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The Effects of Propofol and Sevoflurane on Postoperative
Delirium in Patients with Malignant Tumours
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In order to study the effects of propofol and sevoflurane on postoperative delirium in patients with malignant
tumours, elderly patients who suffered from malignant tumours were selected as the research subjects and
were divided into the propofol group and the sevoflurane group, who were induced anaesthesia with propofol
and sevoflurane, respectively before surgery to observe the bispectral index, mean arterial pressure and heart
rate of each patient before anaesthesia, during the surgery, and in the recovery period. In addition, the minimental state examination was utilized to evaluate the mental status of patients, the confusion assessment
model for intensive care unit was utilized to evaluate the conditions of postoperative delirium of patients, the
Prince-Henry pain scale was utilized to evaluate the degree of postoperative pain of patients, and the enzymelinked immunosorbent assay was utilized to detect the protein concentrations of NSE, S100β, and IL-2 of
patients. The results showed that the bispectral index, mean arterial pressure and heart rate of patients
decreased significantly during the surgery compared to those values before anaesthesia, in both groups of
patients (p<0.05); however, the inter-group differences in the bispectral index, mean arterial pressure and
heart rate between the propofol group and the sevoflurane group were not statistically significant. In terms of
the mini-mental state examination results of patients in the propofol group and the sevoflurane group, those
obtained on the postoperative d 3 and postoperative d 5 were lower than those obtained on the preoperative
1 d, and the differences were statistically significant (p<0.05); however, the inter-group differences of the
mini-mental state examination results between the propofol group and the sevoflurane group were not
statistically significant. In terms of the incidence rates of postoperative delirium in patients in the propofol
group and the sevoflurane group, those on the postoperative d 3 were relatively higher, and the differences
were statistically significant (p<0.05); however, the inter-group differences of the postoperative delirium
incidence rates between the propofol group and the sevoflurane group were not statistically significant. In
terms of the Prince-Henry pain scale results of patients in the propofol group and the sevoflurane group,
respectively on postoperative d 1, 2, and 3, the intra-group differences were also not statistically significant,
and the inter-group differences were not statistically significant. In terms of the ELISA results of the NSE,
S100β, and IL-2 protein concentrations of patients in the propofol group and the sevoflurane group, the NSE
and S100β protein concentrations were significantly increased on the postoperative d 1, 2 and 3 compared
with those at preoperative 10 min (p<0.05); the IL-2 protein concentrations were not different between
the preoperative 10 min and the postoperative d 1, 2 and 3 and the inter-group differences were also not
significant. Anaesthesia inductions with propofol or sevoflurane had influence on postoperative delirium of
patients undergoing surgical treatment for malignant tumours.
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Postoperative delirium (POD) refers to the condition
of delirium after operations and surgeries, which is a
common complication of anaesthesia[1]. POD often
occurs within 5 d after surgeries. The risk factors of
POD include predisposing factors such as advanced
age, visual disorder, hearing impairment, mental
disorder, hepatic dysfunction, renal dysfunction,
dehydration, Parkinson’s disease and alcohol abuse,
as well as precipitating factors such as malnutrition,
hypoxia, retained muscular relaxants, acute urinary

