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	 Background:	 The aim of the present study was to evaluate the effects of different doses of oxycodone during endoscopic 
injection sclerotherapy (EIS) for esophageal varices with painless sclerosing agents.

	 Material/Methods:	 A total of 119 patients were randomly divided into 3 groups: Group A, midazolam and 0.075 mg/kg oxycodo-
ne (n=40); Group B, midazolam and 0.1 mg/kg oxycodone (n=40); and Group C, midazolam and 0.125 mg/kg 
oxycodone (n=39). The main observation index was the incidence of body movement during the perioperative 
period. The secondary indices were additional propofol usage; postoperative analgesic usage; other adverse 
effects, such as hypoxia, myoclonus, and cough; and satisfaction scores for surgeons and patients.

	 Results:	 The incidence rates for body movement during the perioperative period in groups A, B, and C were 33%, 
13%, and 0, respectively (P<0.001). The satisfaction scores for surgeons and patients were highest in Group C 
(0.125 mg/kg oxycodone). The incidence rates for hypoxia before EIS were 15%, 8%, and 33% (P=0.026) and 
during EIS were 23%, 3%, and 0% (P<0.001), respectively. There were no significant between-group differenc-
es with respect to other adverse effects.

	 Conclusions:	 The ideal dose of oxycodone for perioperative analgesia during EIS for esophageal varices is 0.125 mg/kg.
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Background

Esophageal varices are common in patients with cirrhosis. In 
early-stage disease, endoscopic injection sclerotherapy (EIS) 
typically is used to treat esophageal varices. Because patients 
with it often have impaired liver function, however, normal 
doses of sedatives and opioids can cause serious adverse ef-
fects [1-3]. Nevertheless, during EIS, good immobilization of 
patients is required, which necessitates relatively deep anal-
gesia and sedation [4]. As a dual opioid receptor agonist, oxy-
codone has complete affinity for the μ-opioid receptor and a 
lower affinity for the k-opioid receptor.

In one of our previous studies, oxycodone was shown to have 
a better analgesic effect and lower incidence of complications 
such as hypoxia than sufentanil during EIS in patients with 
esophageal varices; this indicated that oxycodone adminis-
tered in combination with midazolam was a better analgesic 
method for EIS [5]. Other studies also have demonstrated that 
oxycodone can effectively attenuate visceral pain and is a suf-
ficient analgesic for the esophagus [6,7]. However, the ideal 
dose of oxycodone for EIS analgesia is still unclear. In our pre-
vious study, we used 0.1 mg/kg of oxycodone for periopera-
tive analgesia. It is not clear whether lower or higher doses of 
oxycodone confer more advantages. In the present study, we 
sought to evaluate the effects of different doses of oxycodone 
(0.075, 0.1, and 0.125 mg/kg) for perioperative analgesia dur-
ing EIS for esophageal varices with painless sclerosing agents.

Material and Methods

The present study was approved by the Institutional Review 
Board of the Beijing YouAn Hospital, Capital Medical University 
(Institutional Review Board #201410 and #2020055). The tri-
al was registered prior to patient enrollment at chictr.org.cn 
(ChiCTR-IPR-16010124; principal investigator Quanzhefeng; date 
of registration, December 12, 2016). All participants provid-
ed written informed consent before enrollment and the study 
was performed in accordance with the Declaration of Helsinki.

Sample size Calculation

Sample size was calculated with the Cochran-Armitage test for 
trend using STATA/MP software, version 16.0 (Stata Corporation, 
College Station, Texas, United States). In the preliminary exper-
iment, the incidence rates for extremity movement in groups 
A, B, and C were 30% (12/40), 15% (6/40) and 5% (2/40), re-
spectively. The sample size was calculated as 36 for each group 
with a=0.05 and power (1-b)=0.8. Considering the dropout rate 
(approximately 10%), the sample size was determined to be 
40 patients per group.

Study Population and Design

For the present study, 120 patients with liver disease who under-
went elective EIS between December 2016 and September 2019 
at the Beijing You’an Hospital of the Capital Medical University 
were recruited. Inclusion criteria were age between 18 and 65 
years, body mass index between 18 and 25 kg/m2, and American 
Society of Anesthesiologists grades I to III. Exclusion criteria were 
epilepsy, adrenocortical insufficiency, psychiatric disorder, cur-
rent exposure to medication affecting the central nervous sys-
tem, allergy to oxycodone, receipt of general anesthesia within 
the preceding 7 days, and being pregnant. Before EIS, an anes-
thetist who did not participate in the study used a computer-
generated table to randomly allocate the enrolled patients to 3 
groups: 0.075 mg/kg, 0.1 mg/kg, and 0.125 mg/kg of oxycodone.

