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ABSTRACT

Background: Effective postoperative pain management is crucial for patients undergoing endoscopic submu-
cosal dissection (ESD) for early esophageal carcinoma. Traditional analgesia methods involve oxycodone or
sufentanil administration. However, the efficacy of oxycodone in this context remains uncertain. This study aims
to explore the transitional analgesia with oxycodone and sufentanil in ESD patients under sufentanil general
anesthesia.

Methods: 86 patients scheduled for ESD under sufentanil general anesthesia were randomly assigned to oxy-
codone (O group, n = 29), sufentanil (S group, n = 30), or normal saline (N group, n = 26). Before surgery com-
pletion, O group received oxycodone (0.1 mg/kg), S group received sufentanil (0.1 ug/kg), and N group received
saline. Patient conditions, anesthetic medication, vital signs, recovery duration, decannulation time, adverse re-
actions, Visual Analog Scale (VAS) scores, and pain relief incidence were recorded.

Results: O group showed reduced VAS scores post-surgery compared to S and N groups. S group had reduced
VAS scores postoperative 0 h and 12 h at rest compared to N group. No significant differences were observed
in patient conditions or intraoperative anesthetic dosages. O group had prolonged recovery and decannulation
times but similar overall recovery. No significant differences in severe vomiting were noted.

Conclusion: Transitional analgesia with oxycodone and sufentanil provided more prolonged and comprehen-
sive postsurgical analgesia compared to sufentanil in ESD patients, with no significant side effects. These find-
ings inform transitional analgesia strategies in this patient population.

Keywords: Postoperative pain; Esophageal ESD; Oxycodone; Sufentanil

Abbreviations: ASA: American Society of Anesthesiologists; ANOVA: One-Way Analysis of Variance; BIS: Bispec-
tral Index; BMI: Body Mass Index; BP: Blood Pressure; CONSORT: Consolidated Standards of Reporting Trials;
ECGs: Electrocardiograms; ESD: Endoscopic Submucosal Dissection; HR: Heart Rate; MAP: Mean Arterial Pres-
sure; NBP: Noninvasive Blood Pressure; N group: Normal Saline Group; O group: Oxycodone Group; S group:
Sufentanil Group; PONV: Postoperative Nausea and Vomiting; SPO2: Pulse Oxygen Saturation; VAS: Visual Analog
Scale
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Background

Esophageal cancer, characterized by its malignant nature and
prevalence, arises from the esophageal epithelium, posing a signifi-
cant clinical challenge due to its insidious symptoms [1]. The diag-
nosis of early esophageal carcinoma remains intricate, but advance-
ments in digestive endoscopy, particularly endoscopic submucosal
dissection (ESD), have substantially improved diagnostic rates and
therapeutic efficacy, particularly in cases of early esophageal cancer.
ESD offers the advantages of low trauma, high resection rates, and
enhanced safety [2].
pain following ESD is a frequently overlooked clinical complication
[3]- The potential for moderate to severe pain [4] not only extends
hospitalization but also adversely impacts the quality of life for af-
fected individuals [5]. Timely intervention during the perioperative
period is crucial to mitigate the risk of significant post-ESD pain in
patients with early esophageal cancer. Sufentanil [6], a primary drug
for general anesthesia and postoperative analgesia, primarily targets
u receptors, exhibiting well-established analgesic efficacy and safety
[7]. However, escalating drug dosages may lead to undesirable side
effects such as respiratory depression [8], nausea, vomiting, and uri-

Despite these advancements, postoperative

nary retention [9]. Oxycodone, a semi-synthetic opioid derived from
tiabaine, activates pu receptors, effectively alleviating acute incision
pain [10]. Moreover, its activation of k receptors, widely distributed
in visceral smooth muscles, raises the threshold of visceral pain [11].
Despite debates on oxycodone’s efficacy in clinical practice, animal
experiments and clinical studies support its superiority [12], leading
to its increased perioperative use. In comparison to sufentanil, oxy-
codone boasts a quicker onset and prolonged action duration [13].
Combining oxycodone with sufentanil may mitigate adverse reactions
while enhancing overall benefits [14]. Although ESD is minimally in-
vasive, acute incision pain and visceral pain remain common in clin-
ical scenarios [15], demanding effective resolution. A noticeable gap
exists in the literature concerning oxycodone’s application for transi-
tional analgesia in patients with early esophageal carcinoma under-
going ESD under general anesthesia.

