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hemodynamics and postoperative cognitive function in
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Abstract. The effects of different doses of cisatracurium besi-
late on perioperative hemodynamics and early postoperative
cognitive function in patients undergoing radical resection
of lung cancer were investigated. One hundred and thirty-six
patients who underwent radical resection of lung cancer from
June 2013 to June 2016 in Dongying People's Hospital were
retrospectively analyzed. Patients who were not given atra-
curium were selected as the control group (n=35). According
to the different anesthetic doses, patients in the experimental
group were separated into low dose (0.15 mg/kg cisatracurium
besilate) group (LD group, n=34), medium dose (0.2 mg/kg
cisatracurium besilate) group (MD group, n=36) and high dose
(0.3 mg/kg cisatracurium besilate) group (HD group, n=31).
The mean arterial pressure and heart rate (HR) were recorded
before induction of anesthesia (TO0), at the time of entering
pleural cavity (T1), at the end of surgery (T2), and 1 day after
surgery (T3). The Mini-Mental State Examination (MMSE)
was used to evaluate the postoperative cognitive function
scores of the 4 groups 1 day before operation and on the 1st,
3rd and 7th day after surgery. The agitation of patients at 6 and
12 h after operation was evaluated by Ramsay sedation score.
There was no significant difference in arterial pressure among
the four groups at T2 and T3 (P>0.05). There was no signifi-
cant difference in terms of MMSE among the four groups
1 day before operation, 3 days after operation and 7 days
after operation, but the MMSE score of the control group was
significantly lower than that of the LD, MD and HD groups
1 day after surgery (P<0.05). Therefore, cisatracurium besilate
can stabilize hemodynamics during radical operation of lung
cancer and reduce the incidence of postoperative cognitive
dysfunction, and it has no close association with the dose.
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Introduction

Lung cancer is a malignant tumor originating from the bron-
chial mucosa, and its morbidity and mortality are the highest
in cancer worldwide (1). In recent years, with the environ-
mental pollution and lifestyle changes, the incidence of lung
cancer is also rising (2). At present, for the treatment of lung
cancer, operation is still the preferred method. Operation
can remove the primary lesion and metastatic lesions, laying
the foundation for subsequent treatments (3). After surgical
resection, it can reduce the risk of metastasis, proliferation
and invasion of cancer cells (4). However, surgical treatment
causes great damage to the patients' body. Due to anesthesia
and analgesia, many patients have severe agitation and cogni-
tive impairment during anesthesia recovery, which results
in impairment of the patient's cognition, consciousness and
memory (5). A study (6) has shown that postoperative cogni-
tive dysfunction is closely related to anesthesia and analgesia
during surgery. Due to the development of minimally inva-
sive techniques, laparoscopic radical surgery for lung cancer
reduces the trauma and risk of lung cancer surgery, and can
also promote the rapid recovery of patients. Currently, it is
widely used in clinical practice (7,8). At present, general anes-
thesia combined with epidural block is still the main choice
for anesthesia in lung cancer radical surgery. Although it has
improved postoperative agitation and cognitive dysfunction,
the exploration of different anesthetic drugs is still the focus
clinically (9).

Cisatracurium besilate is the most commonly used
non-depolarizing muscle relaxant in general anesthesia
combined with epidural anesthesia, and compared with other
non-depolarizing drugs, it has the advantages of less cardio-
vascular effect and no accumulation in vivo following massive
use (10,11). A study (12) has shown that with the increase in
dose of cisatracurium besilate, the onset time will be short-
ened, but there is no significant difference in other aspects
such as heart rate (HR) and airway resistance.

