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Abstract. Clinical analgesic effect of different doses of nalbu-
phine combined with remifentanil on postoperative gastric 
cancer patients was explored. One hundred cases of gastric 
cancer patients treated from December 2014 to December 2016 
in the Xiangyang No. 1 People's Hospital were selected and 
separated into group A and group B. The dose in group A 
was 0.2 mg/kg of nalbuphine plus 0.2 µg/kg of remifentanil, 
and 0.3 mg/kg of nalbuphine plus 0.1 µg/kg of remifentanil in 
group B. Analgesia was performed by self-controlled intrave-
nous injection. The Visual Analogue Scale (VAS) pain scores 
and the Brinell Comfort Score (BCS) at 2, 6, 12, 24 and 48 h 
after operation, and the incidence of adverse reactions were 
compared between the two groups. The VAS scores in group 
A were higher than those in group B, but the BCS scores in 
group A were lower (P<0.05). Postoperative patient-controlled 
intravenous analgesia (PCIA) press times in group A were 
lower than those in group B (P<0.05); the incidence of 
adverse reactions such as nausea and vomiting in group A 
was higher than that in group B (P<0.05). The analgesic effect 
of intravenous analgesia scheme of 0.3 mg/kg of nalbuphine 
and 0.1 µg/kg of remifentanil on gastric cancer patients after 
operation is better than that of 0.2 mg/kg of nalbuphine and 
0.2 µg/kg of remifentanil, which reduces the incidence of 
adverse reactions, has greater security, and can be promoted.

Introduction

Gastric cancer, a common malignancy, is mainly caused by 
unhealthy dietary habits. According to the latest statistics on 
the incidence and mortality of gastric cancer, it ranks second 
in malignancies worldwide (1). The incidence of gastric cancer 
in Vietnam and Philippines is highest (2) and it ranks first in 
gastrointestinal malignancies in the two countries. According 
to the recent statistics by the World Health Organization (3), 
the death toll of gastric cancer in 2015 (760,000) ranked fourth 
in cancer deaths over the world. In the past two years, the 
death toll tended to be flush with the second and the third, and 
the death is biased towards young age. Radical gastrectomy (4) 
refers to the complete removal of tumor, and then it may be 
cured, so radical gastrectomy is also called curative resec-
tion of gastric cancer. The primary sources of gastric cancer 
mainly include primary tumors, metastatic lymph nodes, and 
involve infiltrating tissues. The current surgical methods for 
radical gastrectomy include traditional laparotomy, laparo-
scope-assisted radical gastrectomy, full laparoscopic radical 
gastrectomy and robotic radical gastrectomy (5).

A previous study found that patients' psychology had a great 
impact on the success rate of the operation and the post operative 
prognosis, and postoperative excessive pain had a strong nega-
tive impact on patient recovery (6), so the choice and dose of 
analgesics was crucial. Clinical studies have shown that remi-
fentanil is a good postoperative tranquilizer (7-10). Due to its 
unique chemical structure - ester bond, remifentanil is easily 
hydrolyzed by non‑specific cholinesterase in the body, and these 
hydrolyzed sites are mainly located in human tissues and plasma, 
so the elimination of remifentanil in the human body mainly 
relies on them rather than liver and kidney function. Therefore, 
remifentanil has the advantages of rapid onset of analgesia, 
strong analgesic effect, rapid drug effect, easy adjustment, no 
accumulation in the body and rapid elimination, which enables 
the patient to recover quickly after drug withdrawal. Nalbuphine 
also has superior advantages in anesthesia and analgesia (11,12), 
mainly due to the fact that it has a unique pharmacological 
property - antagonistic part of the µ-receptor that inhibits 
adverse reactions such as respiratory depression, nausea, cough, 
and drowsiness, which are caused by this receptor excitement. 
At present, it has not been studied or discussed by scholars to 
apply the combination of remifentanil and nalbuphine with 
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proper ratio in clinical analgesia. Therefore, this study mainly 
investigated the clinical analgesic effect of different doses of 
remifentanil combined with nalbuphine on postoperative gastric 
cancer patients, to improve postoperative analgesia regime.

