
Abstract. Aim: To investigate the effects of methods of total
intravenous anaesthesia (TIVA) and combined intravenous
and inhaled anaesthesia (CIIA) for laparoscopic radical
gastrectomy under the same anaesthetic depth monitored by
entropy indices. Patients and Methods: One hundred patients
undergoing laparoscopic radical gastrectomy were randomly
distributed into group I (anaesthetized by TIVA) and group
II (anaesthetized by CIIA), each group including 50 patients.
TIVA was performed with propofol and remifentanil by
means of target controlled infusion (TCI) for the patients in
group I. CIIA was performed for patients in group II by
inhalation of sevoflurane and continuous infusion of
remifentanil after anaesthesia induction, with state entropy
(SE) maintained in the range of 45-60 and difference
regarding response entropy (RE) and SE less than 10.3. The
concentrations of epinephrine, norepinephrine and dopamine
in plasma from radial artery blood samples were measured
and the durations of surgical operation, breathing recovery,
extubation, awakening, and postoperative orientation
recovery recorded; and 48 h postoperative adverse reactions
at the following times: the time at which the patient becomes
calm for 5 min after entering the operating theatre (T0);
upon completion of pneumoperitoneum (PPT) (T1); 15 min
after PPT (T2); intraoperative detection (T3), immediately
after extubation (T4); and 15 min after extubation (T5).
Results: Comparing the measurements of epinephrine,
norepinephrine and dopamine in plasma of the above two
groups at the same time, the difference between the
measurements at T0 and T2, and T5 were not statistically

significant (p>0.05), whereas those at T1, T3, and T4 were
statistically significant (p<0.05). Specifically, the
measurements for group I were significantly higher than
those for group II; the differences regarding the duration of
breathing recovery, extubation, and awakening in both
groups were not statistically significant (p>0.05). The
postoperative orientation recovery duration for group II was
significantly less than that that for group I (p<0.05); none
of the patients in either group had intraoperative awareness,
and the incidence of adverse reactions, such as nausea,
vomit, and agitation in both groups was not statistically
significantly different (p>0.05). Conclusion: At the same
anaesthetic depth, the CIIA method outperforms the TIVA
method in suppressing the stress response and obtaining
smooth awakening after laparoscopic radical gastrectomy for
patients with gastric cancer; therefore, the CIIA method has
a better anaesthetic effect. 

Gastric cancer is a common malignant tumor, and surgery is
still the treatment method most preferred. With the
development of laparoscope technology, more and more
patients choose to undergo laparoscopic radical surgery.
Therefore, how to choose a better method of anaesthesia to
mitigate patients’ stress response and reduce postoperative
incidence of adverse reactions is worthy of anesthesiologists’
attention. Entropy monitoring (1) is a new method of
assessing anaesthetic depth and initiatively uses both
electroencephalographic signals and electromyographic
signals for assessing the anaesthetic depth. It is based on the
response entropy (RE) and state entropy (SE) and has such
characteristics as timely and accurate response and excellent
anti-interference performance; therefore, it is suitable for
assessing the anaesthetic depth and effect of anaesthetic
drugs (2). This study analyzed the stress response, awakening
from anaesthesia, and postoperative adverse reactions of
patients undergoing laparoscopic radical gastrectomy at the
same anaesthetic depth using total intravenous anaesthesia
(TIVA) and combined intravenous and inhaled anaesthesia
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(CIIA) method to provide reference for the selection of
suitable anaesthesia method.

Patients and Methods

Selection of clinical cases and grouping. This retrospective study
was approved by the Medical Ethics Committee of the hospital, and
the patients and their families were informed of the study and agree
to the same. A total of 100 patients undergoing laparoscopic radical
gastrectomy, American Society of Anesthesiologists (ASA) Grade I
or II, aged 45 to 65 years, weighed 55 to 70 kg, 57 males and 43
females, all without mental abnormalities and neurological diseases,
recently not taking opioids or psychotropic drugs, were randomly
distributed into two groups: Group I (anaesthetized by TIVA) and
group II (anaesthetized by CIIA), 50 for each group. Exclusion
criteria: patients with more than 20% fluctuations in blood pressure
from baseline requiring vasoactive drugs were excluded.

Anaesthesia methods. Patients were not allowed to take food, drink,
or use drugs before surgery. The patient’s electrocardiogram, blood
oxygen saturation (SpO2), and partial pressure of carbon dioxide at
the end of expiration (PETCO2) were monitored by Datex-Ohmeda
S/5™ system after the patient entered the theatre. After local
anaesthesia, left radial artery puncture was carried out for
continuously measuring radial artery blood pressure and collecting
blood samples. The entropy electrode was attached onto skin
surfaces in the middle of the forehead, above the eyebrow, and at
the outer corner of the eye after degreasing with ethanol to monitor
RE and SE values.