retention, indwelling urethral catheter, transfusion
reactions, or severe drug reactions[2,3]. A study found
that the incidence rate of POD was about 10 to 50 %
in elderly patients over 65 y[4]. POD is characterized by
acute onset and fluctuating disease progression and is
divided into 3 subtypes, the high activity type, the low
activity type, and the mixed type[5]. Of all the subtypes,
the high activity type is also called the agitation type,
and its clinical manifestations are obviously agitated
behaviours, multilingualism, delusion, and aggressive
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behaviours; the low activity type is also called the
quiet type, and its clinical manifestations are silence,
slow responses, drowsiness, listlessness, and cognitive
separation; the mixed type has the manifestations of the
former 2 subtypes alternatively. POD is an exclusionary
diagnosis that has no sequela[6-8]. However, POD
can lead to increased heart rate (HR), elevated blood
pressure, wound bleeding, and prolonged postoperative
recovery period. It also increases the incidence rates
of postoperative pulmonary infection, bedsores, and
venous thrombosis, which brings heavy burdens to
both hospitals and families[9,10].
Malignant tumours are common in elderly patients and
are also the major cause of death[11]. At present, the
main treatment methods are surgery, radiation therapy,
and chemical cytotoxic therapy, of which surgical
treatment is the oldest and most effective treatment[12].
Surgical treatment is not limited by biological
characteristics, and there is no potential carcinogenic
risk, which can effectively cure most undistributed
tumours[13]. However, during the surgeries, the operative
process is relatively complicated, the time required is
long, the scope is wide, and the stress responses of
patients are huge. Therefore, general anaesthesia is
usually required in surgical treatments of tumours[14].
Propofol and sevoflurane are the most commonly
used intravenous and inhaled anaesthetics, which can
be used for the induction and maintenance of general
anaesthesia[15]. Propofol is usually used together with
epidural or spinal anaesthesia. It is also often used with
muscle relaxants, analgesics, or inhaled anaesthetics.
The adverse reactions are mild excitability and local
pain[16,17]. Sevoflurane is usually mixed with oxygen
or oxygen and nitrous oxide. The adverse reactions
are malignant hyperthermia, rhabdomyolysis, shock,
and allergy-like symptoms[18]. In summary, studies on
the effects of propofol and sevoflurane on malignant
tumour surgeries are relatively rare. Therefore, taking
elderly patients with malignant tumors as research
subjects, the effects of propofol and sevoflurane
on POD in patients with malignant tumours were
explored, providing a reference for clinical anaesthesia
medication.
A total of 120 elderly patients with malignant tumours
who were 65-85 y old treated in a hospital (from
January to July 2018) were selected as the research
subjects, with an average age of 75.32 y. All patients
were randomly divided into the propofol group
(60 patients) and the sevoflurane group (60 patients).
In the propofol group, there were 26 males and
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24 females, aged 66-85 y, with an average age of
74.76 y. In the sevoflurane group, there were 24 males
and 26 females, aged 65-87 y, with an average age of
75.88 y. All general information of patients in both
groups, such as age, gender, and admission time, was
not significantly different; thus, the experiment was
of comparability. The experimental protocol received
approval of the ethics committee of the hospital.
Inclusion criteria were, all patients included in the
experiment should be older than 65 y; patients who
received surgical treatments of tumours with general
anaesthesia, and the surgeries lasted for more than 2 h;
patients who could communicate well with the medical
personnel, and were of good clinical compliance;
patients who had complete clinical data; patients who
signed the informed consent forms. Exclusion criteria
were patients who suffered from severe hepatic or renal
dysfunctions; patients who suffered from cognitive
function impairment or mental diseases; patients who
suffered from severe tumours; patients who received
craniocerebral operations; patients whose preoperative
ASA≥grade IV.
All patients should not take preanesthetic drugs and fast
for 12 h before surgery; in addition, water was banned
for 6 h before surgery. Before anaesthesia induction,
patients inhaled oxygen for 5 min with an oxygen flow
rate of 5 l/min. Then, patients were given sufentanil
(0.3-0.6 μg/kg, Yichang Renfu Pharmaceutical Co.,
Ltd., Chin), cis-atracurium (0.1~0.2 mg/kg, Shanghai
Hengrui Pharmaceutical Co., Ltd., China), and propofol
(0.5~1.0 mg/kg, Sichuan Guorui Pharmaceutical Co.,
Ltd., China) through intravenous injections. Patients
in the propofol group continued to receive propofol
injections intravenously and were added with sufentanil
and cis-atracurium regularly to maintain anaesthesia.
Patients in the sevoflurane group continued to inhale
sevoflurane and were added with sufentanil and cisatracurium regularly to maintain anaesthesia. The
concentrations and rates of anaesthetics of patients in
both groups were regulated to maintain the bispectral
index (BIS) being in the range of 40-60; in addition,
blood transfusion was given to patients to maintain the
haemoglobin being in the range of 7-10 g/dl. The mean
arterial pressure (MAP) of each patient was monitored
and was maintained at ±20 % of the baseline value;
meanwhile, the HR of each patient was maintained
fluctuating in the range of 60-100 beats/min. The values
of BIS, MAP, and HR of patients before anaesthesia,
during the surgeries and in the recovery period were