This study aims to establish the hypothesis that sufentanil can
effectively alleviate postoperative pain in ESD patients with early
esophageal carcinoma. Additionally, we seek to compare the analgesic
effects of oxycodone with those of sufentanil in patients undergoing
ESD under general anesthesia. Through this investigation, we aim to
contribute valuable insights to the optimal perioperative manage-
ment of pain in this specific patient population.

Materials and Methods

The present study received approval from the Institutional Re-
search Ethics Committee of Wuxi People’s Hospital, Nanjing Medical
University, and was registered in the Chinese Clinical Trial Registry
(ChiCTR2400083623). Informed written consent was obtained from
all eligible patients. The study adhered to the principles outlined in

the Helsinki Declaration and followed the Consolidated Standards of
Reporting Trials (CONSORT) guidelines. A total of 96 adult patients
with American Society of Anesthesiologists (ASA) physical status [
or II, scheduled for elective endoscopic submucosal dissection (ESD)
under general anesthesia at the Affiliated Wuxi People’s Hospital of
Nanjing Medical University between June 2022 and May 2023, were
recruited. Exclusion criteria included severe systemic diseases, heart
disease, hepatopathy or nephropathy, coagulation dysfunction, sub-
mucosal infiltration, acute or chronic pain, alcohol or opioid depen-
dence, and allergy to trial agents. Patients were randomly assigned
into the oxycodone group (Group 0), sufentanil group (Group S), and
saline group (Group N) using a computer-generated randomization
list, ensuring no premedication. Routine monitoring in the operating
theater included noninvasive blood pressure (NBP), pulse oxygen
saturation (SP02), electrocardiograms (ECGs), and bispectral index
(BIS). Cannulation via the median cubital vein of the forearm with
a 20G venous trocar needle was performed, followed by induction
of general anesthesia with midazolam 2 mg, sufentanil (0.4 pug/kg),
propofol (2.5 mg/kg), and cis-atracurium (0.25 mg/kg).

Endotracheal intubation was carried out five minutes later using
a Glide Scope. Maintenance of general anesthesia involved propofol
(4-6 mg/kg/h), remifentanil (0.1-0.3 pg/kg/min), and cis-atracu-
rium as needed, with anesthesia targeted to maintain BIS between
40 and 60, ensuring no body movements throughout the operation.
Blood pressure (BP) and heart rate (HR) were stabilized within +
20% of baseline. Thirty minutes before the operation’s conclusion,
oxycodone 0.1 mg/kg (diluted to 1 mg/ml with normal saline) was
administered in Group O, sufentanil 0.1 pg/kg (diluted to 0.1 pg/ml
with normal saline) in Group S, and an identical volume of normal
saline in Group N. Mean arterial pressure (MAP), heart rate (HR),
and pulse oxygen saturation (SPO2) were recorded at various time
points: T1 (baseline, prior to general anesthesia), T2 (30 min before
the operation’s termination, at the time of analgesic administration),
T3 (end of operation), and T4 (5 min after intubation before returning
to the inpatient department). Anesthetic dosages and postoperative
reactions were documented, including depressed respiration, vertigo,
lethargy, delayed emergence, and restlessness. Postoperative incision
pain was assessed using the Visual Analog Scale (VAS) at T1, T2, and
T3. Additionally, the incidence of postoperative nausea and vomiting
(PONV) and remedial analgesia within 24 hours postoperatively were
recorded.

Statistical Analysis

GraphPad software (Boston, USA) was utilized for the statistical
analysis of the data obtained in this study. Normal distribution of the
presented data was assessed using the Kolmogorov-Smirnov test.
Measurement data are expressed as the mean +* standard deviation,
and intergroup differences were assessed using One-way Analysis of
Variance (ANOVA). Additionally, the data were characterized using in-
terquartile range. Categorical data, presented as absolute or relative
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effect sizes, were analyzed using the chi-square test or Fisher’s exact
test. A significance level of P < 0.05 was considered statistically sig-
nificant.

