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Abstract. Effects of fast-track anesthesia (FTA) on miR-1
and neuropeptides in serum of patients undergoing cardiac
surgery were investigated. A total of 147 patients who
underwent cardiac surgery at Jining No. 1 people's Hospital
from August 2015 to July 2018 were selected. There were
72 patients who received the FTA technology during cardiac
surgery in the intervention group, and 75 patients who
received routine anesthesia during cardiac surgery in the
control group. Venous blood was, respectively, collected
before anesthesia (T0), 30 min after artery opening (T1),
60 min after artery opening (T2), and 180 min after artery
opening (T3). Expression of serum miR-1 in patients at TO
to T3 were detected by real-time fluorescence quantita-
tive PCR. Expression of neuropeptide indexes such as
neuron-specific enolase (NSE), S100f protein (S1008),
and amyloid B-protein (Af) in serum of patients in the two
groups at TO to T3 were detected by ELISA, and the correla-
tion of expression of serum miR-1, serum NSE, S1008 and
AP was analyzed. There was no significant difference in the
expression of serum miR-1 between the two groups at TO
(P>0.05). There was no significant difference in the expres-
sion of NSE, S100p3 and A between the two groups at TO
(P>0.05). Expression of serum NSE, S100p and Af in both
groups increased gradually, and expression of serum NSE,
S100p and AP in the intervention group were significantly
lower than those in the control group at T1-T3 (P<0.05).
There was a positive correlation between expression of serum
miR-1, serum NSE, S100f and A (r=0.773, P<0.05; r=0.683,
P<0.05; r=0.769, P<0.05). Application of the FTA technology
in cardiac surgery can effectively reduce the level of serum
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miR-1 in patients undergoing surgical treatment and improve
their neurological function.

Introduction

As a common clinical cardiovascular disease, heart disease
has a high morbidity and mortality, and studies have shown
that the mortality of patients with heart disease has increased
gradually in recent years (1,2). Cardiac surgery is one of the
main methods for the treatment of heart disease, and with
the continuous development of medical technology, cardiac
surgery technology is increasingly widely used in clinical
practice (3). However, in cardiac surgery, it is necessary to use
ligature in the blood vessels and then open them again. In this
process, myocardial cells may undergo ischemia reperfusion
and oxidative stress, which may cause certain damage to the
myocardial cells (4,5).

In all cardiac surgery procedures, anesthesia is required,
but due to different anesthesia methods and choices of
anesthetic drugs, the influence on myocardial cells is also
different, so how to choose anesthesia methods to improve
the protection of myocardial cells is one of the key issues
in current clinical studies (6). Fast-track anesthesia (FTA) is
a new anesthesia method gradually applied in recent years.
It can improve the anesthesia effect by selecting anesthesia
drugs immediately after surgery or within 6 h after surgery,
and at the same time, it can better control the depth of anes-
thesia, in order to maintain the perioperative hemodynamic
temperature and reduce the postoperative mechanical venti-
lation, so that patients can extubate as soon as possible (7). In
recent years, FTA has been widely used in cardiac surgery,
and studies have also confirmed that FTA plays an important
and positive role in the stability of patients' intraoperative
vital signs and the improvement of prognosis (8). miR-1 is an
endogenous non-coding microRNA and there are studies (9)
indicating that miR-1 has a protective effect on myocardial
cell apoptosis during ischemia reperfusion injury, and may
be involved in the process of oxidative stress and myocardial
injury, but its mechanism remains to be further explored.
Troponin has a good correlation, which can be used to
evaluate the degree of myocardial ischemia reperfusion
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Table I. General materials [n(%)].
Intervention group Control group
Items (n=72) (n=75) y* value P-value
Sex 0.003 0.956
Male 40 (55.56) 42 (56.00)
Female 32 (44 .44) 33 (44.00)
Age (years) 0.019 0.890
<41 28 (38.89) 30 (40.00)
>41 44 (61.11) 45 (60.00)
BMI (kg/m?) 0.010 0919
<22 33 (45.83) 35 (46.67)
>22 39 (54.17) 40 (53.33)
Family history 0.125 0.724
Yes 26 (36.11) 25 (33.33)
No 46 (63.89) 50 (66.67)
Smoking 0.001 0.988
Yes 22 (30.56) 23 (30.67)
No 50 (69.44) 52 (69.33)
Alcohol consuption 0.091 0.763
Yes 28 (38.89) 31 (41.33)
No 44 (61.11) 44 (58.67)
Complication of drug history 0.190 0.890
Diabetes 28 (38.89) 30 (40.00)
Hypertension 44 (61.11) 45 (60.00)
Type of surgery 0.330 0.997
Repair of atrial septal defect 22 (30.55) 21 (28.00)
Repair of ventricular septal defect 17 (23.61) 19 (25.33)
Extracorporal coronary artery 12 (16.67) 13 (17.33)
bypass grafting
Off-pump coronary artery 9 (12.50) 8 (10.67)
bypass grafting
Aortic valve replacement 5(6.94) 6 (8.00)
Ligation of ductus arteriosus 7(9.72) 8 (10.67)

