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ABSTRACT

Introduction: Post-operative pain control
remains unsatisfactory in patients after laparo-
tomy. This study aimed to evaluate the efficacy,
safety, and quality of life with a single dose of
extended-release dinalbuphine sebacate (ERDS)
pre-operatively to intravenous patient-con-

trolled analgesia (PCA) with fentanyl in patients
undergoing laparotomy.
Methods: This was a prospective, open-label,
randomized controlled study. Of 110 random-
ized patients, 107 completed all assessments.
The area under the curve (AUC) of visual ana-
logue scale (VAS) from baseline to 48 h after
surgery, VAS throughout 7 days after surgery,
post-operative analgesics use, quality of life,
satisfaction, and safety were evaluated.

Digital Features To view digital features for this article
go to https://doi.org/10.6084/m9.figshare.12942845.

T.-K. Chang � C.-W. Huang � W.-C. Su � H.-L. Tsai �
C.-J. Ma � Y.-S. Yeh � Y.-C. Chen � C.-C. Li �
J.-Y. Wang (&)
Division of Colorectal Surgery, Department of
Surgery, Kaohsiung Medical University Hospital,
Kaohsiung Medical University, Kaohsiung, Taiwan
e-mail: cy614112@ms14.hinet.net;
jawyuanwang@gmail.com

T.-K. Chang � C.-W. Huang � W.-C. Su � Y.-S. Yeh �
J.-Y. Wang
Graduate Institute of Clinical Medicine, College of
Medicine, Kaohsiung Medical University,
Kaohsiung, Taiwan

C.-W. Huang � H.-L. Tsai � J.-Y. Wang
Department of Surgery, Faculty of Medicine, College
of Medicine, Kaohsiung Medical University,
Kaohsiung, Taiwan

C.-J. Ma
Division of General and Digestive Surgery,
Department of Surgery, Kaohsiung Medical
University Hospital, Kaohsiung Medical University,
Kaohsiung, Taiwan

Y.-S. Yeh
Division of Trauma and Critical Care, Department
of Surgery, Kaohsiung Medical University Hospital,
Kaohsiung Medical University, Kaohsiung, Taiwan

K.-I. Cheng � M.-P. Su
Department of Anesthesiology, Kaohsiung Medical
University Hospital, Kaohsiung Medical University,
Kaohsiung, Taiwan

K.-I. Cheng � M.-P. Su
Department of Anesthesiology, Faculty of Medicine,
College of Medicine, Kaohsiung Medical University,
Kaohsiung, Taiwan

J.-Y. Wang
Center for Cancer Research, Kaohsiung Medical
University, Kaohsiung, Taiwan

J.-Y. Wang
Clinical Pharmacogenomics and
Pharmacoproteomics, School of Pharmacy, Taipei
Medical University, Taipei, Taiwan

Pain Ther (2020) 9:671–681

https://doi.org/10.1007/s40122-020-00197-x

http://orcid.org/0000-0002-7705-2621
https://doi.org/10.6084/m9.figshare.12942845
http://crossmark.crossref.org/dialog/?doi=10.1007/s40122-020-00197-x&amp;domain=pdf
https://doi.org/10.1007/s40122-020-00197-x


Results: The AUC of VAS from baseline to 48 h
after surgery were 118.6 [97.5% confidence
interval (CI) 95.6–141.6] in ERDS group and
176.13 (97.5% CI 150.8–201.4) in PCA group,
which showed the non-inferiority because the
upper limit of the 97.5% CIs of ERDS group was
lower than the lower limit of PCA group
(P\0.001), but also had superiority in favor of
ERDS group (P\0.001). ERDS group reported a
significant reduction in VAS pain intensity at 4,
24, 32, 72, 120, and 144 h after surgery, and
better quality of life (P\0.05). The safety pro-
file was comparable between ERDS and PCA
groups.
Conclusions: In patients undergoing laparo-
tomy, a single dose of dinalbuphine sebacate
was superior to intravenous PCA with fentanyl
on lower pain intensity and better quality of
life.
Trial Registration: NCT03296488.