In order to verify the above conclusions and to improve
the postoperative cognitive impairment in patients undergoing
radical resection of lung cancer, the effects of different doses
of cisatracurium besilate on perioperative hemodynamics and
the postoperative cognitive function recovery in adult radical
resection of lung cancer were compared to provide a better
plan for clinical general anesthesia.
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Table I. General information [n, (%)].
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LD group MD group HD group Control group
Indexes (n=34) (n=36) (n=31) (n=35) y* value P-value
Sex 0.025 0.999
Male 18 (52.94) 19 (52.78) 16 (51.61) 18 (51.43)
Female 16 (47.06) 17 (47.22) 15 (48.39) 17 (48.57)
Age (years) 0.122 0.989
<45 14 (41.18) 15 (41.67) 12 (38.71) 15 (42.86)
>45 20 (58.82) 21 (58.33) 19 (61.29) 20 (57.14)
BMI (kg/m?) 0.022 0.999
<22 15 (44.12) 16 (44.44) 14 (45.16) 16 (45.71)
>22 19 (55.88) 20 (55.56) 17 (54.84) 19 (54.29)
Pathological stage 0.212 0.976
I-11 19 (55.88) 21 (58.33) 19 (61.29) 20 (57.14)
III 15 (44.12) 15 (41.67) 12 (38.71) 15 (42.86)
Educational level 0.122 0.989
Junior high school and above 21 (61.76) 23 (63.89) 20 (64.52) 23 (65.71)
Below junior high school 13 (38.24) 13 (36.11) 11 (35.48) 12 (34.29)
Pathological type 0.243 0.999
Squamous cell carcinoma 12 (35.29) 13 (36.11) 10 (32.26) 12 (34.29)
Undifferentiated carcinoma 11 (32.35) 11 (30.56) 11 (35.48) 12 (34.29)
Adenocarcinoma 11 (32.35) 12 (33.33) 10 (32.26) 11 (31.43)

¥’ test was used in this table.

Patients and methods

General information. One hundred and thirty-six patients who
underwent radical resection of lung cancer from June 2013
to June 2016 in Dongying People's Hospital (Dongying,
China) were retrospectively analyzed. The mean age was
45.5+5.2 years. All patients underwent general anesthesia
combined with epidural anesthesia. One hundred and one
patients given cisatracurium besilate were selected as the
experimental group. According to different doses, 34 patients
were in the low dose group (LD group), 36 patients were in
the medium dose group (MD group) and 31 patients were in
the high dose group (HD group) and 35 patients who were not
given atracurium were selected as the control group. There
were no significant differences in sex, age and pathological
classification among the four groups (P>0.05), as shown
in Table I.

Inclusion and exclusion criteria. Inclusion criteria: Patients
diagnosed with lung cancer by pathological diagnosis.
Exclusion criteria: Patients who had undergone chemotherapy
and radiotherapy before surgery; patients with coagulopathy;
patients with sever liver and kidney dysfunction; patients
who did not cooperate with the examination or had cognitive
dysfunction; and patients with communication impairment.

This study was approved by the Ethics Committee of
Dongying People's Hospital. All the patients or their guard-
ians agreed to participate in the experiment and signed the
informed consent.

Experimental drugs. Midazolam was purchased from Jiangsu
Enhua Pharmaceutical Co., Ltd. (SFDA approval no. H10980026);
Sufentani was purchased from Yichang Humanwell
Pharmaceutical Co., Ltd. (SFDA approval no. H20054256);
cisatracurium besilate was purchased from Dongying (Jiangsu)
Pharmaceutical Co., Ltd. (SFDA approval no. H20060927).

Experimental methods. All the patients were routinely fasted
and water-deprived for 8 h before surgery. For the operation, the
patient was in lateral position. The peripheral vein was opened
and the electrocardiograph was performed. The patient's blood
pressure, heart rate, pulse rate and blood oxygen saturation
were detected. Anesthesia was performed with midazolam
0.02 mg/kg + sufentanil 0.6 yg/kg, and then cisatracurium
besilate was administered for muscle relaxation, 0.15 mg/kg
in the LD group, 0.2 mg/kg in the MD group, 0.3 mg/kg in
the HD group. Patients in the control group did not recieve
atracurium, and all patients received 0.2 ug/kg midazolam for
intraoperative maintenance of anesthesia. The dose of cisatra-
curium besilate was reported previously (13), as well as doses
of other drugs (14).

Tracheal intubation and one-lung ventilation were
performed. The 4th or 5th intercostal space of the axillary front
was taken from the affected side for a 3-cm incision. The rib was
propped open with a protective sheath and the thoracoscopic
probe was placed. Then the pulmonary lobes and associated
arteries, veins and bronchus where the tumor was located were
removed. The resected specimens were removed from the body
into the specimen bag. The mediastinal lymph nodes of the
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Table II. Changes in arterial pressure at different time-points in the four groups of patients (mmHg).