injury. Neuropeptide NSE, S100p protein (S1008) and
amyloid p-protein (AP) are considered as important indica-
tors to reflect the neurological function, they can reflect the
neurological function of the body (10).

At present, most of the studies on the application of FTA
in cardiac surgery have discussed the indicators such as intra-
operative vital signs and the influence on prognosis, but there
is still no detailed study on how FTA regulates the functions
of the body and its potential molecular targets. Therefore, we
explored the influence of FTA and routine anesthesia on miR-1
and neuropeptide in serum of patients undergoing cardiac
surgery, in order to provide more theoretical explanations for
the mechanism of FTA in cardiac surgery.

Patients and methods

General materials. A total of 147 patients who were admitted
in Jining No. 1 people's Hospital (Jining, China) for cardiac

surgery from August 2015 to July 2018 were selected, including
82 males and 65 females. The patients were evaluated at the
age of 41.33+£3.25 years. There were 72 patients who received
FTA technology during cardiac surgery in the intervention
group and 75 patients who received routine anesthesia during
cardiac surgery in the control group. There was no significant
difference in sex, age or BMI between the two groups (P>0.05),
which thus were comparable (Table I). The hospital is a
governmental hospital, and all the patients were referrals. The
sample size was determined in accordance with the formula
n=C202/p2 (11). The inclusion and exclusion criteria were as
follows: The inclusion criteria: Patients diagnosed with heart
disease, and patients undergoing first cardiac surgery. The
exclusion criteria: Patients with severe hepatorenal dysfunc-
tion, surgical contraindications, malignant tumor disease, or
coagulation dysfunction were excluded, patients who did not
cooperate with the experiment were excluded, and patients
with cognitive or communication disorders were excluded.
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Table II. Primer sequences.
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Gene Upstream primers Downstream primers
miR-1 5-GAGCAGGCTGGAGAA-3' 5-GGTGGAATGTAAAGAAGTC-3'
GAPDH 5'-AACGACCCCTCATTGACCTC-3' 5'-CCTTGACTGTGCCGTTGAACT-3'

The patients, and their families, agreed to the participation in
the study and signed an informed consent form. This study was
approved by the Ethics Committee of Jining No. 1 People's
Hospital (no. INPH201403A).

