Research Article

2017

Vol.1No. 1:2

Journal of Surgery and Emergency Medicine

http://www.imedpub.com/

The Effects of Hepatic Ischemia-Reperfusion Injury on Postoperative Cognitive
Function in Elderly Patients

Yigiao Wang, Lina Hao, Pei Gao, Zhenhua Ren and Yuanhai Li

Department of Anesthesiology, Hospital of Anhui Medical University, Hefei, Anhui, China

Corresponding author: Yuanhai L, Department of Anesthesiology, Hospital of Anhui Medical University, 218 Jixi Road, Hefei, Anhui, 230022,
China, Tel: 86-551-6292-2057; E-mail: liyuanhai-1@163.com

Received date: December 02, 2016; Accepted date: December 26, 2016; Published date: December 30, 2016

Copyright: © 2016 Wang Y, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Citation: Wang Y, Lina H, Pei G, et al. (2016) The Effects of Hepatic Ischemia-Reperfusion Injury on Postoperative Cognitive Function in Elderly
Patients. J Surgery Emerg Med 1:2.

Abstract

Background: Surgical trauma, such as hepatic ischemia-
reperfusion (HIR), resulting in the release of peripheral
pro-inflammatory cytokines into the brain to affect
neurocognitive function, is a prominent risk factor for the
development of postoperative cognitive dysfunction
(POCD).

Methods: Forty patients of partial hepatectomy were
divided into two groups: hepatic ischemia-reperfusion
group (Group I/R) and control group (Group C). Each
group had 20 individuals. Hepatic portal was clamped in
the process of partial hepatectomy in the patients of
Group I/R, otherwise in the Group C did not block Hepatic
portal. Blood sample was collected on the 1th day before
surgery and 4th days after surgery respectively, and then
the contents of IL-6, TNF-a, S100B protein, AST and ALT
were detected by ELISA kit. Neuropsychological tests were
performed according Murkin’s standard on the 1th day
before surgery and the 4th day, and Z score was counted
and used to identify the occurrence of POCD.

Result: On the 4th days after surgery, the serum level of
IL-6, TNF-a and S100B in the Group I/R patients
significantly increased comparing with Group C (P<0.05).
Psychological evaluation was performed, and found that Z
score was more than 1.96 in 4 patients among Group C,
while there were 11 patients in Group I/R. The incidences
of POCD in Group I/R were 55%, and obviously higher
than 16% in Group C. The incidence of POCD was
correlated with serum levels of IL-6, TNF-a and S100p in
Group I/R patients.

Conclusion: Our results demonstrated that hepatic
ischemia-reperfusion in the partial hepatectomy
increased the incidence of POCD in elder patients, which
was correlated with the elevated levels of IL-6, TNF-a and
S100B in peripheral blood.

Keywords: Elderly patients; Hepatic Ischemia-
reperfusion; Inflammatory factor; POCD

Abbreviation

ALT: Alanine aminotranferease

AST: Aspartate aminotransferase

CVP: Central venous pressure

ECG: Electrocardiograph

HIRI: hepatic ischemia-reperfusion injury
HIR: Hepatic ischemia-reperfusion

HR: Heart rate

I/R: Ischemia/Reperfusion

MAP: Mean arterial pressure

POCD: postoperative cognitive dysfunction
PAUC: Postanesthesia care unit

Sp02: Pulse oxygen saturation

TIVA: Total intravenous anesthesia

TIC: Target controlled infusion

Introduction

Surgical trauma initiates a chain of events that culminate in
systemic inflammatory response and multi-organ failure [1].
Liver is one of the most important organs. It is often
unavoidable to block the hepatic portal in the liver surgery,
such as liver transplantation, partial hepatectomy and other
surgical traumas, which inevitably lead to hepatic ischemia-
reperfusion injury (HIRI), resulting in influences on distant
organs [2]. The brain is one of the most vulnerable targets for
distant organ damage induced by hepatic ischemia-reperfusion
(HIR) [3]. It has been previously reported that HIR, resulting in
the release of inflammatory mediators, is a prominent risk
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factor for the development of postoperative cognitive
dysfunction (POCD) [4, 5].

