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Abstract
Background To evaluate the effect of oxycodone on postoperative pain and in�ammation in elderly
patients undergoing laparoscopic gastrectomy.

Methods Sixty patients who were of both sexes, American Society of Anesthesiologists Physical Status
(ASA-PS) Class I or II, over 65 years of age and undergoing an elective laparoscopic radical gastrectomy
were randomly divided into two groups: an oxycodone group (Group O) and a sufentanil group (Group S).
The postoperative analgesia regimen was as follows: 40 mg of parecoxib sodium and 0.1 mg/kg of
oxycodone was intravenously injected into Group O before the abdomen closure, while 40 mg of
parecoxib sodium and 0.1 μg/kg of sufentanil was injected intravenously into Group S. Both groups were
in�ltrated with 20 ml of 1% ropivacaine at the end of the operation. The concentrations of IL-6 and IL-10
were measured immediately after the operation and one hour, six hours and twenty-four hours after the
operation (T1-4). The numerical rating scale (NRS), the Ramsay sedation score, analgesic-related adverse
events, postoperative pulmonary in�ammation events and the postoperative stay were recorded.

Results Compared with Group S, the serum IL-6 concentrations of Group O decreased at T3 and T4, while
the serum IL-10 concentrations increased (P < 0.05). In Group O, the serum IL-6 concentrations at T3 and
T4 were lower than those at T1 (P < 0.05). The incidence of postoperative nausea and vomiting PONV
and pulmonary in�ammation in Group O was lower than that in Group S (P < 0.05). At each time point,
the NRS of visceral pain in Group O was lower than that in Group S. At six and twenty-four hours after
extubation, the NRS of incision pain in Group O was lower than that in Group S (P < 0.05).

Conclusion Oxycodone can regulate the level of in�ammatory cytokines and reduce postoperative
in�ammatory response.

Background
Gastric cancer is still the fourth most common cancer in the world, and its mortality rate is the second
highest cancer mortality rate.[1] In addition, because of the particular physical condition of elderly
patients, it is extremely important to meet operation requirements, such as less trauma, a comfortable
operation and quick post-op recovery. Therefore, we should study carefully the surgical and postoperative
analgesia methods used with elderly gastric cancer patients.

So far, many studies have proven the safety of laparoscopic surgery for gastrointestinal diseases. One
example is Zheng Lijun et al.'s retrospective comparative study of laparoscopic and open distal
gastrectomy in the treatment of elderly gastric cancer. Their study, using relevant data from a number of
years, shows that a laparoscopic radical gastrectomy is effective and safe for treating gastric cancer and
may be superior to the traditional open gastrectomy with respect to some of its surgical effects. [2]

Postoperative pain is a common adverse reaction of elderly patients after a laparoscopic radical
gastrectomy for gastric cancer. Poor analgesia will cause a severe stress reaction and adversely affect
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postoperative recovery. According to previous studies, these adverse effects mainly include decreased
vital capacity and alveolar ventilation, pneumonia, tachycardia, hypertension, myocardial infarction and
myocardial ischemia [3, 4, 5], and noxious stimulation during the operation will increase the release of pro-
in�ammatory factors and reduce the release of anti-in�ammatory factors. [6] Serum IL-6 is a cytokine with
in�ammation-mediated activity, which re�ects the degree of tissue injury and postoperative stress[7] while
serum IL-10 is a potent immunosuppressive cytokine, which can inhibit proin�ammatory cytokines [8]),
resulting in systemic in�ammation and affecting postoperative recovery.

Opioids are the �rst choice for postoperative analgesia.[9] Nausea and vomiting is a common side effect
of opioids, and the µ receptor is the main receptor that causes nausea and vomiting. Sufentanil, an opioid
analgesic, is often used as a pure µ receptor agonist, and we often increase its dose to avoid the
occurrence of analgesia de�ciency. However, it also increases the incidence of postoperative nausea and
vomiting.[10] Oxycodone is a semi-synthetic opioid analgesic, which can effectively relieve visceral pain
by stimulating µ and κ receptors, especially κ receptors, and it has fewer adverse reactions than other
opioid drugs.[11, 12] Studies have shown that both µ and κ receptors exist in the gastrointestinal tract, and
their functions include controlling visceral pain.[13] In view of the κ receptor agonist effect of oxycodone,
its analgesic effect on visceral pain is better than that of the µ receptor agonist alone.[12, 14]

Although recent clinical research into oxycodone has involved analgesia in many �elds, there is no
research into the analgesic and anti-in�ammatory effects of oxycodone in elderly patients after a radical
gastrectomy for gastric cancer. This study aims to evaluate the effect of oxycodone hydrochloride on
postoperative pain and in�ammation in elderly patients undergoing a laparoscopic radical gastrectomy
for gastric cancer, so as to provide a reference for clinical research.