Results

A total of 96 adult patients with ASA physical status I or II, aged
between 55 and 78 years, weighing 47.5-93 kg, and with BMIs rang-
ing from 15.3 to 29 kg/m2, were initially enrolled in the study. Three
patients did not meet the inclusion criteria, and an additional three
patients were excluded for other reasons, as illustrated in Figure 1.
Consequently, 90 patients were enrolled, but one failed to follow up
due to the inability to describe postoperative pain. In the oxycodone
group, 29 patients were included, while 30 patients were recruited in

the sufentanil group. In the control (normal saline) group, one patient
failed to follow up due to intraoperative esophageal perforation, one
patient presented with postoperative bleeding, and one was unable to
describe postoperative pain, resulting in 27 cases ultimately included
(Figure 1). The characteristics of the patients, as well as surgery and
anesthesia profiles, were compared among the groups, revealing no
statistically significant differences (p > 0.05) (Table 1). Medication
quantities and perioperative complications are detailed in Table 2,
with no observed statistical significance among the groups. No signif-
icant differences were noted in mean arterial pressure (MAP), heart
rate (HR), pulse oxygen saturation (SP02), and bispectral index (BIS)
at time points T1, T2, T3, and T4 (Table 3).

Assessed for eligibility (n=96 )

Excluded (n=16)

e

» Not meeting inclusion criteria (n=3)
* Other reasons(n=3)

Lost to follow-up
+ Failed to express pain (n=1)

Randomized (n=90)
Allocation
Allocated to oxycodone group Allocated to sufentanil group Allocated to saline group
(n=30) (n=30) (n=30)
Follow-Up
Lost to follow-up

Lost to follow-up
(n=0)

* Postoperative bleeding(n=1)
* Failed to express pain (n=1)

Analysis

Analyzed (n=29)

Analyzed (n=30)

Analyzed (n=27)

Figure 1: CONSORT flow diagram.
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Table1: Demographic characterization of the patients, data were expressed as mean+SD, Group O Group Oxycodone, Group S Group Sufentanil,
Group N normal saline group; BMI body mass index, ASA American Society of Anesthesiologists physical status.

Group O (29) Group S (30) Group N (27) P-values

Age (yr) 66.6+6.0 65.5+5.7 63.7+5.6 0.309

Male/Female 25/4 28/2 28/1 0.438

Height (cm) 167.7+6.8 166.9+7.6 170.3+4.8 0.134

Weight (kg) 66.5+8.7 64.4+10.3 68.8+9.9 0.124

BMI (kg m?) 23.9+2.2 23.4+10.3 22.843.2 0.323

ASA physical status (I/11) 14/15 18/12 14/13 0.351

Pathological areas (cm?) 7.9+4.7 7.8+4.2 7.6x2.9 0.946

Duration of surgery (min) 78.1425.2 79.2419.8 73.3£19.9 0.581

Duration of anesthesia (min) 86.4£30.5 85.6+21.7 79.6%22.5 0.640

Table 2: Medication Quantities and complications during the treatment, data were expressed as mean+SD. Y yes, N no
Group O (29) Group S (30) Group N (27) P-values

Midazolam (mg) 2 2 0.561
Propofol (mg) 370.7+116.6 346.1+126.5 399.4+122.3 0.864
Remifentanil (mg) 0.6£0.25 0.6£0.22 0.6£0.25 0.653
Cisatracurium (mg) 22.31+3.69 20.83+2.61 20.62+2.08 0.774
Hypertension (Y/N) 3/26 5/25 4/23 0.611
Hypotension (Y/N) 1/28 3/27 2/25 0.851
Tachycardia (Y/N) 2/27 2/28 2/16 0.592
Bradycardia (Y/N) 0/29 1/29 1/26 0.561

Table 3: Comparison of MAP, HR, SpO, and BIS values at different time points, data were expressed as mean+SD. P-value < 0.05 statistically

significant, HR heart rate, MAP Mean arterial pressure, SpO, pulse oxygen saturation, BIS bispectral index.