Experimental materials and reagents. Experimental
materials were as follows: Scopolamine hydrobromide
injection (Shanghai Hefeng Pharmaceutical Co., Ltd., SFDA
approval no. H31021519); pethidine hydrochloride injection
(Yichang Renfu Pharmaceutical Co., Ltd., SFDA approval
no. H42022074); etomidate injection (Jiangsu Enhua
Pharmaceutical Co., Ltd., SFDA approval no. H20020511);
sufentanil citrate injection (Yichang Renfu Pharmaceutical
Co., Ltd., SFDA approval no. H20054172); midazolam
injection (Jiangsu Enhua Pharmaceutical Co., Ltd., SFDA
approval no. H20031037); propofol injection (Xi'an Libang
Pharmaceutical Co., Ltd., SFDA approval no. H20010368).
Real-time quantitative PCR was from American Bio-Rad
Company; TRIzol reagent was from American Applide
Invitrogen Company; qPCR kit and miScript RT-PCR kit
were from Dalian Takara Company; miR-1 and internal
reference GAPDH primers were synthesized and designed
by Shanghai Gemma Company. NSE ELISA kit was from
Nanjing Senbega Biotechnology Co., Ltd., art. no. Sbj-r0571.
S100f ELISA kit was from Wuhan Aimeijie Technology Co.,
Ltd., art. no. KA0037. The AP ELISA kit was from
Wuhan Merck Biotechnology Co., Ltd., art. no. 69-99391.
Cisatracurium was from Zhejiang Xianyi Pharmaceutical
Co., Ltd., SFDA approval no. H20090202. Remifentani
was from Jiangsu Enhua Pharmaceutical Co., Ltd., SFDA
approval no. H20143314.

Methods of anesthesia. The patients were routinely deprived
of food and water for 6 h before surgery. After entering the
operating room, the patients' vital signs, including heart rate,
blood pressure and blood oxygen saturation were monitored
by ECG, and then intravenous channels were established
routinely. Patients in the control group were treated by
routine anesthesia. Specifically, 0.3 mg scopolamine and
1 mg/kg pethidine were injected intramuscularly half an
hour before surgery. After entering the operating room,
anesthesia induction was conducted by intravenous injec-
tion of 0.1 mg/kg cisatracuramine, 10 ug/kg fentanyl and
20 mg/kg propofol. After successful anesthesia induction,
the trachea was intubated and connected to the anesthesia
ventilator, anesthesia was maintained by continuous intrave-
nous pumping of 8 ug/(kg-min) propofol and 5 ug/(kg-min)
fentanyl, and the anesthetic was discontinued 10 min before
the end of surgery.

Patients in the observation group were anesthetized
with FTA technology. Specifically, preoperative injection

of scopolamine and pethidine was performed as the control
group; 0.1 mg/kg cisatracurium, 0.1-0.3 mg/kg etomidate,
10 to 20 mg/kg propofol, 0.1 to 0.2 mg/kg midazolam, and
1 pug/kg sufentanil were used for anesthesia induction. The
end-tidal carbon dioxide partial pressure was maintained
between 30 and 35 mmHg. Then, 2-3% sevoflurane was
given through tracheal intubation to maintain anesthesia,
and 1 ug/(kg:min) sufentanil was added before incision and
opening the chest. During the operation, 0.2-0.5 pg/(kmin)
remifentanil and 3-6 ug/(kg-min) propofol were given for
maintenance, bispectral index was between 30 and 45, cisa-
tracurium was given continuously, bispectral index (BIS) was
used to test the depth of anesthesia during operation, narcotic
drugs were adjusted for maintaining the BIS between 40 and
50, and sevoflurane was discontinued 30 min before the end
of surgery. After the operation, the patient breathed sponta-
neously and extubated. Venous blood samples of the patients
were collected respectively before anesthesia (TO0), 30 min
after artery opening (T1), 60 min after artery opening (T2),
and 180 min after artery opening (T3) for indicator detection.
Expression of neuropeptide indexes such as neuron-specific
enolase (NSE), S100p protein (S100f), and amyloid
B-protein (AP) in serum of patients in the two groups at T3
were detected in strict accordance with the operating instruc-
tions of ELISA kit. In order to reduce the artificial difference
between groups and make the results more accurate, all the
cardiac surgeries were performed by the same team.

