of serum biomarkers, the integral of the serum
biomarker concentration-time curve was calculated as the area
under the curve (AUC) for MMP-9, HO-1, IL-1RA, IL-6, IL-8,
IL-10, and lactate by the trapezoidal rule. Following conversion
of raw data into a logarithmic scale to achieve normality when
appropriate, Student t test was used to compared the means of the
two groups. Categorical variables were analyzed by the chi-
squared test or Fisher exact tests. Using generalized estimating
equation methods[23] with an identity link function, we modelled
the changes in biomarker concentration over time by contrasting
with concentration of T0 to take into account the correlated data
nature. P< .05 were considered significant.

3. Results

Of the50patients enrolled in the study, 25patientswere randomized
into the TIVAgroup, and 25patientswere randomized into theDES
group. All patients completed the study according to the protocol.
There was no difference between the two groups of patients in terms
of demographics, severity of liver cirrhosis, and baseline laboratory
data (Table 1). The 3 main causes of LT were hepatitis B cirrhosis
with hepatocellular carcinoma (42%), hepatitis B cirrhosis without
hepatocellular carcinoma (22%), and alcoholic cirrhosis without
ation. Values are mean ± SD or number (proportion).

DES group (n=25) P values

53.2±8.0 .600
6 (24.0) .747
19 (76.0)
24.3±4.6 .592
13.3±6.8 .465
7.8±1.8 .360
5.3±2.3 .059
30.0±6.3 .414

5 (20) .733
3 (12) .637
4 (16) .713

11 (44) .774
2 (8) 1.000

7 (28) .239
10 (40) .569

11.4±1.7 .538
106.3±58.0 .463
1.3±0.4 .708
1.0±0.6 .766
4.1±5.6 .459
4.1±0.5 .602
60.3±50.9 .243
3.1±0.6 .125

tage liver disease, SOFT= survival outcomes following liver transplantation, TIVA= total intravenous
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Table 2

Variables related to anesthesia and surgery of patients receiving
TIVA or DES for liver transplantation. Values are mean ± SD.

TIVA group
(n=25)

DES group
(n=25) P values

Graft recipient weight ratio 1.2±0.4 1.3±0.6 .674
Anhepatic time (minutes) 102.2±45.0 109.0±37.0 .562
Cold ischemic time (minutes) 70.1±29.2 74.0±25.1 .620
Warm ischemic time (minutes) 32.1±18.0 35.0±16.3 .545
Operative time (minutes) 612.4±89.3 596.0±95.5 .533
Intraoperative requirements of transfusion (Units)
PRBC 3.9±2.7 2.6±2.9 .111
FFP 3.4±2.7 2.0±3.4 .104
Platelets 1.0±0.8 0.6±0.8 .101
Albumin (mL) 210.0±99.0 184.0±96.5 .352

Fluid management (L)
Estimated blood loss 1.6±0.9 1.4±1.0 .638
Urine output 1.1±0.8 0.8±0.4 .095
Total fluid infusion 5.1±1.2 4.7±1.3 .231

DES=desflurane, FFP= fresh frozen plasma, PRBC=packed red blood cells, TIVA= total intravenous
anesthesia.
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hepatocellular carcinoma (18%).Variables related toanesthesia and
surgery were also similar between groups (Table 2).
We observed a significant increase inHO-1 expression after the

anhepatic phase (T3; P< .001, T4; P< .001, T5; P= .001, and
T7; P= .002) in the TIVA group compared with the DES group
(Table 3). The TIVA patients showed a significant reduction in
serum levels of MMP-9 at T7 (P= .014), and T8 (P= .006)
compared with the DES patients (Table 3). Patients in the TIVA
group showed a significant increase in IL-10 (Table 3) at T3
(P= .011), T4 (P= .018), T5 (P= .003), T6 (P= .01), and T7
(P= .017), and in IL-1RA (Table 3) at T6 (P= .028), T7
(P< .001), and T8 (P= .024) compared with the DES patients.
Furthermore, the mean IL-10-AUC (P= .002) and IL-1RA-AUC
(P= .004) were significantly higher in the TIVA patients
compared with the DES patients (Table 3). Moreover, the TIVA
patients showed a significant reduction in serum levels of blood
lactate (Lactate-AUC, P= .024) compared with the DES patients
(Table 3).
In TIVA patients, the effect concentration (Ce) of propofol at