Keywords: Fentanyl; Nalbuphine; PCA;
Laparotomy; Post-operative analgesia

Key Summary Points

Why carry out this study?

Post-operative pain control remains
unsatisfactory in patients with colorectal
cancer after laparotomy.

Extended-release dinalbuphine sebacate
(ERDS) is a prodrug of nalbuphine, a
kappa receptor agonist and mu receptor of
antagonist, has revealed in effective pain
control and less postoperative ketorolac
consumption after hemorrhoidectomy.

We hypothesized pre-operative
administration of ERDS is non-inferior to
intravenous patient-controlled analgesia
(IV PCA) with fentanyl in pain intensity.

What was learned from the study?

This study demonstrated that a single dose
of ERDS not only achieved pre-defined
non-inferior margin but was also superior
to IV PCA with fentanyl in pain intensity
and quality of life.

ERDS provided a tolerable safety profile;
the most frequent adverse drug reaction
was pyrexia. There were no significant
differences for any of the safety
assessments between the two treatment
groups.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12942845.

INTRODUCTION

One-third of patients experienced severe acute
pain on the first day after laparotomy and 18%
of them experienced chronic post-surgical pain
at 4 years after surgery [1, 2]. More evidence has
reported that inadequate post-operative pain
management leads to negative effects on phys-
ical function, recovery period, and post-surgical
complications [3–5]. Various analgesic methods
have recently been developed, despite differ-
ences among these approaches, the main target
is to achieve post-operative pain relief and
improve quality of life. Intravenous patient-
controlled analgesia (IV PCA) has been utilized
over decades to relieve post-operative acute
pain and has achieved high patient satisfaction.
However, many issues still limit its clinical use,
such as catheter infiltration, intravenous tube
obstruction, and machine programming errors
[6].

The mu opioid receptor (MOR) agonists act-
ing on the central nervous system (CNS), such
as morphine and fentanyl, are common choices
for IV PCA because intravenous administration
immediately increases the risk of opioid-related
adverse events [7]. Although studies on the use
of IV PCA with fentanyl reported effective pain
relief and high satisfaction on the first day after
surgery, they are still scarce to observe pain
management in surgeries that need long-day
recovery period, like laparotomy [8, 9]. Exten-
ded-release dinalbuphine sebacate (ERDS,
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Naldebain�, Lumosa Therapeutics, Taipei, Tai-
wan) is a pro-drug of nalbuphine, which acts as
a mixed kappa opioid agonist/mu opioid
antagonist providing sufficient analgesia for
moderate to severe pain after a single intra-
muscular administration. ERDS can rapidly
hydrolyze to nalbuphine by esterases in the
human bloodstream [10]. A randomized study
has reported that pre-operative intramuscular
administration of ERDS exhibits a well-tolerated
safety profile and weekly analgesic effect, less
post-operative analgesics use, and prolonged
time to the first use of analgesics in patients
undergoing hemorrhoidectomy [11]. In addi-
tion, ERDS contributes a relatively low concen-
tration of nalbuphine acting on the CNS, which
served as background analgesia, but also helps
to prevent MOR agonist-induced side effects
such as pruritus, nausea, and vomiting [12–14].

In this study, which included adult patients
undergoing laparotomy, we compared the drug
efficacy and safety and the quality of life
between patients receiving pre-emptive analge-
sia with a single dose of ERDS and those
receiving post-operative pain management
using IV PCA with fentanyl. The primary out-
come was to evaluate the AUC of VAS from
baseline to 48 h after surgery between ERDS and
IV PCA with fentanyl. In addition, the impact of
pre-emptive ERDS and post-operative IV PCA
with fentanyl after laparotomy on quality of life
will also be evaluated.