recorded. The anaesthesia was terminated after the
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suture was completed. Within the 2 d after the surgeries,
patients received the patient-controlled intravenous
analgesia (PCIA) and intravenous injections of
sufentanil (1.3 μg/kg, sufentanil was diluted to
100 ml with saline), with a single dosage of 2 ml and
the injection rate of 2 ml/h.
The mini-mental state examination (MMSE) is a
dementia screening scale that comprehensively,
accurately, and rapidly reflects the mental state of
the subject and the degree of cognitive impairment.
MMSE evaluates the time-orientation ability,
location-orientation ability, immediate memory,
attention and computational ability, delayed memory,
language skills, and visual space. MMSE has a total
of 30 questions, with 1 point for each question. The
standards of normal boundary values are as follows:
illiterate >17 points, primary school >20 points, junior
high school and above >24 points. On preoperative d 1
and postoperative d 3 and 5, the MMSE was utilized to
evaluate the mental states of patients.
The confusion assessment model for intensive care
unit (CAM-ICU) is a scale that evaluates the state
of consciousness of ICU patients, which can be
used to observe POD in patients. First, the level of
consciousness was assessed. The evaluation criteria are
as follows: 4 points for aggressive behaviours; 3 points
for extreme agitation; 2 points for agitation; 1 point for
irritability; 0 points for clear-headed and quiet; -1 point
for drowsiness; -2 points for mild sedation; -3 points for
moderate sedation; -4 points for deep sedation; -5 points
for impossibility of being wakened. If a patient got
<-3 points, the evaluation was stopped and was continues
once the patient regained consciousness. If a patient
got ≤-3 points, the evaluation of the consciousness of
patients was carried out by the criteria of acute changes
or fluctuations in consciousness, attention disorders,
changes in consciousness levels, and confusion of
thinking. If the patient had acute changes or fluctuations
in consciousness, attention disorder, and altered levels
of consciousness, the CAM-ICU would be positive.
Other manifestations were considered CAM-ICU
negative. A positive CAM-ICU overall evaluation of
the patient indicated the presence of delirium, and a
negative CAM-ICU overall evaluation of the patient
indicated the absence of delirium. Respectively on
preoperative 1 d and postoperative 3 and 5 d, the
CAM-ICU was utilized to evaluate the POD conditions
of patients.
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The Prince-Henry pain scale (PHPS) was used to
evaluate the degree of postoperative pain of patients.
The PHPS is divided into 5 levels and the grading
criteria are as follows: no pain occurs when coughing,
0 points; pain occurs when coughing, 1 point; pain
occurs when breathing deeply, no pain occurs in a
quiet state, 2 points; pain occurs at rest, the degree
of pain is light and is tolerable, 3 points; severe pain
occurs at rest and is unbearable, 4 points. The degree
of postoperative pain was evaluated respectively on
postoperative d 1, 2 and 3.
At preoperative 10 min, postoperative d 1, 2 and
3, 5 ml of venous blood samples were drawn from
the upper limbs of patients, centrifuged for 5 min
(5000 rpm) in a centrifuge and the upper plasma was
stored in a -80° refrigerator. The protein concentrations
of NSE, S100β, and IL-2 were detected by ELISA using
an ELISA kit (Beijing Jiehui Bogao Biotechnology
Co., Ltd., China).
In this study, the SPSS 22.0 statistics software was
used for statistical analysis of the data; all quantitative
data were submitted to normal distribution test and
homogeneity test of variance and were expressed as the
mean±standard deviation (SD). The one-way ANOVA
was used for comparison between groups; if the normal
distribution and variance were consistent, the LSD
method was used; otherwise, the SNK-q test was used.
Pearson correlation analysis was used to analyse the
correlations between two parameters, p<0.05 indicated
the statistical significance of the difference.
The comparative results of BIS value, MAP and HR
between the propofol group and the sevoflurane group
were shown in Table 1. As shown in Table 1, the BIS
value, MAP, and HR of patients in the propofol and
the sevoflurane group significantly decreased during
the surgeries compared to those before anesthesia
(p<0.05). However, the inter-group differences of BIS
value, MAP, and HR between the propofol and the
sevoflurane group were not significantly different.
The MMSE results of the mental states of the patients
were shown fig. 1A. As shown in fig. 1A, in the propofol
group, the MMSE results were 28.9±0.5, 25.5±0.3 and
25.3±0.5 points on preoperative d 1, postoperative
3 and 5, respectively, indicating that the MMSE results
of patients in the propofol group on postoperative d 3
and 5 were significantly lower than those obtained on
preoperative d 1 (p<0.05). In the sevoflurane group,
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the MMSE results were 28.7±0.6, 25.6±0.4 and 26.2±
0.5 points on preoperative d 1, postoperative d 3 and
5, indicating that the MMSE values of patients in the
sevoflurane group on postoperative d 3 and 5 were
significantly lower than those obtained on preoperative
d 1 (p<0.05). However, the inter-group differences
of the MMSE values between the propofol and the
sevoflurane group were not significantly different
(p>0.05).
The CAM-ICU results of the POD conditions of the
patients were shown in fig. 1B. No patients in the
propofol and the sevoflurane groups developed POD.
In the propofol group, 3 patients developed POD on
postoperative d 3 and the incidence rate of POD was
5.0 %. In the sevoflurane group, 4 patients developed