the anhepatic phase (T3, 1.38±0.68; T4, 1.08±0.55mg/mL)
were significant lower than those in the baseline and dissection
phase (T0, 2.72±0.33; T1, 2.52±0.47; T2, 2.13±0.64mg/mL;
P< .05). There was a trend for the Ce of propofol to increase after
reperfusion. Ce of propofol in the end of anhepatic phase 10
minutes (T4, 1.08±0.55mg/mL) were significant lower than
those in the neohepatic phase 90minutes (T7, 1.42±0.61mg/mL,
P< .05) and end of surgery (T8, 1.53±0.67mg/mL, P< .05). No
significant difference was observed between the 2 groups with
respect to the intraoperative hemodynamic parameters and the
use of vasopressors (Table 5).
The TIVA patients showed a faster return to normal INR

values (3.76±2.17 vs 5.36±1.98 days, P= .009), and lower
plasma ALT concentration 24h after transplantation (137.32±
80.42 vs 273.68±200.13 U L�1, P= .003) (Table 4). The first 24
hours SOFA scores in the ICU were not significantly different
between the 2 groups, except the SOFA score of the respiratory
system (0.96±0.84 vs 1.48±0.77, P= .048) (Table 4) where
fewer TIVA patients developed acute lung injury (ALI) (PaO2/
FiO2<300, 32.0% vs 64.0%; P= .048) compared to the DES
patients (Table 4).
4

4. Discussion

The main finding of our study was that, under IRI, propofol-
based TIVA exhibited its cytoprotective properties causing an
anti-inflammatory response (reduced level of MMP-9 and
elevated levels of IL-1RA and IL-10) and antioxidative stress
(upregulated HO-1 expression) with improved recovery of graft
function and better microcirculation compared with desflurane
anesthesia in LT recipients. However, there was no impact on
long term outcome.
4.1. The protective effect of propofol vs desflurane on the
post-reperfusion injury and graft function

IRI during LT can result in significant graft dysfunction in the
postoperative period. ALT is commonly used to assess graft
injury after LT, and factors such as ischemic time and vascular
anastomosis steatosis may also contribute to the level of ALT.[24]

Moreover, normal INR or PT is also used to assess the graft
function after LT. It has been hypothesized that according to anti-
IRI characteristics, volatile anesthetics might be the more
appropriate choice in patients undergoing liver surgery with
occlusion.[25] A recent randomized controlled trial showed
sevoflurane may provide better protective effects in the clinical
setting of transplantation than desflurane[26] and this protective
effects of sevoflurane have been described in a mouse IR-
model.[27] In our study, the TIVA group showed a faster return to
a normal INR, and lower plasma ALT concentrations 24hours
after LT than the DES group; this suggested that propofol
anesthesia was exerting a better protective effect on the post-
reperfusion injury and graft function than desflurane anesthesia.
Lactate has been shown to monitor the microcirculation
conditions during anesthesia. In our study, we found that TIVA
patients showed a significant reduction in serum levels of blood
lactate compared with the DES patients; it was consistent with
our previous findings TIVA produced a better microcirculation
than the desflurane anesthesia during the ischemia-reperfusion
phase in LT patients.[12] Further studies are required to see if the
difference between propofol and desflurane anesthesia still holds
between propofol and sevoflurane anesthesia.

4.2. Propofol attenuation of hepatic IRI involves HO-1

HO-1 shows a protective effect in many disease models through
its anti-inflammatory, antiapoptotic, and antiproliferative
actions.[28] Upregulated HO-1 may be one of the critical
cytoprotective mechanisms activated during ischemia, inflamma-
tion, hypoxia, or radiation,[29] and it is believed to show an
important role in maintaining oxidative homeostasis during
cellular damage.[30] Recent research results have brought out a
redefinition of the HO pathway because there is no single
antioxidant mechanism but a more complex and coordinated
cytoprotective system.[5]

Propofol has been reported to inhibit the ischemic reperfusion-
induced formation of lipid peroxides in LT recipients,[31]

significantly decrease the leakage of liver enzymes, and markedly
reduce number of lesions in histological examination of the liver
in a hepatic IRI rabbit model.[32] However, there are few reports
that exhibit the effect of propofol on IRI and HO-1. Acquaviva
et al. exhibited that propofol utilizes its protective effects in
astrocytes through upregulation of HO-1, and suggested that the
stimulation of the HO-1 pathway may explain the antioxidative
and anti-inflammatory properties of propofol.[15] Liang et al also



Table 3

Changes in heme oxygenase-1 (HO-1) mRNA level, plasma matrix metalloproteinase-9 (MMP-9), interleukin-1 receptor antagonist (IL-
1RA), IL-6, IL-8, IL-10, and lactate concentration in patients receiving TIVA or DES techniques. Values are mean ± SD.