Postoperative  cognitive  dysfunction (POCD) is a
complication of the mental system that occurs in
postoperative patients. It is manifested in changes in
mentality, personality, social activities and cognitive abilities.
POCD often occurs in patients undergoing emergency or major
surgery, and its clinical features include insanity, anxiety,
cognitive decline, impaired memory, decreased
comprehension of language and decreased social integration
ability [6], which is more common in elderly patients. In clinic,
postoperative cognitive dysfunction commonly occurs after
HIRI in patients, especially the elderly [7]. Inflammatory
response in perioperative period is considered to be a critical
factor for the occurrence of POCD. HIR produce a large number
of pro-inflammatory cytokines, followed by activation of
vascular endothelial cells and induction of the resting and
activated T lymphocytes to adhere to brain microvascular
endothelial cells [8, 9], consequently causing the changes in
the permeability of the brain microtubule system and
eventually affecting the blood-brain barrier [8].

In addition, S100PB protein is a specific biomarker of brain, its
content correlates closely with the severity of brain injury and
prognosis. Thus, it can be used as a sensitive, specific and
reliable biochemical indicator for the assessment of mild and
moderate brain injuries [10, 11]. In this study, we examined
the incidence of POCD in elderly patients undergoing partial
hepatectomy with or without blocking the hepatic portal, and
investigated the serum levels of IL-6, TNF-a and S100B. We
also evaluated the relationship between the incidence of
POCD and the levels of these inflammatory factors.

Patients and Methods

Patients and grouping

From April 2015 to May 2016, 40 patients who underwent
partial hepatectomy in our hospital, sex-unbiased, were
enrolled with 65 to 80 years of age, cardiac function of grade
I~ liver function of grade A, ASA of grade II™lll, and with
primary education or above. The patients were divided into
two groups: non-blocked hepatic portal group (Group C, n=20)
and hepatic portal block group (Group I/R, n=20). Those
subjects were excluded with any of the following situations:
drug addiction, alcoholism, visual and hearing impairment,
mental history, or heart and brain vascular disease sequelae.
All the qualified participants” MMSE scores were >24 before
operation. This study was approved by the Ethics Committee
of the First Affiliated Hospital of Anhui Medical University in
accordance with all regulations, and all the patients signed the
informed consent of the clinical trial after in-depth
communications.

Anesthetic methods

Before anesthetizing, intravenous injection of 0.5 mg of
penehyclidine hydrochloride and 10 mg of dexamethasone
was given to each patient 30 min pre-operation.
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Electrocardiograph (ECG), heart rate (HR), pulse oxygen
saturation (SpO,), mean arterial pressure (MAP), central
venous pressure (CVP) and nasal temperature were measured
in the operating room, and BIS was also monitored to maintain
BIS value at 40~60. The induction of anesthesia was performed
with 0.03 mg/kg of midazolam, 0.5-1 mg/kg of propofolum,
0.3-0.4 pg/kg of sufentanil, 0.2 mg/kg of cisatracurium,
endotracheal intubation and connection to anesthesia
apparatus with IPPV mode ventilation, PET CO, maintained at
35~40 mmHg.

The entire anesthetizing course maintained with total
intravenous anesthesia (TIVA) and target controlled infusion
(TIC) mode: the serum target concentration of remifentanil
was set at 3-5 ng/ml, propofolum at 1-3 pg/ml, intermittent
cisatracurium at 0.01-0.02 mg/kg/h. The parameters of
anesthesia apparatus were set as follows: ventilation
frequency, 10 times/min; tidal volume, 8-10 mg/Kg; inspiration
ratio, 1:1.5; oxygen concentration, 0.8-1.0; oxygen flow rate,
1.5 L/min; Sp0,>95%. Fluid loss and blood loss during surgery
were supplemented accordingly based on the monitoring data
and condition changes. Intraoperative temperature of each
patient should be maintained with blanket device for
insulation to keep the nasal temperature at 36~37°C.