METHODS

This was a prospective, randomized controlled
trial that was conducted in accordance with the
Declaration of Helsinki, international confer-
ence on harmonization guidelines for good
clinical practice, and local regulations. The
study was approved by the hospital’s research
ethics committee (Institutional Review Board of
Kaohsiung Medical University Hospital, KMU-
HIRB-F(I)-20170089) and was registered in the
Clinicaltrials.gov (NCT03296488, Principal
investigator: Wang JY, M.D., Ph.D.). The study
protocol was conducted at the Kaohsiung
Medical University Hospital from November
2017 to July 2019, in accordance with the

Declaration of Helsinki, International Confer-
ence on Harmonization of Good Clinical Prac-
tice, and local regulatory requirements. All
participants signed informed consent before
initiation of study assessments. Patients were
enrolled from November 2017 to July 2019 in
Kaohsiung Medical University Hospital.
Patients aged between 20 and 80 years who were
scheduled to undergo elective laparotomy with
general anesthesia were eligible if they were
considered as class I–III according to the Amer-
ican Society of Anesthesiologists (ASA) physical
status classification. Patients with the following
criteria were excluded: body mass index (BMI)
below 18 kg/m2 or above 30 kg/m2; pregnant or
lactating patients; history of open laparotomy;
allergy, sensitivity or contraindication to local
anesthetics, opioids or ingredients of the study
medications; history of chronic opioid use;
severe comorbidity; and inability to use a PCA
device.

All patients were assigned randomly with
equal ratio to receive either a single dose of
ERDS injection or intravenous PCA with fen-
tanyl according to a computer-generated simple
randomization code. All patients were instruc-
ted on the visual analogue scale (VAS), BPI, time
to use rescue medication, the PCA device (PCA
group only), and other assessments included in
the study. Anesthesia was induced in both
groups with 1.6 mg/kg propofol, 0.8 mg/kg
lidocaine, 1 lg/kg fentanyl, 0.1 mg/kg dexam-
ethasone, and 0.8 mg/kg rocuronium bromide;
maintained with 5–10 mg morphine, 50–100 lg
fentanyl, and 0.5 mg/kg rocuronium bromide.
For study intervention, in the ERDS group, a
single dose of 150 mg dinalbuphine sebacate
(75 mg/ml, 2 ml/vial) was injected intramuscu-
larly 1 day before surgery. The PCA group
received fentanyl for 48 h after surgery via
intravenous PCA. The PCA device was pro-
grammed to give a bolus of 20 lg fentanyl (4 lg/
ml, 5 ml/dose) with a minimal lockout interval
of 20 min and no background infusion in the
PCA group. The recommended setting of fen-
tanyl dosage in the PCA group was 600 lg
within 48 h after surgery according to the
average fentanyl use in previous laparotomy
cases, which was equivalent to the maximum
exposure of ERDS in the same period by
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pharmacokinetic simulation. After the patients
stayed in the ward, ketorolac and morphine
were recommended as supplemental analgesia
for both treatment groups and the total amount
was documented on a daily base. During the
study, both treatment groups were evaluated by
daily observation including vital signs, injec-
tion site reactions, concomitant medications,
and adverse events starting from the adminis-
tration of the study medications to discharge.
VAS (0–10 cm; 0 = no pain, 10 = worst pain)
was used to evaluate patients at 4, 24, 32, and
48 h and once daily thereafter until 6 days after
surgery and assessed at rest. The short form of
BPI was assessed at baseline (1 day before sur-
gery), days 2 and 6 post-operatively. The overall
satisfaction of the patients who received post-
operative analgesia was evaluated before dis-
charge using a 5-point scale (1 = very unsatis-
fied, 5 = very satisfied).

Assuming an equivalence margin of 10 and a
standard deviation of 18 [11], 104 patients were
required to achieve the power of 80% by the
non-inferiority test with a one-sided 97.5%
confidence interval (CI), which was equivalent
to a two-sided 95% CI. Considering a 5%
dropout rate, a total sample size of 110 (55 per
arm) patients were planned to be randomly
assigned to the treatment groups at a 1:1 ratio.

The efficacy outcomes were analyzed with
intent-to-treat (ITT) population who were ran-
domized patients receiving at least one dose of
the study drug. The AUC of VAS from baseline
to 48 h after surgery compared between study
groups was the primary efficacy outcome. The
prespecified criteria for non-inferiority analysis
were that the upper boundary of the CI of the
difference in the AUC of VAS could not be
greater than 10. Non-inferiority was tested
using two one-sided t tests [15] on the AUC of
VAS against the upper equivalence margin at
the a = 0.025 significance level. If non-inferior-
ity on primary efficacy outcome was met, the
superiority analysis was subsequently per-
formed to examine the difference in the AUC of
VAS between two treatment groups. The same
analysis procedure was applied to the AUC of
VAS scores from baseline to 24 h and to 6 days
after surgery.