HO-1 mRNA level (blood) TIVA group (n=25) DES group (n=25) P values

T0 1.00±0.00 1.00±0.00
T3 1.71±0.68 1.13±0.44 .000
T4 2.42±0.94 1.56±0.60 .000
T5 2.54±0.86 1.79±0.83 .001
T7 2.52±1.00 1.75±0.78 .002
T9 1.75±0.71 1.65±0.65 .612
T10 1.39±0.48 1.35±0.53 .745
T11 1.19±0.42 1.23±0.50 .712
AUCHO-1mRNA 2873.3±648.8 2520.9±788.0 .091
MMP-9 level (blood) TIVA group (n=25) DES group (n=25) P values
T0 1.00±0.00 1.00±0.00
T1 1.05±0.39 1.33±0.74 .079
T2 1.49±0.67 1.84±0.73 .066
T3 3.57±2.37 3.56±3.62 .993
T4 3.68±2.33 4.09±2.80 .571
T5 3.88±2.40 4.81±4.05 .313
T6 3.78±2.49 5.50±4.96 .114
T7 3.28±2.36 6.06±5.25 .014
T8 2.70±2.02 5.01±3.74 .006
AUCMMP-9 1696.1±936.6 2374.9±1788.5 .099
IL-1RA (pg/mL) TIVA group (n=25) DES group (n=25) P values
T0 10.07±17.76 10.47±23.49 .945
T1 14.63±19.34 13.84±27.43 .780
T2 31.89±66.67 15.64±29.40 .233
T3 66.67±94.79 40.72±59.69 .219
T4 157.30±142.39 102.25±130.71 .145
T5 901.97±1484.05 561.77±1032.93 .336
T6 1365.64±1396.61 632.80±974.83 .028
T7 3474.70±1256.11 1942.84±1122.39 .000
T8 4139.22±979.37 3453.33±1338.07 .024
AUCIL-1RA 859910±336881 567130±340402 .004
IL-6 (pg/mL) TIVA group (n=25) DES group (n=25) P values
T0 5.46±8.45 5.37±11.29 .974
T1 6.54±10.74 4.63±7.80 .307
T2 21.00±20.03 23.54±18.91 .571
T3 163.35±113.16 182.28±73.99 .479
T4 200.75±119.08 222.21±89.17 .468
T5 189.88±107.79 203.53±84.59 .616
T6 199.83±113.62 229.08±129.01 .388
T7 190.06±116.60 234.78±145.21 .222
T8 136.64±56.44 200.13±130.57 .023
AUCIL-6 76368±36025 86930±30716 .270
IL-8 (pg/mL) TIVA group (n=25) DES group (n=25) P values
T0 8.78±8.60 11.30±10.75 .350
T1 11.80±13.99 18.35±20.20 .335
T2 14.14±13.02 19.30±17.43 .447
T3 27.36±24.40 45.59±99.54 .406
T4 30.03±24.85 55.82±98.80 .228
T5 34.05±31.73 54.91±87.94 .297
T6 56.18±51.87 69.72±76.74 .526
T7 69.14±72.29 99.67±123.80 .304
T8 69.44±58.69 97.94±120.62 .304
AUCIL-8 24570±19592 33766±40371 .311
IL-10 (pg/mL) TIVA group (n=25) DES group (n=25) P values
T0 6.16±19.09 3.52±12.36 .554
T1 18.14±34.59 8.33±20.05 .221
T2 55.86±66.46 37.11±94.76 .465
T3 356.49±300.98 167.21±217.90 .011
T4 426.40±283.32 243.12±267.59 .018
T5 458.01±290.37 248.28±191.22 .003
T6 669.07±403.41 427.32±238.36 .010

(continued )
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Table 3

(continued).