The patients were transferred to resuscitation room for
intensive care and observation after surgery, when the
patients were fully awake, the evaluation of extubation
conditions was carried out and the tracheal catheter was
removed in line with extubation criteria. The patients’ dwelling
time of post-anesthesia care unit (PAUC) and extubation time
were recorded (starting from the end of surgery).
Postoperative intravenous analgesia pump was used with
sufentanil at a concentration of 0.05 pg/kg/h for analgesia.

Intraoperative and

Indicators Record

Monitoring

Electrocardiograph (ECG), heart rate (HR), pulse oxygen
saturation (Sp0O2), mean arterial pressure (MAP), central
venous pressure (CVP) and nasal temperature were monitored
for each patient in the operating room, and after surgery the
patients were transferred to resuscitation room for intensive
care and observation. The patient’s dwelling/duration time of
PAUC and extubation time were recorded (starting from the
end of surgery) by a specially-trained investigator.

Surgery time (starting from skin incision to the end of
suturing) was also documented. MAP, SpO,, HR, body
temperature were recorded for both groups at the following 7
time points, respectively: for Group I/R, before induction of
anesthesia (T1), after induction (T2), after tracheal intubation
(T3), before hepatic portal block (T4), 10 min after blocking
(T5), block removal (T6), and 30 min after block removal (T7);
for group C, correspondingly, T4 was defined at ‘before
hepatectomy’, T5 at ‘10 min after the beginning of
hepatectomy’, T6 at ‘end of keratectomy’, and T7 at ‘30 min
after hepatectomy’.
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Cognitive Function Assessment and
POCD Measurement Methods

Postoperative cognitive dysfunction (POCD) evaluation was
conducted with the testing assays recommended by Murkin et
al.,, at 1 day pre-operation and 4 days post-operation [11].
Briefly, seven testing items were included as follows:
cumulative test, trail making tests A and B, digit span test,
backward digit span test, clock drawing test and digit symbol
test. Before these tests, 160 healthy volunteers were selected
to calculate the baseline and practice effect values,
respectively.

According to Murkin’s calculation formula: Z=[absolute value
of (postoperative score-preoperative score)-practice effect
value]+standard deviation of the baseline value, POCD
diagnostic criterion is defined: if two single Z values (or
composite Z value) are greater than or equal to 1.96, then the
postoperative cognitive dysfunction is confirmed.

AX — AX .
Z= SD(4X )

_ Zza, b,c,d, etc.
combine SD(Z Zcontrol)

Note: X, the absolute value difference between the test
value 4 days post-operation and the test value 1 day pre-
operation; Xc, the value difference between the baseline
values tested twice from healthy control; SD (Xc), standard
deviation of Xc.

Inflammatory Factors, AST and ALT
Analysis

Venous blood samples of limosis were collected from each
subject in the mornings on 1 day before operation and 4 days
after operation. Blood samples were placed at room
temperature for 2 h, and then centrifuged at 3500 rpm/min for
10 min. Serum was collected immediately and stored at -40°C.
Serum IL-6 and TNF-a were determined via commercial ELISA
Kits (Wuhan Boster Biological Engineering Co., Ltd., China) in
accordance with the manufacturer’s instructions. The
detection ranges of the two cytokines were <15.6 ng/L and
<4.69 ng/L, respectively. In addition, the blood samples were
harvested before operation, 30 min after operation and 6 h

Table 1: The general status of patients.
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after operation for serum S100B protein detection through
ELISA (Beijing Bomais Technology Development Co., Ltd.,
China). Lastly, serum alanine aminotranferease (ALT) and
aspartate aminotransferase (AST) were also measured by an
automatic biochemical detector.

Statistical analysis

Statistical analysis was performed using SPSS 15.0, and all
measured data were presented as the means + SD. Vital sign
data were analyzed by variance analysis. The level of
significant differences in group means was determined by the
Student's t-test for parametric data sets. Counting data were
compared using the X2 test. Pearson’s partial correlation
analyses were also performed between cognitive function
scores and serum levels of IL-6, TNF-a and S100pB, controlling
for general status of patients, to adjust for the possible effects
of sex, age, body weight, surgery time and etc. A P value of
<0.05 was considered significant in all analyses.