Secondary endpoints were VAS scores
throughout 7 days after surgery (from day 0 to
day 6), consumption of rescue medication, BPI
pain intensity, BPI interference, post-operative
length of stay, and satisfaction. We tested the
superiority of the ERDS over the PCA group in
ITT population with a two-sided t test or Fisher’s
exact test on secondary efficacy outcomes.
Fisher’s exact test was used to test demographics
and baseline characteristics. P\0.05 was con-
sidered statistically significant. The statistical
software SAS� version 9.4 (SAS Institute, Cary,
NC, USA) was used for statistical analysis.

RESULTS

Of the 112 screened patients, 110 were ran-
domly assigned to receive ERDS injection or
fentanyl by intravenous PCA with equal ratio;
two patients withdrew from the study owing to
surgery type changed after signing the informed
consent; one patient in the PCA group with-
drew as premature interruption for personal
reasons. A total of 107 patients completed the
study: 55 in the ERDS group and 52 in the PCA
group (Fig. 1). Demographics and baseline
characteristics were summarized in Table 1. The
characteristics of the two treatment groups were
balanced at baseline. No statistical differences
were found in gender, age, height, weight, BMI,
duration of surgery, stage of cancer, surgery
type, length of surgical wound, and location of
incision.

The AUC of VAS from baseline to 48 h after
surgery were 118.6 (97.5% CI 95.6–141.6) [LS
mean (97.5% CI)] in the ERDS group and 176.13
(97.5% CI 150.8–201.4) in the PCA group. With
a prespecified defined margin, the results indi-
cated that the non-inferiority of ERDS to PCA
with fentanyl was statistically significant
(P\0.001), because the upper limit of the
97.5% CIs of ERDS was lower than the lower
limit of PCA with fentanyl (Table 2). A superi-
ority test and statistical significance were in
favor of the ERDS group (P\0.001).

The AUC of VAS from baseline to 24 h after
surgery were 65.1 (97.5% CI 51.0–79.3) in the
ERDS group and 100.0 (97.5% CI 85.4–114.7) in
the PCA group. The AUC of VAS from baseline
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to 6 days after surgery were 243.6 (97.5% CI
195.3–292.0) in the ERDS group and 365.9
(97.5% CI 310.0–421.7) in the PCA group. The
AUC of VAS from baseline to 24 h and 6 days
after surgery were also statistically superior to
the ERDS group (both P\0.001).

On superiority analysis for secondary out-
comes, post-operative VAS scores at 4, 24, 32,
72, 120, and 144 h were statistically superior in
the ERDS group compared with the PCA group
(P = 0.005, P = 0.001, P = 0.025, P = 0.042,
P = 0.011, P\0.001, respectively; Fig. 2). There
was also a trend toward significance in the
reduction of VAS scores at 48 and 96 h after
surgery for the ERDS group (P = 0.062 and
P = 0.056, respectively).

Consumption of morphine dose was
5.90 ± 3.96 (mean ± SD) mg in the ERDS group
and 7.56 ± 3.28 mg in the PCA group
(P = 0.261), whereas the mean total of ketorolac
use was 57.45 ± 40.56 mg in the ERDS group
and 63.57 ± 50.66 mg in the PCA group
(P = 0.509). The number of patients that used
morphine after surgery was 30 in the ERDS and
nine in the PCA group, whereas those that used
ketorolac was 47 in the ERDS group and 23 in
the PCA group. Six (11%) patients in the ERDS
group had never used any supplemental anal-
gesics after surgery. Meanwhile, the total
amount of fentanyl consumption via PCA was
418.65 ± 195.37 lg in the PCA group.