Time LD group (n=34)  MD group (n=36) HD group (n=31) Control group (n=35) F value P-value
TO 954+5.1 95.1+5.6 957452 96.4+6.5° 0.343 0.794
T1 93.1+5.2° 93.3+5.2 92.9+5 4 104.4+5.2 36.21 <0.001
T2 94.5+5.2 94.8+5.5 9411522 96.9+4.7° 2.002 0.117
T3 947453 96.4+4.9 95.4+5.1 97.6+5.0° 2.117 0.101
F value 1.168 2071 1.879 16.77 - -
P-value 0.325 0.107 0.137 <0.001 - -

"P<0.05, compared with the control group within the same group. °P<0.05, compared with T1 within the same group. Repeated measures
ANOVA was used for comparison at different time-points, and one-way ANOVA was used for comparison between the groups. The Bonferroni

test was the post hoc test.

patient were dissected, and the lymph nodes in the 4,7,9, 10 and
11 regions on the right side, and in the 5, 7,9, 10 and 11 regions
on the left side were dissected. The drainage tube was placed
to perform negative pressure drainage. After the operation, the
patients were sent back to the ward after resuming spontaneous
breathing and physical signs being stable.

Observation indicators. The mean arterial pressure and HR
of patients before anesthesia induction (TO), when entering the
pleural cavity (T1),after surgery (T2),and 1 day after surgery (T3)
were recorded. The postoperative cognitive function scores of
the 4 groups were scored by the Mini-Mental State Examination
(MMSE) (15) on the 1st day before surgery and on the 1st, 3rd,
and 7th postoperative day. The sedation scores of patients at 6 and
12 h after surgery were evaluated by Ramsay sedation score (16).
MMSE content includes orientation, language, memory, atten-
tion, calculation, reading, spatial structure, a total of 30 points,
the boundary between normal and abnormal is related to the level
of education: illiteracy <17 points; primary school <20 points;
middle school or above <24 points was considered to have cogni-
tive disorders, and a cognitive impairment was considered when
the score was 2 points lower than the preoperative baseline value.
Ramsay calming scoring criteria: 1: anxious; 2: quiet coopera-
tion; 3: lethargy, but responsive to commands; 4: asleep, but can
be awakened; 5: slow respiratory response; 6: deep sleep.

Statistical analysis. Statistical analysis was performed using
SPSS 17.0 (Asia Analytics Formerly SPSS China) statistical
software. Measurement data were expressed as mean + stan-
dard deviation. Multiple time-points were compared using
repeated measures analysis of variance. Comparison of two
time-points was performed by paired t-test. One-way analysis
of variance was used for comparison among multiple groups
and comparison between 6 h after and 12 h after surgery, and
the Bonferroni test was the post hoc test. The enumeration
data expressed as n (%) were analyzed by Chi-square test, and
Pearson analysis was used for correlation analysis. P<0.05 was
considered to indicate a statistically significant difference.

Results

Changes in the indicators of patients in the four groups
at different time-points. At TO, there was no significant

difference in mean arterial pressure and HR among the four
groups (P>0.05). At T1, the mean arterial pressures of LD,
MD and HD groups were significantly lower than that of the
control group (P<0.05). There was no significant difference
in mean arterial pressure among the four groups at T2 and
T3 (P>0.05). There was no significant difference in the
mean arterial pressure among the LD, MD and HD groups
at TO-T3 (P>0.05). The mean arterial pressure at T1 of the
control group was higher than that at TO, T2 and T3 (P<0.05),
and there was no significant difference in the mean arterial
pressure in the control group at T2 and T3 (P>0.05). At T1
and T2, the HR of the control group was significantly higher
than that of the LD, MD and HD groups (P<0.05). There was
no significant difference in HR among the four groups at TO
and T3 (P>0.05). There was no significant difference in HR
between the LD, MD and HD groups, or between different
time-points within the group (P>0.05) (Tables II and III).