Methods
This study was approved by the Ethics Committee of our hospital, and the informed consent of patients
and their families was obtained. The subjects had undergone a laparoscopic radical resection for gastric
cancer; there were 60 cases, aged 65 or above, ASA-PS or , male and female. The patients had no
neurological or psychiatric problems, no long-term use of sedatives or antidepressants, and no history of
alcohol abuse or drug dependence. Patients with preoperative liver and kidney abnormalities and chronic
pain, neurological or psychiatric disorders, long-term use of sedatives and painkillers and long-term use
of antipsychotic medications were excluded. The patients were divided into an oxycodone group (Group
O) and a sufentanil group (Group S) according to the random number table method,with 30 patients in
each group.

There was preoperative routine abstinence from drinking and fasting and no preoperative medication.
After the patient was admitted to the operating room, routine ECG monitoring was performed to establish
the peripheral venous access of the upper limb, and 500 ml of Ringer's lactate solution was given (20 ~ 
25 min). A left radial artery puncture and catheterization were performed under local anaesthesia to
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monitor the invasive blood pressure, and a BIS monitor was connected to monitor the anaesthesia depth.
Anaesthesia was induced with an intravenous injection of midazolam 0.02 mg/kg, etomidate 0.2–
0.3 mg/kg, sufentanil 0.6µ g/kg, and cis atracurium 0.3 mg/kg. After endotracheal intubation, mechanical
ventilation was performed. The tidal volume was 8: 10 ml/kg, the respiratory frequency was 12: 14 bpm,
the inspiratory/expiratory ratio was 1:2, the end-expiratory carbon dioxide pressure was 35 ~ 40 mmHg,
the oxygen �ow was 2 L/min, and the BIS was 45 ~ 55. Anaesthesia was maintained with an intravenous
constant speed pump infusion of remifentanil 0.1 0.3 µg·kg− 1·min− 1, a target-controlled infusion of
propofol (serum target concentration 2.5-3.0 µg/ml) and the intermittent addition of cis atracurium to
maintain muscle relaxation. Postoperative analgesic methods: Once the abdomen was closed, group O
was given 40 mg parecoxib sodium and 0.1 mg/kg oxycodone. Group S was administered 40 mg
parecoxib sodium and 0.1 g/kg sufentanil. Both groups received 1% ropivacaine 20 ml incision in�ltration
at the end of the operation.

Venous blood samples were collected immediately before the operation and one hour, six hours and
twenty-four hours after the operation (T1–4). Serum IL-6 and IL-10 concentrations were determined by an
ELISA blood test. The digital pain score (NRS) (0 for no pain, 10 for the most pain, 1 to 3 for mild pain, 4
to 6 for moderate pain, and 7 to 10 for severe pain) was recorded at 1, 5, 10, and 30 minutes and 1, 6, 24,
and 48 hours after extubation. Analgesic drugs (Sufentanil, parecoxib sodium, etc.) were administered to
all patients with an NRS greater than four. The Ramsay score was recorded at 1, 5, 10, 30 and 60 minutes
after extubation. The time of resuscitation (from the end of the operation to return to the ward), the
incidence of analgesia-related adverse events (nausea, emesis, respiratory depression, restlessness
during the waking period), postoperative pulmonary in�ammation and postoperative hospital stay were
all recorded.

SPSS 22.0 statistical software was used for analysis. Measurement data of normal distribution were
expressed as mean ± standard deviation (± s), a group T test was used for inter-group comparison, and
repeated measurement analysis of variance was used for intra-group comparison. Count data were
compared using the chi-square test or Fisher exact probability calculations. P < 0.05 was considered
statistically signi�cant.