After routine anaesthesia induction, the patients in group I
were anaesthetized with propofol using the Diprifusor TCI
system (AstraZeneca, Nanjing, China), with SE maintained in the
range of 45 to 60 during the surgery. When SE was more than 60
or less than 45 for more than 60 s, the concentration of propofol
was adjusted by 0.5 μg/ml each time. The patients in group II
were anaesthetized by inhalation of sevoflurane, with SE
maintained in the range of 45 to 60 during the surgery. When SE
was more than the upper limit or less than the lower limit for
more than 60 s, the concentration of sevoflurane was adjusted by
0.5% each time. The patients were anaesthetized in both groups
with remifentanil, with target plasma concentration 2-6 ng/ml
and SE in the range of 45-60. When the difference regarding RE
and SE was more than 10, the concentration of remifentanil was
increased. Intermittent intravenous injection was carried out with
rocuronium to maintain surgical relaxation and injection was
halted 30 min before the end of surgery. Muscle relaxant
antagonists were not applied for patients of either group.
Anaesthetic drugs were withdrawn at the end of skin suturing.
An intravenous pump was used for postoperative analgesia and
the patient transferred to the recovery room.

Observation indicators. Radial artery blood samples were acquired
and the concentrations of epinephrine, norepinephrine and dopamine
in plasma were measured using Agilent 1100 ESA CoulArray
(Spectralab Scientific Inc, Toronto, Ontario, Canada) and ESA
coulchem III-5011A system (ESA elettronica, Mariano Comense,
Lecco, Italy); the duration of operation, breathing recovery,
extubation, awakening, and postoperative orientation recovery were
recorded; and postoperative adverse reactions observed for 48 h at
T0-5.

Statistical analysis. Statistics analysis was carried out using SPSS
13.0 software package (IBM, USA). Measurement data are
expressed as the mean±standard deviation. Comparison results
between groups were subject to group t-test. Comparison of
measurement data were subject to χ2 test. Differences were accepted
as statistically significant at p<0.05.

Results

General conditions. Differences between groups were not
statistically significant (p>0.05) regarding age, weight,
gender, ASA class, entropy, and duration of operation, as
shown in Table I.

Anaesthesia quality. Plasma catecholamine level variations:
By comparing the measurements of epinephrine,
norepinephrine and dopamine in plasma in both groups at the
same time, the difference between the measurements at T0
and T2, and T5 were not statistically significant (p>0.05),
whereas those at T1, T3, and T4 were (p<0.05). Specifically,
the measurements for group I were significantly higher than
those for group II, as shown in Table II.

Awakening: The differences regarding the duration of
breathing recovery, extubation, and awakening between both
groups were not statistically significant (p>0.05). The
postoperative orientation recovery duration for group II was
significantly less than that for group I (p<0.05). According to
postoperative follow-up surveys, no patient in either group
had intraoperative awareness, and the incidence of adverse
reactions, such as nausea, vomiting and agitation, as well as
the difference regarding satisfaction scores, were not
statistically significant (p>0.05), as shown in Table III.

Discussion

Kitano et al. first reported the laparoscopy-assisted distal
gastrectomy in 1994 (3). After more than 10 years of
development, the application of laparoscopic surgery in
gastroenteric tumour has become increasingly common (4).
However, complete laparoscopic gastrectomy is
characterized by a complex operation and long duration,
adverse effects on the respiratory cycle resulting from CO2
pneumoperitoneum, and requirement for early postoperative
awakening and activities of patients, etc., increasing the
difficulty of anaesthesia. At present, the main clinical
anaesthetic methods are TIVA and CIIA. The evaluation of
the two methods have always been controversial. This is
mostly because the evaluations ignore the influence of the
depth of anaesthesia on anaesthetic quality and amount of
anaesthetic drugs used. Therefore, this study introduced the
same surgical procedure, in which SE was maintained in the
range of 45-60, at the same depth of anaesthesia in order to
minimize such interference, which improves the confidence
level of the study results.

ANTICANCER RESEARCH 36: 1305-1308 (2016)

1306



Among the common clinical methods for monitoring the
anaesthetic depth, including bispectral index (BIS), auditory
evoked potentials, entropy and cerebral state index, the
entropy method has the following advantages: (i) It has good
correlation with propofol, remifentanil, and sevoflurane (5-
7), and is sensitive for rapid response. For instance, RE can
be significantly increased about 4 min before the increase of
BIS; therefore, it can replace BIS for clinical monitoring (8).
(ii) Under shallow anaesthesia, entropy has rapid response to
external stimulus, which will cause a stress response (9) and
can be used to anticipate harmful stimuli (10). (iii) Entropy
can better resist interference (11). The methods for better
control of the amount of anaesthetic drugs to be used for
individual patients in order to improve quality of anaesthesia
and reduce medical costs are rarely reported. Sevoflurane,
propofol and remifentanil are novel anaesthetic drugs that are
characterized by rapid effect, short duration, and a rapid and
smooth recovery. They are commonly used for anaesthesia

for significantly reducing the stress response during surgery,
maintaining stable intraoperative circulation and achieving
rapid postoperative recovery, and hence are ideal for fast-
track anaesthesia. Therefore, this study used entropy for
monitoring of anaesthetic depth. During surgery, the amount
of drugs may be controlled based on variations of entropy
values. The results show that during the entire surgery, both
groups underwent a similar depth of anaesthesia, which is a
depth favourable for comparison with the SE maintained in
the range of 45-60; during the perioperative period, both
groups have relatively stable haemodynamic characteristics,
which indicates that entropy monitoring can give guidance
for rational use of anaesthetic drugs so as to avoid injury to
patients due to great fluctuations in the depth of anaesthesia.