POD on postoperative 3 d, and the incidence rate
of POD was 6.7 %. In the propofol group, 1 patient
developed POD on postoperative d 5 and the incidence
rate of POD was 1.7 %. In the sevoflurane group,
1 patient developed POD on postoperative d 5 and the
incidence rate of POD was 1.7 %. It could be concluded
that compared to postoperative d 5, the incidence rates
of POD on postoperative d 3 were significantly higher
(p<0.05). However, the inter-group differences of the
POD incidence rates between the propofol group and
the sevoflurane group were not significant.
The PHPS results of postoperative pain of patients were
shown fig. 1C. As shown in fig. 1C, on postoperative
d 1, 2, and 3, the PHPS results of patients in the
propofol group were 1.83±0.11, 1.96±0.14 and 2.03±

TABLE 1: BIS VALUE, MAP, AND HR IN THE PROPOFOL GROUP AND THE SEVOFLURANE GROUP
Groups
The propofol group

The sevoflurane group

Indicators
BIS value
MAP (mmHg)
HR (times/min)
BIS value
MAP (mmHg)
HR (times/min)

Before anesthesia
101±1
82±4
80±5
100±1
83±4
79±5

During the surgeries
52±3
69±6
65±7
51±3
70±6
64±7

Recovery period
100±2
80±5
81±6
99±2
82±5
80±6

B

A

C

Fig. 1: MMSE, CAM-ICU and PHPS evaluations
A. the MMSE results of mental status; B. the CAM-ICU results of postoperative delirium (POD); C. the PHPS results of
postoperative pain. (■) Propofol group, (■) sevoflurane group
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0.19 points, respectively and the differences were not
statistically significant. On postoperative d 1, 2 and 3,
the PHPS results of patients in the sevoflurane group
were, 1.95±0.14, 2.01±0.17 and 2.06±0.24 points,
respectively and the differences were not statistically
significant; in addition the inter-group differences
of PHPS results between the propofol group and the
sevoflurane group were not significant.

on postoperative d 1, 2 and 3 were significantly increased
(p<0.05); however, the differences between IL-2 levels
at preoperative 10 min and on the postoperative d 1,
2 and 3 were not statistically significant. However,
the inter-group differences of NSE, S100β, and IL-2
protein concentrations between the propofol and the
sevoflurane group were not significantly different
(p>0.05).