Results

General status of patients

40 patients undergoing partial hepatectomy were enrolled
in this study, they were divided into two groups: non-blocked
hepatic portal group (Group C) and hepatic portal block group
(Group I/R). General status of patients were analyzed, and
there were no significant differences in sex ratio, age, body
weight, surgery time, PACU dwelling time and tracheal
extubation time between two groups (P>0.05, Table 1).

Intraoperative vital signs

The vital signs of patients, including Mean Arterial Pressure
(MAP), pulse oxygen saturation (Sp0O,), body temperature and
heart rate (HR), were monitored during surgery.

The data of vital sighs were recorded at the indicated 7 time
points (T1-T7), respectively, as follows: before induction of
anesthesia (T1), after induction (T2), after tracheal intubation
(T3), before hepatic portal block (T4), 10 min after blocking
(T5), block removal (T6), and 30 min after block removal (T7).
There were no statistically significant differences between two
groups in MAP, SpO,, body temperature and HR (P>0.05, Table
2).

PACU dwelling time
Group Sex (M/F) Age (Y) Body weight (kg) Surgery time (min) (min) Extubation time(min)
Group C 12-Aug 70.00+4.00 61.30£8.00 142.20+46.20 53.40£14.10 31.40+£10.60
Group I/IR 13-Jul 70.50+5.00 66.00+9.00 134.40+31.00 55.70+16.40 29.3049.70

Table 2: MAP, SpO,, T and HR at different time points.
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vital Group T T2 T3 T4 T5 T6 T7
signs
MAP Group C | 96.92+11.46 72.608.12 91.14+16.23 97.81+13.56 93.67+8.66 91.23+8.72 93.27+9.48
(mmHg)
Group 95.94+10.47 72.26+8.62 92.40+11.16 95.20+12.85 94.40+12.47 91.47+12.76 92.40+8.78
IIR
Sp0, (%) | GroupC | 99.011.31 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00£0.00
Group 98.82+1.39 100.00£0.00 100.00£0.00 100.00£0.00 100.00£0.00 100.00£0.00 100.00+0.00
IIR
T (oC) GroupC | 36.85%0.21 36.85£0.18 36.8420.17 36.63+0.25 36.56+0.24 36.43£0.18 36.230.19
Group 36.72+0.25 36.78+0.26 36.67+0.29 36.67+0.24 36.52+0.25 36.42+0.20 36.29+0.22
IR
HR (bpm) | GroupC | 71.82+13.27 69.83+12.62 82.29+13.85 82.76+10.26 84.31£11.74 83.62+11.21 84.84+12.16
Group 76.81+9.35 69.16+7.89 79.09+11.42 83.24+11.46 86.93+11.86 85.28+12.95 78.73+13.64
IIR
Comparison of POCD Test Results ( A
B
According to Murkin et al., testing assays [11], the two - i
groups of patients received the following tests, including ! e
cumulative test, trail making tests A and B, digit span test, | | i | | e i
backward digit span test, clock drawing test and digit symbol D -
test, two times at 1 day pre-operation and 4 days post- l\\\’f -
operation. The results showed that the cumulative test time B
(Figure 1A) and trail making test B time (Figure 1C) at 4 days o eooromen
postoperation increased significantly compared with those at E
1 day pre-operation in Group I/R; otherwise, the digit span test D
time (Figure 1D), backward digit span test time (Figure 1E) and ’
digit symbol test time (Figure 1G) markedly decreased. | L eveseee  someosmoen | LT seeeeemen s
. . i s
Comparing with Group C at 4 days post-operation, the .
cumulative test time (Figure 1A) and trail making test B time Kﬁ” ...
(Figure 1C) remarkably increased, while the backward digit

span test time (Figure 1E) and digit symbol test time (Figure
1G) decreased evidently in the Group I/R.

According to the previous standard as described by Murkin
et al. [11] Postoperative cognitive dysfunction (POCD) was
conducted with the following testing assays at 1 day pre-
operation and 4 days post-operation. Seven testing items were
included as follows: cumulative test, trail making tests A and B,
digit span test, backward digit span test, clock drawing test
and digit symbol test. Before these tests, 160 healthy
volunteers were selected to calculate the baseline and practice
effect values, respectively (Figure 1).

Table 3: The POCD scores pre- and post- operation.