Real-time fluorescence quantitative PCR detection of the
miR-1. First, venous blood collected at TO-T3 time-points
was centrifuged at 1,500 x g at 4°C for 10 min, and serum
was collected for detection after centrifugation. Total RNA
was extracted by adding TRIzol reagent into the serum
reagent tube, and the purity and concentration of RNA were
determined by ultraviolet spectrophotometer. The ratio of
OD260/0D280 was 1.92, and the ratio of OD260/0D230
was 2.13. Total RNA (1 pg) was taken and cDNA was
synthesized according to the instructions of the RT-PCR
kit. Synthesized cDNA (2 ul) was taken for gPCR. Reaction
conditions were as follows: pre-denaturation at 95°C for
5 min, then at 95°C for 15 sec, at 60°C for 20 sec, at 72°C
for 20 sec, for 40 cycles. The expression level of miR-1 was
detected by using GAPDH as an internal reference, and the
experiment was repeated 3 times. The primer sequences
are shown in Table II.

Observation indexes. 1) Expression changes of miR-1
at TO to T3 were compared between the two groups.
ii) Expression of NSE, S100f3 and A at TO to T3 were
compared between the two groups. iii) Correlation analysis
of expression between serum miR-1, NSE, S100p and A
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Figure 1. Comparison of expression of serum NSE of patients between the
two groups at different time-points. ELISA analysis showed that there was no
significant difference in expression of serum NSE between the two groups at
TO (P>0.05), expression of serum NSE increased gradually during operation of
patients in both groups, and expression of serum NSE of patients in the inter-
vention group at T1 to T3 was significantly lower than those of patients in the
control group, and the difference was statistically significant (P<0.05). "P<0.05.
NSE, neuron-specific enolase; ELISA, enzyme-linked immunosorbent assay.

in the intervention group. iv) Postoperative adverse events
were recorded and compared between the two groups,
including pharyngalgia, nausea and vomiting, and laryngo-
spasms.

Statistical analysis. SPSS 18.0 (IBM Corp.) was adopted for
statistical data analysis, GraphPad Prism 6 was used to draw
the illustrations, the Chi-square test was used to compare the
counting data, data were presented as mean + standard devia-
tion, independent t-tests were used for comparison between the
two groups, repeated measurement analysis of variance was
used for comparison at different time-points, and Pearson's
correlation method was used for correlation analysis. At
P<0.05, the difference was considered statistically significant.

Results

Expression of serum miR-1 at different time-points in the two
groups. There was no significant difference in expression of
serum miR-1 between the two groups at TO (P>0.05); expres-
sion of serum miR-1 in both groups increased gradually from
TO to T3, but the expression of serum miR-1 in the interven-
tion group at T1 to T3 was significantly lower than that in the
control group, and the difference was statistically significant
(P<0.05) (Table III).

Expression of serum NSE, S1008 and Ap at different
time-points in the two groups. Expression of serum NSE at TO
to T3 were, respectively, 1.31+£0.12, 3.15+£0.29, 4.54+0.33 and
6.62+0.73 ug/1 of patients in the intervention group; expression
of serum S100p was, respectively, 141.27+26.35,279.26+32 91,
442 .15+51.63 and 532.75+84.36 ng/l; expression of serum A
was, respectively, 69.35+11.26, 137.85+17.31, 198.51+21.42
and 264.46+29.46 ng/l. Expression of serum NSE at TO to
T3 was, respectively, 1.32+0.13, 5.76+0.35, 9.02+0.47 and
11.76+1.27 ug/1 of patients in the control group; expression of
serum S100p was, respectively, 143.01+25.32, 386.41+42.36,
581.33+67.25 and 834.65+83.64 ng/l; expression of serum A
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Figure 2. Comparison of expression of serum S100p of patients between the two
groups at different time-points. ELISA analysis showed that there was no sig-
nificant difference in expression of serum S100p between the two groups at TO
(P>0.05), expression of serum S100p increased gradually during the operation
in both groups, and expression of serum S100f of patients in the intervention
group at T1 to T3 was significantly lower than those of patients in the control
group (P<0.05). "‘P<0.05. ELISA, enzyme-linked immunosorbent assay.
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Figure 3. Comparison of expression of serum A of patients between the
two groups at different time-points. ELISA analysis showed that there was
no significant difference in expression of serum Af} between the two groups
at TO (P>0.05), and expression of serum Af increased gradually of patients
during the operation in both groups, and expression of serum Af of patients
in the intervention group at T1 to T3 was significantly lower than those of
patients in the control group (P<0.05). "P<0.05. ELISA, enzyme-linked
immunosorbent assay.

was, respectively, 68.39+11.31, 211.39+18.37, 322.93+28.95
and 403.64+40.72 ng/1.