The ELISA results of NSE, S100β and IL-2 protein
concentrations of patients were shown in fig. 2. In
the propofol group, compared with preoperative
10 min, the NSE protein concentrations on
postoperative d 1, 2 and 3 were significantly increased
(p<0.05); compared to the level at preoperative 10 min,
the S100β protein concentrations on postoperative
d 1, 2 and 3 were significantly increased (p<0.05);
however, the differences between IL-2 concentrations
at preoperative 10 min and postoperative d 1, 2 and
3 were not significantly different. In the sevoflurane
group, compared to preoperative 10 min, the NSE
protein concentrations on postoperative d 1, 2 and
3 were also significantly increased (p<0.05); compared
to preoperative 10 min, the S100β protein concentrations

The effects of propofol and sevoflurane on POD in
patients with malignant tumours were explored. The
elderly patients who suffered from malignant tumours
were selected as the research subjects and were
divided into the propofol group and the sevoflurane
group, who received anaesthesia induction with
propofol and sevoflurane, respectively before their
surgeries to observe the BIS, MAP and HR of each
patient before anaesthesia, during surgery and in the
recovery period. In addition, the MMSE was utilized
to evaluate the mental status of patients, the CAMICU was utilized to evaluate the conditions of POD in
patients, the PHPS was utilized to evaluate the degree
of postoperative pain of patients, and the ELISA assays
were utilized to detect the concentrations of NSE,

A

B

C

Fig. 2: ELISA results of NSE, s100β, and IL-2 levels
A. results of NSE protein concentration; B. results of s100β protein concentration; C results of IL-2 protein concentration. (▬■▬)
Propofol group, (▬×▬) sevoflurane group
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S100β, and IL-2 of patients. The results showed that
the BIS value, MAP and HR of patients in the propofol
and the sevoflurane group decreased significantly
during surgery compared to those before anaesthesia
(p<0.05); however, the inter-group differences of BIS,
MAP and HR between the propofol and the sevoflurane
groups were not statistically significant. The MMSE
results of patients in the propofol group and the
sevoflurane group obtained on the postoperative d 3
and 5 were significantly lower than those obtained on
the preoperative d 1 (p<0.05); however, the inter-group
differences of the MMSE results between the propofol
group and the sevoflurane group were not significant
(p>0.05). The incidence rates of POD in patients in
the propofol group and the sevoflurane group on the
postoperative d 3 were significantly higher (p<0.05);
however, the inter-group differences in the POD
incidence rates between the propofol group and the
sevoflurane group were not statistically significant. The
PHPS results of patients in the propofol group and the
sevoflurane group on postoperative d 1, 2 and 3 were
not significantly different as well as the inter-group
differences. The ELISA results of the NSE, S100β, and
IL-2 protein concentrations of patients in the propofol
group and the sevoflurane group were compared it was
observed that the NSE and S100β protein levels were
significantly increased on the postoperative d 1, 2 and
3 compared to those at preoperative 10 min (p<0.05);
the IL-2 protein concentrations were not changed
between the preoperative 10 min and the postoperative
d 1, 2, and 3 as well as the inter-group level differences
were also not significant. Thus, in terms of the surgical
treatments for patients with malignant tumours, the
anaesthesia induction by propofol and sevoflurane
had no obvious differences in the effects on POD.
However, certain deficiencies were identified in this
study; for example, the data collection of samples was
relatively less that caused the result being biased to a
certain extent. Therefore, the data capacity would be
further increased in the subsequent studies to reach
more valuable conclusions.
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