Patients underwent routine fasting and received no preop-
erative medication. Ten to 15 minutes before the endoscopy, 
10 mL of lidocaine hydrochloride jelly (Kangye Pharmaceutical 
Co., Ltd., Handan, China) was applied. Heart rate, blood pres-
sure, and SpO2 were continuously monitored. Peripheral venous 
access was established. All patients were given oxygen with 
a conventional oxygen mask (flow rate: 4 L/min). Oxycodone 
(Batch number BM201; Napp, UK) was diluted to a concen-
tration of 0.5 mg/mL in a 20-mL syringe and distributed by 
the anesthesia nurse, who was blinded to the group identi-
ty. The anesthetist administered 0.075, 0.1, and 0.125 mg/kg 
oxycodone to patients in groups A, B, and C, respectively, for 1 
min. After 2 min, all patients were administered 0.1 mg/kg of 
midazolam for 1 min. After 5 min, the Overall Assessment of 
Alertness/Sedation Scale (OAA/S) was used by the anesthesi-
ologist to assess patients. A score of 5 points indicated rapid 
response to the normal intonation; 4 points, sluggish response 
to normal intonation; 3 points, response to loud or repeated 
calling out of the name; 2 points, response to mildly pushing 
the shoulder or head; and 1 point, no response to mild push-
ing. Patients who whose score was >1 received 10 to 30 mg 
of propofol, with the dose dependent on each individual’s sit-
uation. If a patient’s OAA/S score was <1, EIS was performed.

Flumazenil (0.3 mg) was administered intravenously (IV) at 
the end of the EIS procedure. All operations were performed 
by a skilled senior physician using an Olympus CV260 gastro-
scope (Olympus Optical Co., Ltd., Tokyo, Japan). When periop-
erative cough and limb movement occurred, an additional 10 
to 30 mg of propofol was administered. For patients with SpO2 
≤92%, the gastroscope mask was pressurized with oxygen us-
ing the jaw thrust technique. Hypotension (defined as a >30% 
decrease in mean arterial pressure [MAP] from the baseline 
level) was treated with 5 mg of IV ephedrine. Hypertension 
(defined as a >30% increase in MAP from the baseline level) 
was treated with 5 mg of IV nimidane. Bradycardia (defined as 
a heart rate <50/min) was treated with 0.5 mg of IV atropine.
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Observation Indices

The primary observation index was limb movement during 
the operation. The secondary observation index was the inci-
dence of hypoxia (defined as SPO2 £92%), propofol bolus, re-
medial analgesia (intramuscular administration of meperidine 
hydrochloride), adverse effects (intraoperative hypertension, 
hypotension, postoperative myoclonus, cough, nausea, vom-
iting, lethargy, or dizziness), and satisfaction of surgeons and 
patients (poor, fair, good, very good).

Statistical Analysis

Data analysis was performed with Minitab software, version 
19.0 (Minitab LLC, State College, Pennsylvania, United States) 
and RStudio software, version 1.1.456 (RStudio Inc., Boston, 
Massachusetts, United States). The Anderson-Darling test was 
used to check the normality of data. Normally distributed vari-
ables are presented as mean±SD. Non-normally distributed 

variables are presented as medians with interquartile ranges. 
A 2-sample, independent, unpaired t test or Mann-Whitney U 
test was used to assess between-group differences. A Cochran-
Armitage test for trend was used to evaluate the trend in inci-
dence rates among groups, while the incidence rates between 
groups were compared with a Fisher exact test. P<0.05 was 
considered statistically significant.

Results

Of the 120 patients recruited for the present study, 1 was ex-
cluded due to a history of opioid use. The remaining 119 pa-
tients were randomly divided into 3 groups and completed the 
study. There were no significant between-group differences 
with respect to baseline characteristics (Table 1).

The primary observation index was the incidence of limb 
movement. The incidence rates in groups A, B, and C were 

Parameter Group A (n=40) Group B (n=40) Group C (n=39)

Age (year) 	 50.2±9.3 	 49.1±7.9 	 49.8±9.5

Sex (Male/Female) 28/12 26/14 20/19 

Height (cm) 	 165.6±4.6 	 166.3±6.1 	 165.5±5.8

Weight (kg) 	 65.1±6.1 	 64.7±5.7 	 65.5±8.0

ASA (I/II/III) 7/31/2 10/29/1 4/32/3

Duration of gastroscopy (min) 	 16.4±3.9 	 15.8±3.4 	 15.4±3.6

Table 1. Baseline characteristics of the patients.