Patients and methods

Patient data. One hundred cases of gastric cancer patients 
were treated from December 2014 to December 2016 in the 
Xiangyang No. 1 People's Hospital (Xiangyang, China), 
including 74 males and 26 females, aged from 40 to 68 years, 
with an average age of 51±6.22 years. The enrolled patients 
were divided into group A and B, with 50 cases in each group, 
according to the choice of patient postoperative analgesia 
regime. The regime in group A was 0.2 mg/kg of nalbuphine 
(Carbone Scientific Co., Ltd.) plus 0.2 µg/kg of remifentanil 
(Yaodu Jingwei Information Technology Co., Ltd., SFDA 
approval no.: H20143314); in group B it was 0.3 mg/kg of 
nalbuphine plus 0.1 µg/kg of remifentanil. 

The basic clinical data of the patients were collected, 
including demographic data, operation time and vital signs. 
Τhis study was approved by the Ethics Committee of the 
Xiangyang No. 1 People's Hospital. Patients who partici-
pated in this research had complete clinical data. The signed 
informed consents were obtained from the patients or the 
guardians.

Inclusion and exclusion criteria. Inclusion criteria (13,14): 
All enrolled patients met the requirements of the American 
Society of Anesthesiologists (ASA) (levels I-II); all gastric 
cancer patients admitted were confirmed as positive by clinical 
diagnosis; both enrolled patients and their family members 
were informed and agreed before treatment. Exclusion criteria: 
Patients who were allergic to analgesic drugs, who had a 
history of drug abuse, patients undergoing chemotherapy and 
radiotherapy one month before operation, patients unwilling 
to cooperate with the treatment or with disabilities, were 
excluded from the study.

Analgesic methods. After entering the operating room, 
patients' basic vital signs were measured. An intravenous 
channel was opened, oxygen was given, with ECG monitoring. 
Radical gastrectomy was performed in strict accordance with 
the relevant operating specifications throughout the entire 
process. All patients underwent postoperative analgesia using 
patient-controlled intravenous analgesia (PCIA). In group A, 
0.2 µg/kg of remifentanil plus 0.2 mg/kg of nalbuphine plus 
0.9% of sodium chloride solution were used to 100 ml for 
analgesia pump. In group B, 0.1 µg/kg of remifentanil plus 
0.3 mg/kg of nalbuphine plus 0.9% of sodium chloride solution 
were used to 100 ml for analgesia pump. The background dose 
of the analgesic pump was 2 ml/h, the self-administered dose 
was 2 ml, and the locking time was 10 min.

Operation methods. All patients chose to have a supine 
position, and the position could be adjusted according to the 
needs of the operation. Laparoscopic radical surgery was 
performed with a five‑hole approach. The surgeon made an 
incision about 2 cm below the navel. Trocar (10 mm) was 
inserted to establish the pneumoperitoneum. The pressure 

was controlled between 12 and 15 mmHg. The other four 
holes were punctured in the left, right upper abdomen, left 
and right abdomen. The left upper abdomen was set up as 
the main operating hole. After the first assistant pulled the 
membrane, the surgeon cut the membrane from the trans-
verse colon with an ultrasonic scalpel, opened the membrane 
cavity, and separated and cut the gastroduodenal artery in 
the colonic liver region. Then the gastroenteric artery and 
vein were found near the posterior wall of the stomach, 
and the root of the artery and vein were clamped, and the 
distal part of the membrane was cut off and the sixth group 
of lymph nodes was removed. After the pancreatic envelope 
was separated, the left gastric artery and vein were exposed. 
The same method was used to clamp the left gastric artery 
and vein on the root, then the distal part was cut off, and 
the seventh and eighth groups of lymph nodes were removed 
completely. After hepatoduodenal ligament capsulotomy, the 
right gastric artery was exposed, and the distal end was cut 
off after root clamp, and the third and twelfth lymph nodes 
were removed. Finally, the lymph nodes in the spleen area 
were removed, the stomach was short-acting, the root of the 
vein was clamped and the distal end was cut, and the poste-
rior gastric venous and venous and the ligaments around the 
stomach were cut off. The first and second sets of lymph 
nodes were removed and the cardia was freed. Total gastrec-
tomy was performed, and the esophageal jejunum Roux-Y 
anastomosis or Bi-type anastomosis was performed. Grade I 
care was given after surgery, and conventional antibiotics 
were used. After the patient was ventilated, the fastening was 
released. All patients underwent the same surgical procedure 
and the number of lymph nodes removed was determined by 
the patient's condition at the time of surgery.