Figure 1: POCD test at pre- and post-operation (* P<0.05, 1
day pre-operation v.s. 4 days post-operation in two groups;
# P<0.05, Group I/R v.s. Group C.).

/

Then we analyzed the difference of POCD scores between
two groups, and the data indicated that there were significant
differences in the accumulative test, trail making test B,
backward digit span test and digit symbol test times at 4 days
post-operation between the Group I/R and Group C (P<0.05).
However, it did not differ significantly among the other tests
(P>0.05) (Table 3).

Item Group 1 day pre-operatoin 4 days post-operation Difference

Cumulative test (s) Group C 65.7£19.3 87.2434.1 12.1+6.2
Group I/IR 63.4+£20.2 126+37.6 62+14.5a

Trail making test A (s) Group C 55.749.1 58.2+4.4 4.748.5
Group I/IR 54.618.5 60.2+7.6 4.146.3
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Trail making test B (s) Group C 113432 113427 -0.3£19.8
Group I/IR 108+29 127+45 20.5+24.3a
Digit span test (n) Group C 7.8+1.2 6.7+1.3 -1.0£0.9
Group I/IR 8.1+1.1 6.9£1.6 -1.3+0.8
Backward digit span test (n) Group C 5.7+1.2 44415 -1.11£0.6
Group I/R 5.8+1.3 3.8+1.2 -1.9+0.2a
Clock drawing test (scores) Group C 3.5£0.6 3.840.5 0.3+0.5
Group I/R 3.7¢0.5 3.5+0.6 0.1+0.4
Digit symbol test (n) Group C 358 32+11 -4.0£5.3
Group I'R 3619 29+10 1.6+7.8a

According to the standard Murkin’s Z scoring system [11], In
this study, there were 4 cases in Group C and 11 cases in
Group I/R, whose individual Z scores were greater than 1.96.
The incidence of POCD were 16% and 55% in Group C and
Group I/R patients, respectively, suggesting that POCD in
Group I/R patients occurs more common than in Group C
(P<0.05).

The Serum Levels of IL-6, TNF-A and
S100B

Blood samples were collected from each subject on 1 day
pre-operation and 4 days post-operation. The serum levels of
IL-6, TNF-a and S100B were measured by ELISA.

Table 4: The serum levels of IL-6, TNF-a and S1008.

As shown in Table 4, the amounts of serum IL-6, TNF-a and
S100B in the Group I/R were all higher than those in the Group
C at 4 days post-operation (P<0.05).

In  contrast to pre-operation, the serum alanine
aminotranferease (ALT) and aspartate aminotransferase (AST)
increased in both groups, and peaked at 4 days after
operation. Notably, the levels of serum AST and ALT in the
Group I/R were significantly higher than those in Group C
(P<0.05, Table 5).

Group Test time IL-6 (ng/L) TNF-a (ug/L) $1008 (ng/L)

Group C Day 1 pre-op 175.26+31.47 2.96+ 0.32 4784148
Day 4 post-op 267.81+52.63a,b 4.17+0.63a,b 607+189a,b

Group I/R Day 1 pre-op 182.26+38.15 3.09+ 0.41 4754154
Day 4 post-op 353.29+61.46a,b 11.35+¢1.27a,b 774+202a,b

Note: 2P<0.05, compared with 1 day pre-operation; PP<0.05, compared with Group C on 4 days post-operation. pre-op: pre-operation; post-op: post-operation.

Table 5: The serum levels of AST and ALT.

Item Group 1 day pre-op 3 days post-op 4 days post-op 5 days post-op 7 days post-op
AST
(U/L) Group C 76432 241+102* 307+136* 235189 102+64
Group I/R 82438 T7781219%# 867+214*# 687+136*# 13172
ALT (U/L) Group C 68+27 171+84* 262+125* 186+63* 91+35
Group I/IR 73+32 532+116™# 662+129*# 297+96# 105461

Note: *P<0.05, compared with 1 day pre-operation; #P<0.05, compared with Group C. pre-op: pre-operation; post-op: post-operation.