ASA – American Society of Anesthesiologists.

Parameter
Group A 
(n=40)

Group B 
(n=40)

Group C 
(n=39)

P (Cochran-Armitage 
trend test)

Limb movement (%) 	 13	 (32.5)a 	 5	 (12.5) 	 0 <0.001

Hypoxia before EIS (%) 	 6	 (15.0)b,c 	 3	 (7.5) 	 13	 (33.3) 0.026

Hypoxia during EIS (%) 	 9	 (22.5) 	 1	 (2.5) 	 0 <0.001

Myoclonus (%) 	 0 	 0 	 0 0.623

Cough (%) 	 0 	 0 	 1	 (2.6) 0.328

Bradycardia (%) 	 0 	 1	 (2.5) 	 2	 (5.0) 0.142

Hypotension (%) 	 0 	 2	 (5.0.) 	 2	 (5.0) 0.175

Nausea and vomiting (%) 	 3	 (7.5) 	 2	 (5.0) 	 5	 (12.8) 0.263

Drowsiness (%) 	 0 	 0 	 1	 (2.6) 0.328

Dizziness (%) 	 0 	 1	 (2.5) 	 0 0.664

Table 2. Comparison of adverse effects among the 3 groups.

a P<0.001 vs Group C; b P=0.014 vs Group B; c P=0.002 vs Group C.
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32.5%, 12.5%, and 0, respectively (P<0.001). The incidence 
rates for hypoxia before EIS (secondary observation index) in 
the 3 groups were 15%, 8%, and 33%, respectively (P=0.026). 
The incidence rates for hypoxia during EIS in the groups were 
33%, 13%, and 0, respectively (P<0.001). There were no sig-
nificant differences with respect to other adverse effects, in-
cluding myoclonus, cough, bradycardia, hypotension, nausea 
and vomiting, drowsiness, and dizziness (Table 2).

The proportions of patients who required propofol bolus be-
fore the EIS in groups A, B, and C were 35%, 22.5%, and 2.6%, 
respectively (P<0.001). During EIS, the proportions of patients 
in the groups who required propofol bolus were 32.5%, 12.5%, 
and 0, respectively (P<0.001). The proportions of patients who 
required additional analgesic drugs in groups A, B, and C were 
27.5%, 7.5%, and 10%, respectively (P=0.032) (Table 3).

The proportions of surgeons in groups A, B, and C who rated 
their satisfaction “very good” were 52.5%, 77.5%, and 97%, re-
spectively (P<0.001). The satisfaction scores among surgeons 
were the lowest in Group A and the highest in Group C (Table 4).

The percentages of patients in groups A, B, and C who rated 
their satisfaction “fair” were 37.5%, 10%, and 5.1%, respec-
tively (P<0.001). Patients in Group A had the lowest satisfac-
tion scores (Table 5).

Discussion

In the present study, midazolam was the main sedative used 
and propofol was the auxiliary sedative. The use of propo-
fol was avoided or minimized owing to its adverse effects 
on the respiratory and circulatory systems. Administration 

Parameter
Group A 
(n=40)

Group B 
(n=40)

Group C 
(n=39)

P (Cochran-Armitage 
trend test)

Very good (%) 	 21	 (52.5)a,b 	 31	 (77.5)c 	 38	 (97) <0.001

Good (%) 	 7	 (17.5) 	 9	 (22.5)d 	 1	 (2.6) 0.061

Fair (%) 	 10	 (25)e,f 	 0 	 0 <0.001

Poor (%) 	 2	 (5) 	 0 	 0 0.084

Table 4. Comparison of physician satisfaction among the 3 groups.

a P=0.034 vs Group B; b P<0.001 vs Group C; c P=0.014 vs Group C; d P=0.014 vs Group C; e P<0.001 vs Group B; f P<0.001 vs Group B.

Parameter
Group A 
(n=40)

Group B 
(n=40)

Group C 
(n=39)

P (Cochran-Armitage 
trend test)

Propofol, before EIS

	 Total 	 14	 (35.0)a 	 9	 (22.5)b 	 1	 (2.6) <0.001

	 10 mg 	 1	 (2.5) 	 7	 (17.5) 	 1	 (2.6) 0.974

	 20 mg 	 3	 (7.5) 	 2	 (5.0) 	 0 0.099

	 30 mg 	 10	 (25.0)c,d 	 0 	 0 <0.001

Propofol, throughout EIS

	 Total 	 13	 (32.5)e 	 5	 (12.5) 	 0 <0.001

	 10 mg 	 4	 (10.0) 	 4	 (10.0) 	 0 0.078

	 20 mg 	 6	 (15.0)f 	 1	 (2.5) 	 0 0.005

	 30 mg 	 3	 (7.5) 	 0 	 0 0.033

Postoperative additional analgesics 	 11	 (27.5)g 	 3	 (7.5) 	 4	 (10.0) 0.032

Table 3. Comparison of propofol bolus among the 3 groups.