Methods of observation. The clinical experience of the 
patients in all groups at 2, 6, 12, 24 and 48 h after operation 
was observed and recorded using visual analogue scale (VAS) 
and Brinell comfort score (BCS) (15-18). The VAS scores 
range from 0 to 10 and the pain increases with the increase 
of the number. The BCS scores range from 1 to 4, and the 
comfort degree increases with the increase of the number. The 
effective PCIA press times and the effect of analgesic agents 
were observed and recorded for all patients within 20 h after 
operation; the incidence of adverse reactions during analgesia 
was observed and recorded, including cough, respiratory 
depression (breathing <8 times/min), drowsiness and pruritus.

Follow‑up. The subjects in this group were followed up using 
ward round and other follow-up methods, and the analgesic 
methods and prognosis of patients were observed, and they 
were followed up for a maximum of 60 days. Analysis of the 
clinical analgesic effect of different doses of remifentanil 
combined with nalbuphine on postoperative gastric cancer 
patients was performed.

Statistical analysis. The data obtained from the records were 
statistically processed using the SPSS 20.0 statistical package 
(IBM Corp., Armonk, NY, USA ). Measurement data were 
expressed in mean ± standard deviation (mean ± SD), and 
the comparison between two groups was tested by Student's 
t-test. Repeated measures analysis of variance was used for 
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the comparison of different time points within the group. LSD 
test was the post hoc test. The enumeration data was expressed 
in percentage [n/(%)], and the comparison between the groups 
was tested by Chi-square test. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Analysis of the basic clinical data of the two groups. The 
subjects included in this study were 100 gastric cancer patients 
who were divided into two groups, with 50 cases in each group. 
The t-test and Chi-square test were used for statistical analysis 
of the clinical data of the two groups. The results showed that 
there were no statistically significant differences between the 
two groups in main vital signs, proportion of male and female 
and medical history (P>0.05) (Table I). The two groups of 

patients were comparable. The proportion of patients who had 
a history of drinking and irregular diet, and the proportion of 
male patients were high patients.

Patients' VAS pain condition and BCS comfort scores. The 
VAS scores of patients were observed and recorded at 2, 6, 12, 
24 and 48 h after operation. The VAS scores of patients were 
higher in group A than those in group B at each time point 
(P<0.05). Patients' comfort degree (BCS scores) was lower 
in group A than that in group B at each time point (P<0.05)
(Table II).

PCIA press times and adverse reactions of patients. After 
observation and record, it was found that within 20 h after opera-
tion, the effective PCIA press times in group A (6.2±1.5 times) 
were lower than those in group B (13.8±2.5 times), and the 

Table I. Basic clinical data [mean ± SD or n/(%)].

Items Group A Group B t/χ2 value P-value

Number 50 50
Sex   0.208 0.648
  Male 38 (76) 36 (72)
  Female 12 (24) 14 (28)
Age distribution (years) 50.12±5.6 52.43±6.3 1.930 0.057
Systolic pressure before operation (mmHg) 137.02±6.10 134.69±5.89 1.943 0.055
Diastolic pressure before operation (mmHg) 81.34±9.36 79.6±8.66 0.937 0.351
Heart rate before operation (times/min) 76.51±10.35 77.27±9.52 0.382 0.703
Breathing before operation (times/min) 17.84±1.22 18.12±1.64 0.969 0.335
Operation time (min) 217.83±5.25 219.42±4.93 1.561 0.122
History of drinking 32 (64.00) 33 (66.00) 0.044 0.834
History of irregular diet 39 (78.00) 39 (78.00) 0.000 1.000
Tumor size   0.049 0.826
  <4 cm 35 (70.00) 36 (72.00)
  ≥4 cm 15 (30.00) 14 (28.00)
Degree of tumor differentiation   0.220 0.896
  High differentiation 2 (4.00) 3 (6.00)
  Middle differentiation 26 (52.00) 25 (50.00)
  Poor differentiation 22 (44.00) 22 (44.00)
Tumor infiltration   0.539 0.970
  T1 14 (28.00) 13 (26.00)
  T2 12 (24.00) 12 (24.00)
  T3 19 (38.00) 20 (40.00)
  T4a 3 (6.00) 4 (8.00)
  T4b 2 (4.00) 1 (2.00)
Number of lymph node metastases   1.450 0.996
  N0 21 (42.00) 18 (36.00)
  N1 10 (20.00) 12 (24.00)
  N2 11 (22.00) 13 (26.00)
  N3 8 (16.00) 7 (14.00)
Distant metastasis   0.502 0.919
  M0 47 (94.00) 48 (96.00)
  M1 3 (6.00) 2 (4.00)
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difference was statistically significant (P<0.05) (Fig. 1); the 
incidence of adverse reactions such as nausea, vomiting and 
respiratory depression (breathing <8 times/min) in group A 
of patients was 52.00%, higher than 24.00% of patients in 
group B (P<0.05). The difference was not statistically signifi-
cant in epigastric discomfort (P>0.05) (Table III and Fig. 2).