Groups T1 T2 T3 T4
HR (bpm) Group O (29) 79.5+7.6 68.7+6.5 69.2+6.9 76.5+6.6
Group S (30) 77.2%7.2 70.9+5.8 68.2+7.2 80.3+6.8
Group N (27) 80.3+10.2 66.3+5.9 73.3£6.7 81.449.3
MAP (mmHg) Group O (29) 86.2+8.6 76.2+6.7 80.3+10.7 84.2+6.7
Group S (30) 85.449.1 82.6+7.2 84.2+8.9 88.3£7.1
Group N (27) 88.6+10.4 79.3+6.4 85.6+7.8 90.5+8.4
SpO, (%) Group O (29) 98.8+0.3 99.0+0.3 98.9+0.4 96.3+2.6
Group S (30) 98.2+0.8 99.0+0.7 99.4+0.7 97.4+2.5
Group N (27) 97.9+0.6 99.0+0.7 99.2+0.8 96.4+3.2
BIS Group O (29) 97.3+3.4 40.543.8 54.844.2 74.245.6
Group S (30) 96.8+2.5 44.4+4.2 58.245.2 79.245.9
Group N (27) 95.4+3.4 39.544.2 60.5+6.5 85.4+5.4

No significant differences were noted in mean arterial pressure
(MAP), heart rate (HR), pulse oxygen saturation (Sp0,), and bispec-
tral index (BIS) at time points T1, T2, T3, and T4 (Table 3). Evaluation
of visceral pain at rest or in movement at Oh, 12h, and 24h post-op-
eration revealed notable differences. In the rest state, the sufentanil
group did not exhibit satisfactory analgesic effects at each time point,
whereas the VAS score of the oxycodone group demonstrated signifi-

cant statistical differences compared to the saline group. In the move-
ment state, the sufentanil group showed slightly modest analgesic
effects at Oh and 12h compared to the saline group, with no statisti-
cally significant difference at 24h. Conversely, the oxycodone group
consistently demonstrated potent analgesic effects at each time point,
markedly surpassing the sufentanil group (Figure 2). Figure 3 illus-
trates the quartile of data in each group.
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Figure 2: Postoperative VAS scores at Oh, 12h and 24h in three groups at rest and movement state. In the rest state, the VAS score of sufentanil
group showed no statistic siginificance versus the normal saline group at Oh, 12h and 24h, whereas the VAS score of the oxycodone group
demonstrated significantly decreased compared to the saline group; In the movement state, the VAS scores of the sufentanil group showed
slightly decreased at Oh and 12h compared to the saline group, with no statistically significant difference at 24h; The VAS scores of the oxycodone
group significantly decreased versus the sufentanil group and the normal saline group at each time point.
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Figure 3: The quartile of data in the oxycodone group, the sufentanil group and the normal saline group at rest and movement state at Oh, 12h
and 24h.
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Evaluation of visceral pain at rest or in movement at Oh, 12h, and
24h post-operation revealed notable differences. In the rest state, the
sufentanil group did not exhibit satisfactory analgesic effects at each
time point, whereas the VAS score of the oxycodone group demon-
strated significant statistical differences compared to the saline
group. In the movement state, the sufentanil group showed slightly
modest analgesic effects at Oh and 12h compared to the saline group,
with no statistically significant difference at 24h. Conversely, the oxy-
codone group consistently demonstrated potent analgesic effects at
each time point, markedly surpassing the sufentanil group (Figure 2).
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Figure 3 illustrates the quartile of data in each group. The comparison
of reactions and complications during the recovery period in the three
groups is presented in Table 4. The awakening and decannulation du-
ration of the oxycodone group were slightly longer compared to the
other two groups, showing statistically significant differences (Figure
4). However, no statistically significant differences were observed
Postoperative malignant vomiting (PONV), a serious side effect of opi-
oid medications. Despite the evident difference in postoperative VAS
scores, the utilization rate of postoperative salvage analgesia showed
no statistical significance in each group (Table 5).
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Figure 4: The decannulation time and wake-up time of the oxycodone group were significantly longer compared to the sufentanil group and the

normal saline group.

Table 4: Comparison of reactions and complications during the recovery period, P-value < 0.05 statistically significant.

Reactions and complications Group O (29) Group S (30) Group N (27) P-values
Extubation time (min) 8.7£3.6 6.6+2.1 5.84¢1.9 0.0003
Wake-up time (min) 7.5%3.4 5.4+1.9 5.0+1.8 0.0003
Depressed respiration Feb-27 Feb-28 Jan-26 0.798
Dizziness and drowsiness Mar-26 Feb-28 Feb-25 0.863
Delay of recovery 0/29 0/30 0/27 -
Restlessness in the recovery period 0/29 Feb-28 Feb-25 0.341

Table 5: Comparison of PONV and Remedial analgesia within postoperative 24 hours, P-value < 0.05 statistically significant, PONV postoper-

ative nausea and vomiting.