There was no significant difference in expression of NSE,
S100p8 and AP at TO between the two groups (P>0.05); expres-
sion of NSE, S1008 and Af in the serum of the two groups
increased gradually, and expression of NSE, S100f3 and Af in
the serum at T1 to T3 of the intervention group were signifi-
cantly lower than those of the control group, and the difference
was statistically significant (P<0.05) (Figs. 1-3).

Correlation analysis of expression on serum miR-1 and serum
NSE, S100f and AB. There was a positive correlation between
expression of serum miR-1 and serum NSE, S100p and AP
(r=0.773, P<0.05); r=0.683, P<0.05; r=0.769, P<0.05) (Figs. 4-6).

Comparison of adverse reactions between the two groups. The
number of patients with pharyngalgia, nausea and vomiting,
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Table III. Expression of serum miR-1 at different time-points in the two groups.

Time-point Intervention group (n=72) Control group (n=75) t value P-value
TO 0.31+0.04 0.32+0.05 1.336 0.184
T1 2.05+0.11* 2.97+0.12* 48.40 <0.001
T2 3.22+0.13* 4.71+£0.15 64.25 <0.001
T3 4.05+0.18* 6.39+0.19* 76.59 <0.001
F-value 12016 25987
P-value <0.001 <0.001
*P<0.05 and T1 were compared.
Table IV. Comparison of adverse reactions between the two groups.
Adverse reactions Intervention group (n=72) Control group (n=75) y* value P-value
Pharyngalgia 1(1.39) 4(5.33) 1.740 0.187
Nausea and vomiting 2(2.78) 5(6.67) 1.225 0.268
Laryngospasm 0 2(2.67) 1.946 0.163
Total 3(4.17) 11 (14.56) 4.700 0.030
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Figure 4. Correlation analysis of expression of serum miR-1 and serum NSE.
Pearson's correlation analysis revealed a positive correlation of expression
between serum miR-1 and serum NSE (r=0.773, P<0.05). NSE, neuron-spe-
cific enolase.
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Figure 5. Correlation analysis of expression of serum miR-1 and serum

S100p. Pearson's correlation analysis revealed a positive correlation of
expression between serum miR-1 and S100p (r=0.683, P<0.05).

Expression of miR-1

Figure 6. Correlation analysis of expression of serum miR-1 and serum Af.
Pearson's correlation analysis revealed a positive correlation of expression
between serum miR-1 and A (r=0.769, P<0.05).

and laryngospasms in the intervention group were 1, 2 and 0,
respectively. The incidence of adverse reactions was 4.17%. The
number of patients with pharyngalgia, nausea and vomiting,
and laryngospasms in the control group were 4, 5 and 2,
respectively. The incidence of adverse reactions was 14.67%.
The incidence of adverse reactions in the intervention group
was significantly lower than that in the control group, and the
difference was statistically significant (P<0.05) (Table IV).

Discussion

FTA anesthesia technology developed in recent years, achieves
a strong controllability of the depth of anesthesia and post-
operative recovery through the use of controllable anesthesia
drugs, so as to reduce the stress response of patients (12). As
a new anesthesia technique, it has been widely used in cardiac
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surgery in recent years, and has been proved to have high
safety (13). When implementing FTA technology, we used
sufentanil to replace fentanyl, because sufentanil not only has
stronger analgesic effects than fentanyl, but also can reduce
vascular resistance and relax vascular smooth muscle (14,15).
Sevoflurane is selected for intraoperative anesthesia mainte-
nance because of its high depth of anesthesia controllability,
to avoid damage of excessive anesthesia on heart and nerve
function (16).