Changes in MMSE scores of patients in the four groups before
and after surgery. There were no significant differences in
MMSE scores among the four groups 1 day before surgery,
3 days and 7 days after surgery (P>0.05). The MMSE of the
four groups decreased at 1 day after surgery (P<0.05). The
MMSE scores of the control group were significantly lower
than those of the LD, MD and HD groups at 1 day after surgery
(P<0.05). There was no significant difference in MMSE scores
among the LD, MD and HD groups at 1 day after operation
(P>0.05) (Table IV).

Comparison of sedation scores of patients in the four groups
at 6 and 12 h after operation. There were no significant
differences in sedation scores among the four groups at
6 and 12 h after surgery (P>0.05), but the sedation scores at
6 h after surgery were higher than those at 12 h after surgery
(P<0.05) (Table V).

Discussion

Lung cancer threatens people's life, and the treatment is
usually surgical resection (17). At present, the commonly used
anesthesia method in the radical resection of lung cancer is
general anesthesia combined with epidural anesthesia. The use
of epidural anesthesia has an inhibitory effect on stress response,
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Table III. HR changes in the four groups of patients at different time-points.

Time LD group (n=34)  MD group (n=36) HD group (n=31)  Control group (n=35) F value P-value
TO 110.4+4.3 111.1+4.2 110.1£3.9 111.8+3.6 1.202 0.312
T1 112.7£3.9* 110.1+4.1* 111.4+4.1* 124.7£5.1 84.02 <0.001
T2 111.2+4.1* 109.9+3 .9 110.2+4.3* 115.6+6.1 11.00 <0.001
T3 110.5+4 4 110.2+4.3 109.9+3.9 111.3+4.7 0.649 0.585
F value 2.193 0.597 0.868 -54.84 - -

P-value 0.092 0.618 0.460 <0.001 - -

*P<0.05, compared with the control group at the same time-points. Repeated measures ANOVA was used for comparison at different time-points,

and one-way ANOVA was used for comparison between the groups. The Bonferroni test was the post hoc test.

Table I'V. Changes in MMSE scores before and after surgery in the four groups of patients.

LD group MD group HD group Control group
Time (n=34) (n=36) (n=31) (n=35) F value P-value
1 day before surgery 28.3+1.2 29.1+0.8 28.5+1.1 28.8+0.9 2.087 0.105
1 day after surgery 26.3+0.9%° 26.7+0.5*° 26.5+0.7° 20.3x£0.4° 793.6 <0.001
3 days after surgery 28.1+0.7 27.9+0.6 27.8+0.9 27.8+0.6 1.361 0.258
7 days after surgery 28.1+0.6 28.1+0.7 27.9+0.7 27.8+0.5 1.971 0.122
F value 49.57 81.31 3097 1280 - -
P-value <0.001 <0.001 <0.001 <0.001 - -

1P<0.05, compared with 1 day before surgery within the same group. °P<0.05, compared with the control group at 1 day after surgery. One-way
analysis of variance was used in this table, and the Bonferroni test was the post hoc test.

Table V. Comparison of sedation scores among the four groups of patients at 6 and 12 h after operation.

LD group MD group HD group Control group
Time (n=34) (n=36) (n=31) (n=35) F value P-value
6 h after surgery 3404 3.5+0.5 3.5+0.3 3.6+0.7 0.909 0.439
12 h after surgery 3.1+0.4 3.1£0.6 32+0.2 3.240.6 1.349 0.262
t value 3.092 3073 4.633 2.500 - -
P-value 0.003 0.003 <0.001 0015 - -

Univariate analysis of variance was used to compare scores among multiple groups and the scores between 6 h and 12 h after surgery, and the

Bonferroni test was the post hoc test.