a P<0.001 vs Group C; b P=0.014 vs Group C; c P<0.001 vs Group B; d P<0.001 vs Group C; e P<0.001 vs Group C; f P=0.026 vs Group C; 
g P=0.037 vs Group B.
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of midazolam in combination with propofol has been shown 
to decrease the incidence of respiratory depression as com-
pared to that induced by use of propofol alone [8]. The com-
bination also can be used with flumazenil to induce quick re-
covery from sedation.

The incidence rates for limb movement in groups A, B, and C 
were 33%, 13%, and 0, respectively. The best analgesic effect 
was observed in Group C. However, the incidence of hypoxia 
in Group C before EIS was up to 33%, which was significant-
ly higher than that in groups A (15%) and B (7.5%); this may 
be related to the higher dose of oxycodone used in Group C. 
The incidence of complications was also increased in Group 
C [9-11]. However, there was no hypoxia in Group C during EIS 
at 8 min after the administration of oxycodone, which may 
be related to the 1- to 3-min and 4- to 6-min times for onset 
and peak effect of oxycodone, respectively [12-16]. In previous 
studies, the incidence of hypoxia induced by oxycodone was 
highest within 8 min after IV infusion [17]. The onset time for 
midazolam is 30 to 60 s, and it reaches a peak in 4 min. This 
is also the main reason that the surgeons in Group C had the 
highest satisfaction scores. The incidence of hypoxia in Group 
A was 23%, which may be related to the addition of propo-
fol during EIS. However, higher doses of oxycodone did not 
cause more complications than lower doses of the drug [18].

Currently, oxycodone is widely used in day surgery because 
of its unique advantages [19,20], especially for painless gas-
troscopy [5,21]. However, there is a paucity of studies on the 
use of oxycodone during EIS.

In the present study, the rate of propofol use before EIS in Group 
C was significantly lower than that in the other 2 groups, which 
may be related to the significant increase in sedative effect 
of oxycodone in Group C. During EIS, the dosage of propofol 
was the lowest in Group C and the highest in Group A, which 

was related to the less effective perioperative analgesia with 
low-dose oxycodone and need for the addition of propofol. In 
addition, the patients in Group A required significantly more 
postoperative analgesia than those in groups B and C, which 
is why the satisfaction scores for postoperative analgesia were 
significantly higher in groups B and C than in Group A. There 
was no significant difference between groups B and C in post-
operative analgesia requirement. There was also no difference 
between the 2 groups in patient satisfaction (fair+poor) (Group 
B, 7/40, 18%; Group C, 4/39, 10%), which may be due to the 
fact that a single dose of oxycodone before EIS did not provide 
adequate postoperative analgesia in patients undergoing EIS.

The limitations of the present study are that the injection sites 
in each patient differed and the sclerotherapy doses varied, 
depending upon the location and severity of the esophageal 
varices. In addition, although all of the endoscopic procedures 
were performed by skilled senior surgeons, there were still dif-
ferences in their individual levels of manual dexterity.

In conclusion, midazolam administered in combination with 
0.125 mg/kg of oxycodone was the dosage most conducive 
to meeting surgeons’ needs for adequate patient immobiliza-
tion during EIS for esophageal varices and was not associated 
with an increased incidence of perioperative adverse effects.

Conclusions

The present study suggests that 0.125 mg/kg of oxycodone 
is the effective dose for providing perioperative analgesia for 
EIS of esophageal varices.
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Parameter
Group A 
(n=40)

Group B 
(n=40)

Group C 
(n=39)

P (Cochran-Armitage 
trend test)

Very good (%) 	 6	 (15.0) 	 9	 (22.5) 	 12	 (30.7) 0.096

Good (%) 	 14	 (35.0)a,b 	 24	 (60.0) 	 23	 (64.1) 0.033

Fair (%) 	 15	 (37.5)c,d 	 4	 (10.0) 	 2	 (5.1) <0.001

Poor (%) 	 5	 (12.5) 	 3	 (7.5) 	 2	 (5.1) 0.239

Table 5. Comparison of patient satisfaction among the 3 groups.

a P=0.043 vs Group B; b P=0.043 vs Group C; c P=0.008 vs Group B; d P<0.001 vs Group C.
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