Discussion

Radical gastrectomy is an open surgery that severely damages 
the immune system. Under the influence of minimally invasive 
techniques, both the surgical method and the wound area have 
been optimized. However, it is still a hot topic how to effectively 

Table II. Comparison of VAS pain scores and BCS comfort scores between the two groups of patients at 2, 6, 12, 24 and 48 h 
(mean ± SD, scores).

 VAS scores BCS scores
 -------------------------------------------------------- ------------------------------------------------
Time (h) Group A Group B t value P-value Group A Group B t value P-value

  2 5.08±0.75 3.02±0.25 18.430 <0.001 1.52±0.12a 2.85±0.12 55.420 <0.001
  6 4.51±0.54a 3.05±0.15 18.420 <0.001 1.66±0.08a 3.05±0.16 54.940 <0.001
12 3.95±0.45a 2.68±0.13 19.170 <0.001 1.85±0.08a 2.95±0.23 31.940 <0.001
24 3.71±0.24a 2.45±0.14 31.090 <0.001 1.95±0.13a 2.98±0.45 15.500 <0.001
48 3.61±0.34a 2.45±0.14 22.310 <0.001 1.86±0.16a 2.96±0.45 16.290 <0.001
F value 77.110 153.200   108.900 2.596
P-value <0.001 <0.001   <0.001 0.037

aP<0.05, compared with group B at the same time point.

Table III. Comparison of adverse reactions between the two groups [n (%)].

Items Group A Group B χ2 value P-value

n 50 50
Epigastric discomfort 15 (30.00)   6 (12.00) 0.012 0.911
Nausea, vomiting 11 (22.00) 3 (6.00) 5.316 0.021
Cough 10 (20.00) 2 (4.00) 6.061 0.014
Respiratory depression 17 (34.00)   5 (10.00) 8.392 0.004
Drowsiness 12 (24.00) 4 (8.00) 4.762 0.029
Pruritus   7 (14.00) 1 (2.00) 4.891 0.027
Total 26 (52.00) 12 (24.00) 8.319 0.004

Figure 1. Comparison of PCIA press times between the two groups of 
patients. The postoperative effective PCIA press times in group A of patients 
were significantly lower than those in group B, and the difference was statis-
tically significant (P<0.05). *P<0.05 at the same time point, compared with 
group A. PCIA, patient-controlled intravenous analgesia.

Figure 2. Comparison of adverse reactions between the two groups of 
patients. The incidence of adverse reactions such as nausea, vomiting and 
respiratory depression (breathing <8 times/min) in group A of patients was 
26 (52.00%), higher than 12 (24.00%) of patients in group B, and the differ-
ence was statistically significant (P<0.05). *P<0.05, compared with group A.
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relieve or eliminate acute pain of the patient caused by surgical 
trauma and minimize the incidence of side effects. Scientific 
statistics have proven that effective postoperative analgesia can 
accelerate postoperative recovery (19). First, it can effectively 
improve postoperative sleep quality of the patient. Moreover, 
it can reduce post operative pain and encourage cough and 
expectoration. Finally, the complications caused by surgical 
trauma have also been improved. Rose and Kam (20) found 
that postoperative complications are mainly caused by the 
inhibition of the immune system, its mechanism of action is 
generally that the pituitary is excessively activated caused by 
the stimulation of postoperative excessive pain, thus releasing 
a large number of hormones that inhibit the immune system. 
In this study, remifentanil combined with nalbuphine was used 
for the postoperative stabilization of radical gastrectomy, and 
the effect of its dose on clinical analgesia was investigated.