Results
There was no statistically signi�cant difference in general conditions between the two groups (P > 0.05),
as shown in Table 1.
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Table 1
Comparison of general conditions between the two groups

Group Group O (n = 30) Group S (n = 30) P Value

gender(male/female) 20/10 21/9 0.781

age(years old) 71.8 ± 9.6 72.9 ± 9.2 0.652

height(cm) 164.2 ± 7.0 163.8 ± 8.0 0.810

weight(kg) 59.2 ± 9.4 58.6 ± 10.2 0.840

 
There was no signi�cant difference in serum IL-6 and IL-10 concentrations at T1 and T2 between the two
groups (P > 0.05). Compared with Group S, serum IL-6 concentration decreases and IL-10 concentration
increases at T3 and T4 in Group O. In group O, the serum IL-6 concentration at T3 and T4 was lower than
it was at T1, with a statistically signi�cant difference (P < 0.05), as shown in Table 2.

Table 2
Comparison of serum IL-6 and IL-10 concentrations between the two groups

Indicator IL-6(pg/ml) IL-10(pg/ml)

Group Group O(n = 
30)

Group S(n = 
30)

P
Value

Group O(n = 
30)

Group S(n = 
30)

P
Value

T1 158.8 ± 26.7 155.4 ± 27.0 0.628 14.6 ± 3.8 14.2 ± 3.3 0.676

T2 145.5 ± 27.0 158.3 ± 24.1 0.058 16.0 ± 4.0 14.5 ± 3.3 0.120

T3 142.8 ± 26.7ab 162.6 ± 21.7 0.003 15.7 ± 3.7b 13.2 ± 3.4 0.010

T4 141.9 ± 24.8ab 159.3 ± 26.3 0.011 15.3 ± 4.0b 13.1 ± 3.7 0.028

Note: Compared with T1, aP<0.05; Compared with Group S, bP<0.05

 
There were no statistically signi�cant differences between the two groups in postoperative respiratory
depression, incidence of agitation in the wake period, resuscitation time and postoperative hospital stay
(P > 0.05). The incidence of postoperative nausea, vomiting and pulmonary in�ammation in group O was
lower than that in group S, with statistically signi�cant differences (P < 0.05), as shown in Table 3.
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Table 3
Comparison of adverse events related to analgesia, pulmonary in�ammation and

postoperative hospital stay between the two groups [cases (%)]
Group Group O Group S P Value

Nausea,% 3(10.0)a 11(36.7) 0.015

Emesis (%) 1(3.3)a 7(20.0) 0.026

Respiratory depression 0(0) 0(0)  

restlessness during the waking period 1(3.3) 3(10.0) 0.306

Awakening time 68.3 ± 10.5 64.5 ± 10.4 0.164

Occurrence of pulmonary in�ammation 5(16.7)a 12(40.0) 0.042

Postoperative hospital stay 15.1 ± 6.9 15.0 ± 4.2 0.912

Note: Compared with Group S, aP<0.05

 
At each time point, the NRS score in group O was lower than that in group S. At 6 and 24 hours after
surgery, the NRS score of incision pain in group O was lower than that in group S, with a statistically
signi�cant difference (P < 0.05), as shown in Table 4. There was no signi�cant difference in the Ramsay
sedation score between the two groups (P > 0.05), as shown in Table 5.
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Table 4
Comparison of NRS scores between the two groups after extubation

Indicator Visceral pain NRS Incision pain NRS

Group Group O(n = 
30)

Group S(n = 
30)

P
Value

Group O(n = 
30)

Group S(n = 
30)