HO-1 mRNA level (blood) TIVA group (n=25) DES group (n=25) P values

T7 769.19±434.95 511.62±325.52 .017
T8 527.13±384.68 386.99±337.05 .174
AUCIL-10 243210±138249 139950±82303 .002
Lactate concentrations (mmol/L) TIVA group (n=25) DES group (n=25) P values
T0 1.22±0.88 1.28±0.85 .795
T1 1.42±0.80 1.79±0.75 .096
T2 1.85±0.90 2.62±0.98 .006
T3 2.66±1.18 3.64±1.21 .006
T4 3.31±1.54 4.63±2.08 .014
T5 3.69±1.79 4.99±2.11 .024
T6 3.62±2.13 4.97±2.14 .030
T7 3.53±2.22 4.84±2.14 .039
T8 3.23±2.23 4.62±1.98 .024
AUCLactate 1724.5±895.8 2312.4±891.9 .024

Baseline: post-intubation 10min (T0); Dissection phase: dissection phase 60min (T1), 120min (T2); Anhepatic phase: anhepatic phase 10min (T3), end of anhepatic phase 10min (T4); Reperfusion phase:
neohepatic phase 10min (T5), 50min (T6), 90min (T7), and end of surgery (T8). Postoperative intensive care period: 6h (T9), 12 h (T10), and 24h (T11) after reperfusion.
AUC= area under the curve, DES=desflurane, TIVA= total intravenous anesthesia.

Table 4

Postoperative outcomes in patients receiving TIVA or DES for liver transplantation. Values are mean ± SD or number (proportion).

TIVA group (n=25) DES group (n=25) P values

Extubation time (hours) 13.6±3.8 13.5±4.6 .920
Normal INR or PT time (days) 3.8±2.2 5.4±2.0 .009
Plasma ALT concentrations 24hours posttransplantation (U L�1) 137.3±80.4 273.7±200.1 .003
ICU stay (hours) 54.1±18.1 58.0±27.4 .553
Hospital stay (days) 13.7±5.1 15.7±7.6 .290
Acute kidney injury 1 (4) 1 (4) 1.000
Pneumonia 0 (0) 1 (4) 1.000
Hepatic artery or portal vein thrombosis 0 (0) 1 (4) 1.000
Acute rejection 1 (4) 1 (4) 1.000
3-year survival 23 (92) 20 (80) .417
Postoperative requirements of transfusion (Units)
PRBC 2.5±1.7 2.1±2.2 .417
FFP 0.1±0.4 0.2±0.8 .368
Platelets 0.0±0.0 0.0±0.2 1.000

The first 24hours Sequential Organ Failure Assessment (SOFA) scores in the ICU
Respiratory system
PaO2/FiO2 (mmHg) 368.8±84.9 314.7±67.9 .016
SOFA1 score 1.0±0.8 1.5±0.8 .027
PaO2/FiO2 < 300 8 (32) 16 (64) .048

Cardiovascular system (mean arterial pressure or vasopressors use)
ICU vasopressors use 7 (28) 8 (32) .816
SOFA2 score 0.6±1.0 0.7±1.0 .782

Hepatic system
Total Bilirubin (mg dL�1) 2.6±2.0 3.7±4.7 .261
SOFA3 score 1.3±0.9 1.5±1.2 .507

Coagulation system
Platelet count (103 L�1) 71.9±38.2 80.2±35.8 .428
SOFA4 score 2.1±0.8 1.9±0.7 .363

Renal system
Creatinine (mg dL�1) 0.8±0.2 0.8±0.5 .808
SOFA5 score 0.0±0.2 0.2±0.5 .248

Neurological system
Glasgow coma scale 15.0±0.0 15.0±0.0 1.000
SOFA6 score 0.0±0.0 0.0±0.0 1.000
Total SOFA score 5.0±2.1 5.8±2.0 .211

ALT= alanine aminotransferase, DES=desflurane, FFP= fresh frozen plasma, ICU= intensive care unit, INR= international normalized ratio, PRBC=packed red blood cells, PT=prothrombin time, TIVA= total
intravenous anesthesia. Total SOFA score = SOFA1 score + SOFA2 score + SOFA3 score + SOFA4 score + SOFA5 score + SOFA6 score.
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Table 5

Changes in the intraoperative hemodynamics (CI, SVRI, MABP)
and vasopressors requirement in patients receiving TIVA or DES
techniques. Values are mean ± SD or number (proportion).