Fig. 1 The CONSORT flow diagram for the study. ERDS, extended-release dinalbuphine sebacate; PCA, patient-
controlled analgesia with fentanyl
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BPI contained two major parts of assessment:
pain intensity and interference in daily activi-
ties. Patients were assessed at baseline (before
surgery) and at days 2 and 6 after surgery; the
results are presented in Table 3. At baseline, no
differences were found in the mean pain
intensity and interference scores between the
two groups. The mean pain intensity score
indicated significantly less pain intensity in the
ERDS group at days 2 and 6 compared with the
PCA group (2.23 ± 1.50 vs. 2.82 ± 1.44,

Table 1 Summary of the demographic information and
baseline characteristics

ERDS
(n = 55)

PCA
(n = 52)

Gender

Male, n (%) 37 (67.3) 32 (61.5)

Female, n (%) 18 (32.7) 20 (38.5)

Age (yeasr), mean (SD) 63.6 (9.8) 64.2 (8.1)

Weight (kg), mean (SD) 63.1 (9.2) 63.5

(10.8)

Height (cm), mean (SD) 161.5

(15.5)

162.4

(8.3)

BMI (kg/m2), mean (SD) 24.2 (5.0) 24.0 (2.8)

Duration of surgery (min),

mean (SD)

224 (65) 217 (67)

Stage of colorectal cancer,

n (%)

I 9 (16.4) 8 (15.4)

II 6 (10.9) 0 (0)

III 24 (43.6) 28 (53.8)

V 8 (14.5) 8 (15.4)

Other diseases 8 (14.5) 8 (15.4)

Length of surgical wound (cm),

mean (SD)

9.5 (1.8) 9.7 (1.7)

Location of incision, n (%)

Left paramedian 11 (20.0) 7 (13.5)

Midline 30 (54.5) 28 (53.8)

Right paramedian 13 (23.6) 16 (30.8)

Others 1 (1.8) 1 (1.9)

Surgery type, n (%)

Anterior resection 21 (38.2) 19 (36.5)

Low anterior resection 14 (25.5) 11 (21.2)

Right hemicolectomy 13 (23.6) 16 (30.8)

Left hemicolectomy 5 (9.1) 3 (5.8)

Table 1 continued

ERDS
(n = 55)

PCA
(n = 52)

Others 2 (3.6) 3 (5.8)

Data are presented as mean (SD) or n (%)
BMI body mass index, ERDS extended-release dinal-
buphine sebacate, PCA patient-controlled analgesia with
fentanyl

Table 2 The area under the curve of visual analogue scale

AUC of
VAS LS
mean
(97.5%
CI)

ERDS
(n = 55)

PCA (n = 52) P value�

Baseline to

24 h

65.1

(51.0–79.3)

100.0

(85.4–114.7)

\ 0.001

Baseline to

48 h

118.6

(95.6–141.6)

176.1

(150.8–201.4)

\ 0.001

Baseline to

day 6

243.6

(195.3–292)

365.9

(310.0–421.7)

\ 0.001

Data are presented as least squares mean (97.5% confi-
dence interval: lower limit to upper limit)
ERDS extended-release dinalbuphine sebacate, PCA
patient-controlled analgesia with fentanyl, LS least squares,
CI confidence interval
� P value from one-sided t test. P\ 0.05 was considered
statistically significant
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P = 0.042, and 0.73 ± 0.92 vs. 1.16 ± 1.17,
P = 0.034, respectively). In addition, the mean
interference score at day 6 was significantly

lower in the ERDS group than in the PCA group
(0.49 ± 1.07 vs. 1.34 ± 1.78, P = 0.003). The
patients in the ERDS group also reported that
the interference was significantly less at day 6
compared with the PCA group in almost all
interference parameters such as general activity
(0.45 ± 1.17 vs. 1.17 ± 1.81, P = 0.016), mood
(0.29 ± 0.94 vs. 0.75 ± 1.36, P = 0.043), walk-
ing (0.4 ± 1.01 vs. 1.08 ± 1.94, P = 0.024),
work (1.02 ± 2.63 vs. 2.71 ± 3.81, P = 0.008),
social relationships (0.25 ± 0.91 vs.
1.12 ± 2.08, P = 0.006), and enjoyment of life
(0.35 ± 1.11 vs. 1.19 ± 2.24, P = 0.014). There
was also a trend toward significance in
improvement of sleep in the ERDS group
(0.65 ± 1.59 vs. 1.37 ± 2.48, P = 0.079).