Complications Group O (29) Group S (30) Group N (27) P-values
PONV 6(20.7%) 4(13.3%) 4(14.8%) 0.761
Remedial analgesia
null 26(89.7%) 25(83.3%) 28(66.7%) 0.192
once 3(10.3%) 3(10%) 6(22.2%)
twice 0(0.0%) 2(6.7%) 3(11.1%)
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Discussion

Patients undergoing endoscopic submucosal dissection (ESD) for
early esophageal cancer commonly experience substantial postoper-
ative pain [16], necessitating effective pain management strategies
[17]. In this study, we explored the analgesic efficacy and side effects
of opioid analgesics, specifically oxycodone and sufentanil, during
ESD surgery. Postoperative pain was assessed at Oh, 12h, and 24h us-
ing Visual Analog Scale (VAS) scores [18]. The results revealed that
the oxycodone group consistently exhibited superior analgesic effects
compared to the sufentanil and saline groups at all time points, re-
gardless of rest or movement status (Figure 2). Quartile descriptive
statistics further indicated that, compared with the sufentanil group,
the oxycodone group demonstrated more significant VAS scores in the
movement state at Oh and 12h postoperatively (Figure 3). Notably,
both oxycodone and sufentanil, as opioid agonists, have been recog-
nized as classic perioperative analgesics, with distinct receptor acti-
vation profiles—oxycodone primarily activating the k receptor [19]
and sufentanil predominantly activating the p receptor [20]. Our find-
ings align with existing research, emphasizing oxycodone’s superior
analgesic effects [21].

The study focused on ESD patients experiencing inherent viscer-
al pain [22], where oxycodone’s k receptor activation demonstrated
efficacy. Administering low doses of both oxycodone (0.1 mg/kg)
and sufentanil (0.1 pg/kg) at 30 minutes post-operation demonstrat-
ed comparable efficacy. Oxycodone exhibited advantages within the
first 24 hours after surgery, showcasing a longer analgesic duration
[23] than sufentanil [24], encompassing the entire 24-hour period,
while sufentanil’s effect lasted only up to 12 hours. Oxycodone also
displayed efficacy in both rest and movement states [25], suggest-
ing improved sleep and sedation at rest, potentially contributing to
better recovery [26]. Additionally, oxycodone demonstrated superior
analgesic effects in the movement state within 12 hours after surgery,
facilitating early patient mobility and accelerating Enhanced Recov-
ery After Surgery (ERAS) recovery [27]. Concerning side effects, de-
cannulation time and recovery time were statistically significant in
the oxycodone group compared to other groups, without causing de-
layed recovery. This could be attributed to oxycodone’s sedative effect
through k receptor activation [28]. Postoperative malignant vomiting
(PONV) [29], a serious side effect in this patient population [30], did
not exhibit statistical differences in the oxycodone group compared
to the other groups. Despite consistent high VAS scores in the saline
group, there were no statistical differences in the utilization rate of
postoperative salvage analgesia. This aspect may warrant further in-
vestigation into the pain relief process in the ward. Sufentanil, while
exhibiting analgesic effects, appeared suboptimal compared to oxy-
codone in this study. Limitations include a predominantly male par-
ticipant population, necessitating further investigation into potential

gender differences in oxycodone metabolism in female patients [31].
Moreover, surgical factors such as lesion location and circumference
ratio, which may influence pain [32], were not comprehensively ex-
plored and warrant future investigation.

Conclusion

In conclusion, our study demonstrates that, when compared with
sufentanil, oxycodone offers more prolonged and comprehensive
analgesic effects in patients undergoing endoscopic submucosal dis-
section (ESD) for early esophageal carcinoma. Importantly, this en-
hanced analgesic efficacy does not come at the cost of increased side
effects. The intravenous injection of oxycodone administered 30 min-
utes prior to the conclusion of the operation consistently provided
superior analgesic effects for patients undergoing ESD under general
anesthesia. This transition from anesthesia with sufentanil to analge-
sia with oxycodone represents a promising clinical approach. Howev-
er, to establish its widespread applicability, further validation through
multi-centered large-sample clinical trials is imperative. These find-
ings contribute valuable insights into optimizing pain management
strategies for patients with early esophageal carcinoma undergoing
ESD, highlighting the role of oxycodone transitionally combined with
sufentanil therapy in enhanced recovery in digestive endoscopic sur-

gery.
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