CI (L/min/m2) TIVA group (n=25) DES group (n=25) P values

T0 3.42±0.48 3.53±0.62 .48
T1 3.58±0.71 3.66±0.77 .69
T2 3.67±0.65 3.66±0.72 .96
T3 3.52±0.56 3.45±0.65 .68
T4 3.56±0.74 3.64±0.69 .69
T5 4.43±0.57 4.29±0.78 .48
T6 4.08±0.84 4.08±0.74 .99
T7 4.01±0.74 4.22±0.82 .34
T8 4.03±0.54 4.12±0.88 .68
SVRI (dyn∗s/cm5/m2) TIVA group (n=25) DES group (n=25) P values
T0 1650.5±361.9 1620.3±414.3 .78
T1 1652.8±346.4 1560.8±440.3 .41
T2 1673.3±366.4 1563.2±461.5 .35
T3 1752.4±381.5 1715.9±462.4 .76
T4 1773.9±334.4 1724.3±486.9 .68
T5 1450.5±268.8 1321.8±349.9 .15
T6 1523.5±310.2 1411.1±455.9 .31
T7 1487.6±247.5 1323.6±407.8 .09
T8 1518.2±286.5 1323.7±463.2 .08
MABP (mmHg) TIVA group (n=25) DES group (n=25) P values
T0 84.9±15.2 83.7±12.3 .68
T1 88.6±14.9 86.0±16.3 .42
T2 85.1±14.1 87.6±14.4 .41
T3 86.2±14.7 86.4±14.0 .95
T4 87.5±14.1 87.5±14.1 .99
T5 93.0±12.3 88.9±14.7 .15
T6 90.3±12.6 85.4±13.8 .08
T7 84.9±13.4 83.6±13.8 .65
T8 85.0±12.1 84.4±14.0 .81
Intraoperative

vasopressors
requirement

5 (20) 8 (32) .34

Baseline: post-intubation 10min (T0); Dissection phase: dissection phase 60min (T1), 120min (T2);
Anhepatic phase: anhepatic phase 10min (T3), end of anhepatic phase 10min (T4); Reperfusion
phase: neohepatic phase 10min (T5), 50min (T6), 90min (T7), and end of surgery (T8).
CI= cardiac index, DES=desflurane, MABP=mean arterial blood pressure, SVRI= systemic vascular
resistence index, TIVA= total intravenous anesthesia.
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exhibited that propofol exerts its postconditioning neuropro-
tective effect in an animal model of brain IRI in part by inducing
HO-1 expression.[17] An animal study indicated that the
attenuation of renal IRI by propofol also involved HO-1.[14]

Under oxidative stress conditions, propofol increased both of
HO-1 expression and activity in vascular endothelial cells.[16] In
hyperglycemic rats, propofol also conveyed renoprotection
against IRI by preserving antioxidation ability and attenuating
inflammatory responses.[33] In another model, hemin pretreat-
ment increased lung antioxidant capacity and reduced inflam-
matory stress, protecting the lung from orthotopic autologous
LT-induced acute lung injury (ALI) during the early stage of
reperfusion by enhancing HO-1 induction.[18]

Contrary to the previously mentioned protective effect of HO-
1 on oxidant-induced damage, Froh et al[34] reported that
overexpression of HO-1 induced by cobalt protoporphyrin
increased liver damage, such as overexpression of ALT, increased
cell necrosis, and fibrosis. The authors suggested that a high level
of HO-1 might make cells sensitive to oxidative stress due to the
accumulation of free divalent iron, thereby aggravating oxidative
damage. Matsumi et al[35] investigated the clinical significance of
7

the HO-1 gene and protein expression levels with their
relationship between the exhaled carbon monoxide levels and
liver injury in 29 liver allografts during living donor LT. They
demonstrated that HO-1 mediated heme breakdown through IRI
was associatedwith increased exhaled carbonmonoxide levels and
liver injury. The controversial effect of the HO-1 expression in
cytoprotection or increased cytotoxicity in liver allografts should
be studied attentively in the future. Nevertheless, in the present
study, we first found that propofol also mitigated hepatic IRI (a
faster return to a normal INR and lower plasma ALT concen-
trations 24hours after transplantation) in LT recipients, and the
upregulation of HO-1 appeared to be one of the mechanisms by
which propofol protects against hepatic ischemic injury.
4.3. Propofol attenuation of hepatic IRI through inhibiting
release of inflammatory factors and downregulation of
MMP-9