During the last visit, the patients’ satisfac-
tion regarding post-operative analgesia was
assessed using a 5-point rating scale. Albeit not
statistically significant, a slightly higher num-
ber of patients receiving ERDS reported as being
‘‘highly satisfied’’ and ‘‘satisfied’’ compared with
those receiving intravenous fentanyl using a
PCA (91 vs. 82%, P = 0.167). There was no sig-
nificant difference in the length of stay between
the ERDS and PCA groups (7.98 ± 2.57 vs.
7.31 ± 2.34 days, P = 0.160).

A total of 45 patients reported at least one
adverse event during the study, that is, 27
(49.1%) and 18 (32.7%) patients in the ERDS
and PCA groups, respectively. All adverse events
were mild or moderate in severity in both
treatment groups. The rates of patients report-
ing drug-related adverse events were 30.9% and
25.5% in the ERDS and PCA groups,
respectively.

The most frequent adverse drug reaction was
pyrexia in both groups [15 (27.3%) and 14
(25.5%) patients in the ERDS and PCA groups,
respectively, Table 4]. All patients had mild
pyrexia. There were 11 and five patients in the
ERDS and PCA groups, respectively, who
recovered from pyrexia within 1 day. Injection
site evaluation in the ERDS group revealed mild
erythema in only one patient (1.8%), who
recovered at discharge. Two patients (3.6%) in
the ERDS group reported abnormal hepatic
function with alkaline and aspartate transami-
nase levels above the upper normal limit at
7 days after surgery. The patients returned for

Fig. 2 Post-operative pain intensity. Patients receiving
extended-release dinalbuphine sebacate (ERDS) or patient-
controlled analgesia (PCA) with fentanyl were assessed for
pain intensity using the visual analogue scale (VAS) at 4,
24, 32, 48, 72, 96, 120, and 144 h post-operatively
[intention-to-treat population, mean ± standard devia-
tion (SD)]. *P\ 0.05, **P\ 0.01, ***P\ 0.001 vs. PCA
group

Table 3 The brief pain inventory following laparotomy

Mean (SD) ERDS
(n = 55)

PCA
(n = 52)

P value

BPI—pain intensity�

Baseline 0.02 (0.24) 0 (0.00) 0.322

Day 2 2.23 (1.50) 2.82 (1.44) 0.042*

Day 6 0.73 (0.92) 1.16 (1.17) 0.034*

BPI—

interference�

Baseline 0 (0) 0 (0) NA

Day 2 2.50 (2.69) 3.29 (2.86) 0.141

Day 6 0.49 (1.07) 1.34 (1.78) 0.003**

Presented as mean (standard deviation)
ERDS extended-release dinalbuphine sebacate, PCA
patient-controlled analgesia with fentanyl, SD standard
deviation, NA not available
� P value from two-sided t test. P\ 0.05 was considered
statistically significant. *P\ 0.05, **P\ 0.01
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follow-up 1 week after discharge and recovered.
One patient (1.8%) experienced mild dizziness
2 days after ERDS administration and recovered
within 1 day. There were no adverse events that
led to study discontinuation. In addition, no
serious adverse events or death occurred during
the study period.

DISCUSSION

In this open-label, randomized controlled trial
that assessed the analgesic effect of the exten-
ded-release dinalbuphine sebacate after its pre-
emptive administration in open laparotomy by
comparing with patients receiving IV PCA with
fentanyl, we found that patients who received a
single intramuscular injection of ERDS before
surgery benefited from ERDS, which resulted
in significant reductions in the VAS pain
score, AUC0-24 h of VAS, AUC0-48 h of VAS,
AUC0-6 days of VAS, and the BPI pain intensity,
compared with IV PCA with fentanyl. There was
no significant difference in post-operative
analgesics between the two treatment groups.
More than 90% of the patients in this study felt
satisfied after receiving ERDS, but between-

group differences did not reach statistical dif-
ference. In addition, ERDS administration
resulted in a significantly superior functional
improvement in patients, such as in general
daily activities, mood, walking, work, social
relation, and enjoyment of life.