Compared with conventional analgesic methods, PCIA 
can be administered by patients themselves to meet individual 
analgesic needs, and the titration of doses is more accurate, 
avoiding obvious fluctuations in blood drug concentration, thus 
achieving the greatest analgesic effect in the shortest time (21). 
The convenient administration of PCIA also makes the dosage 
individualized, and greatly reduces the workload of medical 
staff (22). Epidural anesthesia cannot ensure the anesthesia 
effect of patients because the dosage cannot be completely 
individualized. In the occurrence of certain emergencies such 
as insufficient depth of anesthesia, it is passive for the patient's 
anesthesia treatment, and when the anesthesia level is lower, 
it has a greater impact on blood pressure and other hemody-
namic factors (23,24). Nerve block is also a common analgesic 
method, but the technical requirements for the operator are 
higher, the cost of anesthesia is more expensive, and when the 
operator is not experienced enough, a small error can cause 
nerve stimulation symptoms, even serious complications (25). 
As a result, in this study, we used PCIA to relieve postopera-
tive pain.

The dose in analgesic regime A was 0.2 mg/kg of nalbu-
phine plus 0.2 µg/kg of remifentanil and in the analgesic 
regime B it was 0.3 mg/kg of nalbuphine plus 0.1 µg/kg of 
remifentanil. The results of the study were as follows: The 
VAS scores in group A were higher than those in group B; the 
BCS scores in group A were lower than those in group B, and 
the difference was statistically significant (P<0.05), indicating 
that the postoperative discomfort and pain value in group A 
were overall higher than those in group B, that is, analgesic 
regime B was better. At the same time, related research (7) 
has also shown that the analgesic effect, drug efficacy dura-
tion and drug resistance to extensive surgical trauma have 
been improved when remifentanil at a dose of 0.1 µg/(kg·min) 
is used, which is consistent with this study. From a study 
on the pharmacological aspect of remifentanil (26), it was 
found that inhibitory G protein and excitatory G protein were 
conjugated to this type of drug at the time of analgesic effect, 
which increased body's sensitivity to pain. Therefore, the 
high-content remifentanil in group A also triggered more acute 
pain at the same time as high‑efficiency analgesia, resulting in 
the comfort in group A being lower than that in group B, and 
the pain higher than that in group B.

This study also found that postoperative PCIA press times 
in group A of patients (6.2±1.5 times) were lower than those in 

group B (13.8±2.5 times) (P<0.05), and the incidence of adverse 
reactions such as nausea, vomiting and respiratory depression 
(breathing <8 times/min) in group A of patients was 52.00%, 
higher than 24.00% in group B (P<0.05). It further verifies 
this conclusion, indicating that high-content remifentanil has 
extended its drug resistance time, but it also increases the 
incidence frequency of adverse reactions. Compared to other 
studies of remifentanil combined with non-nalbuphine (27-29), 
under the same conditions as recording patient postoperative 
analgesia and the same setting of analgesic pump at the same 
time point, in this study, group B had lower VAS, higher BCS, 
and superior analgesic effect. It was proposed to be due to the 
optimal addition of remifentanil combined with nalbuphine in 
pharmacology (30). In terms of receptors, nalbuphine belongs 
to the κ-receptor but remifentanil belongs to the µ-receptor, 
and different receptors reduce receptor competition. In addi-
tion, nalbuphine contains antagonistic part of the µ-receptor, 
the excitement of which will cause adverse reactions, and the 
addition of remifentanil promotes the elimination of anal-
gesic drugs. Therefore, the combination of remifentanil and 
nalbuphine optimizes the analgesic and anti-adverse reaction 
effects.

Due to limitations such as small experimental sample 
size and limited experimental conditions, this study can 
only preliminarily determine that the analgesic scheme of 
0.3 mg/kg of nalbuphine plus 0.1 of µg/kg remifentanil is safer 
and more effective than that of 0.2 mg/kg of nalbuphine plus 
0.2 µg/kg of remifentanil.

The intravenous analgesia scheme of 0.1 µg/kg of remi-
fentanil plus 0.3 mg/kg of nalbuphine were superior to other 
schemes in analgesic effect, comfort and times of pressing, 
which reduces the incidence of adverse reactions. Low dose 
remifentanil combined with nalbuphine may have a higher 
security, and is worth further exploring.
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