The events that occurs during hepatic IRI manifests as an early
increase in oxidative stress, liver sinusoidal endothelial cell injury,
Kupffer cell activation, and advance release of reactive oxygen
species, all of which by turns lead to significant tissue injury and
liver remodeling.[36] MMPs are the major enzymes involved in
remodeling of connective tissue; their inappropriate, prolonged,
or excessive expression has deleterious consequences.[9] There-
fore, increased MMPs activity may lead to liver damage, with
changes of the sinusoidal cells and stromal structure remodeling.
Among different MMPs, MMP-9 appears as an important
mediator of leukocyte flux in liver IRI, and an inducible gelatinase
expressed by leukocytes in acutely damaged livers.[9] Moreover,
increased expression of hepatic MMP-9 has been reported after
normothermic IRI.[37] In rat livers,MMP-9 was upregulated after
6hours after LT,[38] and 3hours following IRI.[39] In human
orthotopic LT, MMP-9 was detected in the serum of patients
minutes following reperfusion, and this is associated with acute
allograft rejection.[11] The MMP-9 levels persisted elevated for
several days following LT, and brought about a progression of
liver damage in IRI.[10] Moreover, Shirahane et al showed that
specific MMP inhibitors decrease liver damage following
ischemia, which was associated with a reduction of inflammatory
cytokine release.[40] Hamada et al have shown that using an anti-
MMP neutralizing monoclonal antibody to targetMMP-9 results
in protective effect from damage following hepatic IRI.[9]

Furthermore, MMP-9 inhibition has been exhibited to be
beneficial in limiting post-ischemic liver injury, including in
whole LT and acute “small-for-size” graft damage.[41] On the
contrary, Feng et al[42] confirmed that liver damage was reduced
in MMP-9-/- mice at 24hours following reperfusion, recovery of
liver following 72hours of reperfusion was significantly delayed
in MMP-9-/- mice compared to WT mice. Accordingly, MMP-9
appears to show a dual effect in hepatic IRI, which varies with
time of reperfusion.[43]

However, to the best of our knowledge, this is the first report
showing that propofol anesthesia attenuates hepatic IRI in LT
recipients by the downregulation of MMP-9 and inhibition of the
inflammatory factor release (elevated levels of IL-1RA and IL-10).
4.4. Weaknesses in study

The major limitation of this pilot study was the small number of
patients selected; hence the conclusion cannot be taken as
evidence. More participants are required to conduct a further
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exploratory study to explore the role of propofol in blunting the
reperfusion injury and association with long term outcomes
during liver transplant surgery. In this aspect, t more studies.
Second, the only recipient pathology directly affected by graft
survival associated with gender mismatch is hepatitis C-positive
female recipients with male donors, female donors being
independent predictor of fibrotic progression and graft loss.[44]

Nevertheless, this topic does not administer to our study, and
there was no significant difference in gender and indications for
LT between the 2 groups. Finally, our understanding of
pathophysiology in hepatic IRI is poor. Thus, more studies are
needed to improve our knowledge of the mechanisms of liver cell
damage, inflammation, and regeneration.
5. Conclusions

To the best of our knowledge, this is the first study to investigate
the protective effect of propofol-based TIVA against IRI and graft
outcome compared with desflurane anesthesia in LT recipients.
Our study showed that propofol attenuates hepatic IRI with
improved recovery of graft function and better microcirculation,
and this protection may be through attenuating inflammation
responses, downregulation of MMP-9, and enhancing HO-1
expression. However, there was no impact on long term outcome
due to the small number of patients of a pilot study. Our results
may shed light on the clinical application of propofol to alleviate
inflammation and oxidative stress in IRI. More participants are
required to conduct a further exploratory study to explore the
role of propofol in blunting the reperfusion injury and association
with long term outcomes during liver transplant surgery.
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