Many analgesic approaches have been stud-
ied and contributed effective outcomes and
tolerable safety profile, but few studies reported
their therapeutic effects on quality of life. Our
findings indicate a significant improvement in
post-operative pain intensity and quality of life.
It is important to note that improved patient
functioning and health-related quality of life
were observed in the ERDS group in nearly all
BPI interference measures. These results con-
flicted with other analgesic strategies regarding
the benefits of pain scores and post-operative
opioids use. One randomized controlled trial
stated improved pain scores 2 and 4 h after
surgery in patients undergoing laparotomy in
IV PCA with morphine. However, no significant
difference was found between groups after 4 h
[16]. With respect to concerns for opioid
antagonism, our evaluation regarding the
amount of perioperative anesthetics used to
determine the potential impact of ERDS on the
current standard of care for perioperative anes-
thesia usage revealed that there was no differ-
ence in the anesthetic usage during the
induction and surgery between the two groups
even though ERDS was administered before the
surgery.

To our knowledge, this was the first ran-
domized clinical trial to evaluate the efficacy,
safety, and quality of life of ERDS vs. IV PCA
with fentanyl in patients undergoing laparo-
tomy who are most in need with long-acting
analgesic care. Our study was designed to eval-
uate an extended-release and strong opioid,
expected to assess the analgesic and indirect
effects during the recovery period when com-
paring standard treatment by IV PCA with fen-
tanyl. In this study, we found that the AUC of
VAS in ERDS was not only non-inferior to IV
PCA but also superior during the overall evalu-
ation period. Clinically meaningful change on
pain intensity was affected by surgery type,
which determined the severity of pain intensity
and recovery period with feeling of pain. In

Table 4 Incidence of adverse drug reactions

Adverse drug reaction ERDS
(n = 55)

PCA
(n = 52)

General and administration-site reactions

Injection site erythema 1 (1.8%) 0

Pyrexia 15 (27.3%) 14 (25.5%)

Hepatobiliary disorders

Abnormal hepatic

functiona
2 (3.6%) 0

Nervous system disorders

Dizziness 1 (1.8%) 0

Data are presented as n (%)
ERDS extended-release dinalbuphine sebacate, PCA
patient-controlled analgesia with fentanyl
a Alkaline and aspartate transaminase levels above the
upper normal limit
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general, a change of 10 for the 100 mm VAS or
VAS below 3.3 was considered as significant
clinical meaning [17]. In between-group com-
parison, 17 and 14 mm of VAS were found at 4
and 24 h after surgery (Fig. 2). More than
10 mm VAS reduction from 4 h after surgery
was found at 32 h after surgery and beyond. The
average VAS assessment on all evaluation peri-
ods was below 3.3. All analysis results revealed
ERDS could effectively ease post-operative pain
in the first 24 h and last long enough to cover a
7-day recovery period, which reflects the pro-
mise on patients’ quality of life.

There were some limitations to this study.
First, the open-label study design caused the
differences between pre-emptive and post-op-
erative analgesics might have had some effects
on psychological expectation in terms of post-
operative pain intensity. Second, the duration
of patient-controlled device use was limited.
The PCA group utilized intravenous fentanyl
administration with the device only during the
first 48 h after surgery and not throughout the
entire study period. Supplemental analgesics
were necessary to control pain beyond the first
48 h after surgery. It also reflected on interfer-
ence of activity on day 6 (Table 3). Third, the
study had a small size and was conducted at one
study center; therefore, more data were needed
to translate similar results on other surgery
types.

CONCLUSIONS

A single dose of ERDS provided better post-op-
erative analgesia and better quality of life than
PCA using intravenous fentanyl administered
post-operatively. The pre-emptive analgesia
used in this study should be considered in
patients undergoing open laparotomy because
of its efficacy in attenuating post-operative pain
and contribution to improved quality of life
during the recovery period.
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