P
Value

1 min 0.9 ± 1.2a 2.2 ± 1.2 0.000 1.0 ± 1.2 1.1 ± 0.7 0.893

5 min 1.1 ± 1.2a 2.6 ± 1.2 0.000 1.2 ± 1.2 1.2 ± 0.8 0.780

10 min 1.0 ± 1.0a 2.9 ± 1.2 0.000 1.2 ± 0.9 1.4 ± 0.9 0.305

30 min 1.1 ± 1.1a 3.0 ± 1.4 0.000 1.3 ± 1.0 1.7 ± 0.9 0.140

1 h 1.3 ± 0.9a 2.9 ± 1.0 0.000 1.4 ± 0.9 1.8 ± 0.9 0.075

6 h 1.6 ± 0.8a 3.3 ± 1.1 0.000 1.7 ± 0.8 2.1 ± 0.8 0.119

24 h 1.8 ± 1.0a 3.3 ± 1.2 0.000 1.9 ± 0.9a 2.4 ± 0.8 0.038

48 h 1.8 ± 1.0a 3.3 ± 1.2 0.000 1.9 ± 0.9a 2.4 ± 0.8 0.025

Note: Compared with Group S, aP<0.05

 
Table 5

Comparison of Ramsay sedation scores between the two
groups after extubation

Indicator Ramsay Sedation scores

Group Group O(n = 30) Group S(n = 30) P Value

1 min 2.7 ± 0.7 2.9 ± 0.9 0.460

5 min 2.5 ± 0.6 2.7 ± 0.8 0.226

10 min 2.1 ± 0.4 2.3 ± 0.6 0.202

30 min 2.0 ± 0.2 2.1 ± 0.3 0.155

60 min 2.0 ± 0.2 2.0 ± 0.0 0.329

Discussion
The results of this study showed that the concentration of serum IL-6 in Group O was lower than that in
Group S and the concentration of serum IL-10 was higher than that in Group S at T3 and 4. In addition, in
Group O, the concentration of serum IL-6 at T3 and 4 was lower than that at T1, and the concentration of
serum IL-10N was higher than that at T1. Furthermore, the incidence of postoperative pulmonary
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in�ammation in group O was lower than that in group S, suggesting that oxycodone can inhibit the
release of serum IL-6, promote the release of serum IL-10, regulate the level of in�ammatory factors and
reduce postoperative in�ammatory reaction. At the same time, the NRS score of visceral pain in group O
was lower than that in group S at all time points, and the NRS score of incision pain in group O was lower
than that in group S at 6 and 24 hours after extubation, suggesting that oxycodone has a better analgesic
effect than sufentanil, especially for visceral pain, and the analgesic effect lasts longer than sufentanil.
After a single intravenous administration of oxycodone, the analgesic duration was 4 ~ 5 hours. In this
experiment, the NRS scores of visceral pain and incision pain in group O were lower than those in group S
at 24 and 48 hours after extubation, which may be related to oxycodone regulating in�ammatory factors
in vivo. In this study, the incidence of nausea and vomiting in group O is lower than that in group S,
suggesting that oxycodone can exert a better analgesic effect, and the incidence of postoperative nausea
and vomiting is lower than that of sufentanil.

There are several research articles [15, 16, 17, 18] about the e�cacy and safety of using oxycodone for
elderly patients' analgesia that have similar �ndings to our research. Compared with common opioids,
oxycodone has the advantage of having a better analgesic effect, especially for visceral analgesia, when
used for relieving moderate and severe pain, with fewer adverse reactions, stable vital signs and a high
level of safety. Elderly patients may often suffer from other chronic pain. In the referenced articles,
oxycodone was also used for alleviating chronic pain in the elderly patient, in the form of long-term oral
oxycodone capsules (or through a gastrointestinal tube for those who have di�culty swallowing). This
makes us wonder whether we can also increase the administration forms of controlled-release
oxycodone, or even replace intravenous administration to improve the ease of use of the medication and
reduce its cost. There are reports that oxycodone MEAC can act faster when a higher dose is used, and a
background infusion of 1 mg*h− 1 can be effective when PCA is injected intravenously after an operation.
However, rescue analgesic drugs may still be needed two hours after the operation.[19] The main reason is
that it takes a long time to take effect, so it needs to be administered in advance when it is given
intravenously. The speci�c lead time cannot be worked out clearly from this experiment.

According to previous research, chronic oxycodone administration will also cause a large number of
changes in the expression of in�ammation/immunity related genes without a bacterial or viral infection.
[20] This provides a good research direction for us to study the effect of oxycodone on postoperative
in�ammation in the elderly. In accordance with previous research, we also found that oxycodone can
promote the release of anti-in�ammatory factor serum IL-10 and inhibit the release of pro-in�ammatory
factor serum IL-6 after laparoscopic radical gastrectomy in the elderly. This should be for the same
reason as the inhibition of TNF-α measured after taking oxycodone in advance.[21]

Conclusion
In conclusion, the incidence of nausea and vomiting in group O is lower than that in group S, suggesting
that oxycodone can exert a better analgesic effect, and the incidence of postoperative nausea and
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vomiting is lower than that of sufentanil.

The limitations of this experiment

1. Before the experiment, the pain areas of the patients who participated in the experiment were not
screened once.

2. A possible in�uence of the anaesthetic drugs on the effects of sufentanil and oxycodone during an
operation has not been ruled out, because we still know little about the in�uencing factors of
oxycodone pharmacokinetics [20]. Thus, we cannot rule out the possibility of mutual in�uence.

3. Perioperative nursing and the environment after returning to the ward, which could not be controlled
in this experiment, may also have an in�uence on a patient’s pain and in�ammation.
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