Table 6: Partial correlation analysis for POCD incidence and the levels of serum IL-6, TNF-a and S100p.
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Item r Value P Value
IL-6 0.812 0.021
TNF-a 0.931 0.004
S1008 0.875 0.015

Partial Correlation Analysis for the
Incidence of POCD and the Serum
Levels of IL-6, TNF-A and S1008

We next analyzed the correlation between the incidence of
POCD and the serum levels of IL-6, TNF-a and S100B in both
two group patients. The increased serum levels of IL-6, TNF-a
and S100B in Group I/R was markedly correlated with the
incidence of POCD at 4 day after operation (P<0.05, Table 6).

Discussion

The incidence of postoperative cognitive dysfunction
(POCD) is associated with anesthesia methods, age, types of
surgery and others. The difference of age and the degree of
operation invasion affect the cognitive function of the
postoperative patients. POCD is prone to occur with age and
more common in the postoperative patients with higher
degree of operation invasion [12, 13]. One of the reasons for
the high incidence of POCD in elderly patients may be due in
part to the gradually decreased functions of the central
nervous system in elderly patients with age, which likely
becomes difficult to counteract the massive stress generated
during anesthesia and surgery. During the perioperative
period, a large number of inflammatory factors (e.g.,
cytokines) will be released, and the neurophysiological and
neurotransmission functions of the elderly will get damaged,
leading to continuous postoperative cognitive impairment
[14]. Hepatic ischemia-reperfusion injury is usually able to
induce a large number of pro-inflammatory cytokines. It
evidenced that upon peripheral inflammation, multiple
inflammatory factors such as TNF-q, IL-6, IFN-¥, CD40L, LPS can
lead to the activation of vascular endothelial cells and
induction of the resting and activated T lymphocytes to adhere
to brain microvascular endothelial cells [15], consequently
causing the changes in the permeability of the brain
microtubule system and therefore affecting the blood-brain
barrier.

In this study, the two groups of patients all had increased
expressions of TNF-a and IL-6 4 days after surgery, however,
the ischemia-reperfusion group increased more pronouncedly.
Ishida et al., [16] found that the greater the trauma degree of
surgery was, the higher the incidence of disabilities related to
daily life would be, suggesting the extensive impacts of surgery
on cognitive functions and trauma degree. The serum level of
S100B protein can be regarded as a diagnostic indicator for
brain damage, which is correlated with the degree of brain
injury. It has reported that elderly patients have different
degrees of brain injury after surgery [17].

That the neuropsychological tests were performed at 4 days
post- operation was taking into consideration as follows: (1)
psychological tests would not be expected to conduct within
72 hours to avoid the effects of any anesthetics on cognitive
functions in this experiment; (2) the patients felt painful within
48 hours after surgery, which may affect their mood,
psychological state, so in order to reduce artificial errors, the
tests should be done when patients got pain relief after
subjective evaluation; (3) the degree of liver function
impairment may affect cognitive function, neuropsychological
evaluation should be performed when liver function was
damaged the most severely, the severity of liver injury can be
evaluated indirectly by serum AST and ALT levels. On the
fourth day after surgery, the serum levels of AST and ALT in
two groups reached the peak, and then decreased gradually.
Similarly, in order to reduce the practice effect errors as a
result of multiple evaluations which made the patients
became more skillful at the testing, according to Murkin’s Z
score standard [11], only one evaluation test should be carried
out in the short term after surgery, and dynamic evaluation
during hospitalization cannot be fulfilled.

In the present study, seven psychiatric tests were followed
to assess the cognitive functions of the elderly patients in
terms of memory, orientation, continuous attention,
psychomotor speed, spatial thinking transformation, and etc.
The results demonstrated that the scores of multiple tests
were correlated with the degree of liver injury, and released
cytokines.

In summary, the ischemic-reperfusion injury in elderly
patients increased the incidence of POCD, companied with the
increased serum levels of IL-6, TNF-a and S100B. These
inflammatory factors correlated significantly with the
incidence of POCD. Therefore, post-operative detection of
serum IL-6, TNF-a and S100B levels would indirectly reflect or
predict the occurrence of POCD in post-anesthesia patients,

which should be beneficial for early detection and
intervention, to prevent long-term cognitive function
impairment.
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