thereby maintaining hemodynamic stability, and epidural
anesthesia can alsoreduce the use of anesthetic drugs and shorten
patient's recovery time by inhibiting pain conduction (18,19).
Cisatracurium besilate is a non-depolarizing muscle relaxant
drug, and N-methyltetrahydropapaverine is a metabolite of the
drug. In the comparison with other muscle relaxants such as
atracurium, it was found that N-methyltetrahydropapaverine
produced by the metabolism of atracurium is 10 times that
of cisatracurium besilate, so symptoms of the central nervous
system caused by N-methyltetrahydropapaverine accumulation
can be avoided by using cisatracurium besilate; cisatracurium
besilate has the advantages of rapid onset, high efficacy and
rapid recovery, and its clinical application value has been

recognized (20,21). However, there are still some controversies
in the effect onset time and the effect on postoperative recovery
of different doses of cisatracurium besilate (22). Therefore, this
study explored the effect of different doses of cisatracurium
besilate on hemodynamics and postoperative cognitive
function recovery in patients undergoing radical resection of
lung cancer, in order to provide a better solution for the clinical
use of cisatracurium besilate.

To investigate whether the use of cisatracurium besilate
makes a difference in blood pressure and HR, this study
compared the mean arterial pressure and HR of patients with
different doses of cisatracurium besilate during surgery. The
results showed that there was no significant difference in
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mean arterial pressure and HR at TO among the four groups
(P>0.05). At T1, the mean arterial pressures of LD, MD and
HD groups were significantly lower than that of the control
group (P<0.05). There was no significant difference in the
mean arterial pressure among the four groups at T2 and T3
(P>0.05). There was no significant difference in mean arterial
pressure among the LD, MD and HD group at TO-T3 (P>0.05).
However, the mean arterial pressure at T1 of the control group
was higher than that at TO, T2 and T3 (P<0.05), and there was
no significant difference in mean arterial pressure in the control
group at T2 and T3 (P>0.05). In addition, at T1 and T2, the HR
of the control group was significantly higher than that of the
LD, MD and HD groups (P<0.05). There was no significant
difference in HR among the four groups at T3 (P>0.05). There
was no significant difference in HR between the LD, MD and
HD groups, or between different time-points within the group
(P>0.05), which indicated that the mean arterial pressure in
patients administered with cisatracurium besilate was more
stable than patients without atracurium, but the different dose
of cisatracurium besilate had no significant effect on the mean
arterial pressure during surgery. A previous study (23) on the
efficacy of atracurium in neurosurgical anesthesia showed that
patients with atracurium have a more stable mean arterial pres-
sure, which is consistent with our conclusions. Also the effects
of three doses of 0.15,0.2, 0.3 mg/kg of cisatracurium besilate
on intraoperative hemodynamics were previously studied (24),
and the hemodynamics of different doses of cisatracurium
besilate were all stable, which was consistent with our results.

According to the level of patients' education, MMSE score
and Ramsay sedation score were used to evaluate the postop-
erative cognitive function recovery and agitation. The results
showed that there was no significant difference in MMSE
among the four groups 1 day before operation, 3 days after
operation and 7 days after operation (P>0.05). The MMSE of
the four groups decreased at 1 day after operation (P<0.05),
and the MMSE score of the control group was significantly
lower than that of the LD, MD and HD groups (P<0.05),
indicating that the use of cisatracurium besilate can alleviate
cognitive impairment at 1 day after surgery, but there was
no significant difference in the recovery of postoperative
cognitive function between different doses of cisatracurium
besilate; the evaluation of patient agitation found that there
were no significant differences in sedation scores among the
four groups at 6 and 12 h after surgery (P>0.05), but the seda-
tion scores at 6 h after surgery were higher than the sedation
scores at 12 h after surgery (P<0.05), indicating that the use
of cisatracurium besilate had no significant effect on patient's
agitation. A study (25) has shown that the administration of
cisatracurium besilate in special patients such as elderly, pedi-
atrics and cardiovascular patients only causes slight changes in
the onset time of muscle relaxation, and there was no signifi-
cant effect on other aspects. In the research of Yu et al (26),
the elimination rate of cisatracurium besilate was non-organ
dependent and not significantly related to the dose, and the
difference in pharmacokinetics in different patients was small,
which also confirms our conclusions.

In summary, cisatracurium besilate can stabilize hemo-
dynamics during radical resection of lung cancer, and can
maintain stable HR and mean arterial pressure, and reduce the
incidence of postoperative cognitive dysfunction. The effect
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is not significantly related with the dose, and cisatracurium
besilate can be the first choice of muscle relaxant clinically.
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