Stimuli such as trauma and surgery can cause stress
responses of patients. Among these stress responses, changes
in sympathetic–adrenal medulla system are most active and
occur first after stimulation. As important hormones for
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Table I. Comparison of general conditions of the patients in both groups (n=50).

Group Age (years) Weight (kg) Gender (male/female) ASA Class (I/II) Entropy (SE) Operation duration (min)

I 55±4 65±6 26/24 28/22 51±6 235±38
II 53±3 63±5 25/25 27/23 52±6 251±40

ASA: American Society of Anaesthesiologists; SE: state entropy. *p<0.05 Compared to group I. Results are shown as mean±SD.

Table II. Comparison of epinephrine, norepinephrine and dopamine concentrations (pg/ml) in plasma in both groups (n=50).

Group T0 T1 T2 T3 T4 T5

Epinephrine
I 38±9 61±9 43±12 107±11 87±9 43±7
II 37±10 39±10* 40±9 51±12* 54±11* 45±8

Norepinephrine
I 138±35 202±41 140±38 294±51 198±37 137±33
II 135±39 150±38* 143±37 198±38* 143±26* 150±34

Dopamine
I 71±6 97±7 75±8 105±9 86±11 71±6
II 74±7 83±9* 76±6 80±6* 74±7* 72±9

*p<0.05 Compared to group I. T0: the time at which the patient becomes calm for 5 min after entering the operating theatre; T1: upon completion
of pneumoperitoneum;   T2: 15 min after PPT; T3: intraoperative detection; T4: immediately after extubation; T5: 15 min after extubation. Results
are shown as mean±SD.

Table III. Comparison of postoperative recovery conditions in both groups (n=50, % of cases).

Group Breathing recovery Extubation Awakening Postoperative orientation Agitation Nausea, Intraoperative 
duration (min) duration (min) time (min) recovery duration (min) (%) vomiting (%) awareness (%)

I 6.5±1.2 8.1±4.5 9.6±2.5 15.2±3.4 4 2 0
II 6.6±1.3 7.9±4.7 9.3±3.0 9.3±3.6* 4 4 0

*p<0.05 Compared to group I. Results are shown as mean±SD.



regulating and maintaining cardiovascular functions,
catecholamines are also sensitive indicators reflecting stress
response (12). An ideal anaesthetic method should ensure
stable haemodynamic characteristics. But more importantly,
it should be able to avoid or mitigate the damage due to the
stress response during perioperative periods so as to ensure
infusion to important organs and homeostasis. In this study,
the plasma catecholamine levels in the CIIA group were
lower than those in the TIVA group at the following times:
upon completion of pneumoperitoneum, intraoperative
detection, and immediately after extubation, indicating that
at the same depth of anaesthesia, the CIIA method can
provide better sedation and analgesic effects, and suppress
excessive intraoperative stress responses. This may be
because in this mechanism, sevoflurane has hypnotic and
analgesic effects on spinal cord (12) and it has a synergistic
effect with remifentanil. 

In this study, patients in both groups underwent anaesthetic
and surgical procedure under the guidance of entropy
monitoring. During surgery, both groups showed no significant
differences regarding breathing recovery time, extubation time,
and awakening time. However, regarding postoperative
orientation recovery time, the CIIA group fared better than the
TIVA group. This is mainly because sevoflurane can enhance
the muscle-relaxant effects of muscle relaxants, extending
their duration of action and clinical aging, thereby reducing
the amount of muscle relaxants required (13), shortening the
postoperative recovery time of muscle tension, so more
conducive to patients’ early postoperative recovery. Although
there were reports that sevoflurane anaesthesia alone can be a
major factor in the occurrence of postoperative agitation (14),
in this study, patients in the CIIA group only inhaled a little
amount of sevoflurane under monitoring. Therefore, the
differences regarding the incidence of postoperative adverse
reactions, such as agitation, nausea and vomiting, were not
statistically significantly different between these groups.
According to the 48-h postoperative follow-up survey, patients
in both groups had no intraoperative awareness, which
indicates that based on entropy monitoring, the depth of
anaesthesia can be accurately reflected to prevent
intraoperative awareness.

In conclusion, at the same anaesthetic depth, the CIIA method
outperforms the TIVA method in suppressing stress response
during and obtaining smooth awakening after laparoscopic
radical gastrectomy for patients with gastric cancer; therefore,
the CIIA method has a better anaesthetic effect.
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