miR-1 (also miRNA), has a close relationship with
myocardial injury (17). Some studies on animal models with
acute myocardial infarction caused by myocardial ischemia
reperfusion injury found that the expression level of miR-1 in
the serum of animal models with acute myocardial infarction
was significantly increased, and the inhibition of expression
of miR-1 could alleviate the damage caused by myocardial
infarction (18). In this study, we found that although the
expression level of miR-1 of patients in the two groups was
increased during the operation, the expression level of serum
miR-1 in the intervention group was significantly lower than
that in the control group at T1 to T3 (P<0.05), which suggested
that FTA anesthesia technology had less impact on miR-1 in
patients undergoing cardiac surgery. Previous studies (19) have
suggested that miR-1 can aggravate the damage of oxidative
free radicals and oxidative stress by inhibiting SOD and other
factors. Previous studies (20) indicated that the application
of FTA technology in heart surgery can effectively reduce
patients' inflammatory and stress responses, which indirectly
confirmed our conclusion. From this, we can also infer that
FTA may alleviate the oxidative stress reaction of the body
during the operation by controlling the upregulation of miR-1.
Our results further demonstrated that miR-1 can reflect the
level of oxidative stress and the degree of myocardial injury
in the body after aorta opening, which may be used as a sero-
logical marker to evaluate oxidative stress and myocardial
injury. However, at present, there has been no research on the
impact of FTA technology on the intraoperative miR-1 level of
patients undergoing cardiac surgery, so further verification is
needed for our conclusions. In cardiac surgery, in addition to
requiring anesthesia to protect cardiac myocytes and relieve
oxidative stress, anesthesia is also required to reduce damage
to the nervous system (21). So in order to explore the FTA
anesthesia effects of nerve function in patients with cardiac
surgery, we compared expression of serum NSE, S1008 and
AP in patients at different time-points during the operation.
The results showed that expression of serum NSE, S100f and
AP in both groups increased gradually, however, expression
of serum NSE, S100p and A in the intervention group were
significantly lower than those in the control group at T1 to T3
(P<0.05). This shows that cardiac surgery has a certain impact
on the neurological function of patients, but the application
of FTA technology can effectively alleviate and protect the
neurological function of patients undergoing cardiac surgery.
There are studies (22) that suggest that inflammation is one of
the important factors that cause neuronal damage, and have
found that the inflammatory response enhancement causes
neurons and glial cells to release a large amount of NSE and
S1008, and create the accumulation of Af, thus further leading
to nerve function injury in patients, and increase the risk of
postoperative cognitive dysfunction. It has been reported (7)
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that FTA can effectively alleviate the patient's stress response
and protect nerve function, which is similar to our results;
but the anesthetic drugs were not the same as the drugs
used in the present study, which made it impossible for us to
determine whether the results were affected by the difference
in drugs. Therefore, we speculate that FTA technology may
protect patients' neurological functions by improving their
intraoperative inflammatory responses. Some studies (23)
have explored the application value of FTA in heart surgery,
suggesting that FTA technology can effectively alleviate
patients' inflammatory reaction, reduce the expression of
NSE, S100p and AP during the surgery, and improve patients'
neurological function. This is also a good confirmation of
our conclusions. We analyzed the correlation of expression
between serum miR-1 and serum NSE, S100f and AP in
patients undergoing heart surgery. The results showed that
there was a positive correlation of expression between serum
miR-1 and serum NSE, S1008 and AP, which suggested that
serum miR-1 was associated with serum NSE, S100p3 and AP
in patients undergoing cardiac surgery. The adverse reactions
of the two groups of patients were compared, and the results
showed that the complications of the intervention group were
significantly lower than those of the control group, which
suggested the safety of FTA for patients receiving cardiac
surgery. However, at present, there is no relevant research
on this aspect, so the specific mechanism of its connection
remains to be further explored.

In conclusion, the application of the FTA technology
in cardiac surgery can effectively reduce the level of serum
miR-1 in patients undergoing surgical treatment and improve
their neurological function.
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