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ABSTRACT

Introduction: Patients undergoing upper
extremity fracture surgery (UEFS) commonly
suffer from unbearable acute pain. Opioids
remain the mainstay of moderate to severe pain
alleviation, although there is a growing concern
regarding the increasing trend in misuse and
abuse. This study aimed to observe the safety
and efficacy of dinalbuphine sebacate (DS), a
novel extended-release analgesic, along with
multimodal analgesia (MMA) for post-UEFS
pain control.

Methods: We retrospectively reviewed the
records of patients undergoing UEFS between
August 2020 and January 2021. Eligible patients
were included and divided into two groups,
depending on the analgesic regimen. In the DS
group, 150 mg DS was administered intramus-
cularly at least 12 h pre-operatively, while in the
conventional analgesia (CA) group, 40 mg
parecoxib was given within 3 h before surgery.
Intraoperative fentanyl administration was
guided by the Analgesia Nociception Index
System in both groups. For breakthrough pain,
fentanyl was used as rescue medicine in the
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postanaesthesia care unit while tramadol and
parecoxib were administered in the ward.
Results: Forty-nine patients were allocated to
the DS group and 60 patients were allocated to
the CA group. In comparison with the CA
group, the proportion of patients requiring
opioids for breakthrough pain post-operatively
was significantly lower in the DS group (fen-
tanyl: 31% vs. 68%, p\0.001; tramadol: 27%
vs. 70%, p\ 0.001). The DS group also con-
sumed lower amounts of post-operative rescue
opioids. Furthermore, both mean worst and
least pain scores were significantly lower in the
DS group from post-operative day (POD) 1 to
POD 5. There was no significant difference in
intraoperative consumption of fentanyl or
incidence of adverse events.
Conclusion: This result suggests that extended-
release DS is a suitable analgesic incorporated in
MMA and a promising solution to the misuse
and abuse of opioids.

Keywords: Dinalbuphine sebacate; Nalbu-
phine; Opioid analgesics; Post-operative pain;
Tramadol; Upper extremity

Key Summary Points

Why carry out this study?

Opioids remain the mainstay of moderate
to severe pain alleviation, although there
is a growing concern regarding the
increasing trend in misuse and abuse.

Dinalbuphine sebacate (DS) is a novel
extended-release analgesic, which
functions through kappa-opioid receptors
and partially antagonises mu-opioid
receptors; therefore, it has low addiction
potential.

We hypothesised that our multimodal
analgesia (MMA) regimen combined with
DS will reduce the proportion of patients
requiring post-operative opioids and the
mean consumption of opioids after upper
extremity fracture surgery.

What was learned from the study?

The percentage of patients receiving
opioids, mean consumption of opioids
and pain intensity were all significantly
lower in the DS group.

This result suggests that extended-release
DS is a suitable analgesic incorporated in
MMA and a promising solution to the
misuse and abuse of opioids.

INTRODUCTION

Upper extremity fractures are common and
painful injuries, and opioids remain the main-
stay after surgery [1]. Opioid misuse and abuse
are a global pandemic. In particular, the USA is
in the midst of an opioid epidemic [2, 3];
orthopaedic providers are the third highest
prescribers by volume of all specialties and have
thus played a major role in this public health
problem [4]. Given the painful nature of
orthopaedic injuries and subsequent repair,
patients with orthopaedic trauma in particular
are at risk of developing long-term use of opi-
oids [5]. Up to 36% of patients who have
experienced musculoskeletal trauma demon-
strate the persistent use of opioids 4 months or
longer postoperatively compared with a rate of
0.4–3.1% for nontraumatic surgical patients [6].
In 2015, the American Academy of Orthopaedic
Surgeons advised the necessity of a compre-
hensive opioid programme and funding for
research into effective alternative pain man-
agement and coping strategies to address the
opioid epidemic [7].

Dinalbuphine sebacate (DS; NALDEBAIN�,
Lumosa Therapeutics, Taipei, Taiwan) is a novel
analgesic launched in 2017. It is indicated for
moderate to severe post-operative pain relief.
With an oil-based formulation and lipophilic-
ity, DS is released slowly and hydrolysed rapidly
to nalbuphine by esterase after intramuscular
injection [8]. DS is a prodrug of nalbuphine,
which functions through kappa-opioid recep-
tors and partially antagonises mu-opioid recep-
tors; therefore, it has low addiction potential
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[9, 10]. A previous study reported that through
partial mu-opioid receptor antagonism, nal-
buphine reduced the common side effects of
morphine such as nausea, vomiting and respi-
ratory depression [11]. In addition, a previous
phase III study in a population undergoing
haemorrhoidectomy demonstrated that the
analgesic effect of DS was capable of lasting for
about 6 days [12]. The safety and efficacy of DS
were also investigated with regard to post-op-
erative pain control of several types of abdom-
inal surgery [13–15].

Currently, multimodal analgesia (MMA),
which aims to reduce opioid use, has been
shown to provide satisfactory perioperative pain
relief with an opioid-sparing effect [16–19].
Epidural analgesia, either continuous or patient
controlled; peripheral nerve blocks, either sin-
gle injection or continuous; acetaminophen;
nonsteroidal anti-inflammatory drugs (NSAIDs);
gabapentin and ketamine have all been used for
this purpose [20]. Many studies have applied
MMA in upper extremity trauma surgery and
reported good outcomes [21, 22], but few have
included DS. To reduce opioid-related adverse
effects and the risk of long-term dependence
and abuse, DS may be an ideal strategy. We
implemented DS in particular in our MMA
protocol for perioperative pain management in
upper extremity trauma surgery.

In this study, we retrospectively analysed the
clinical data from a single centre of patients
who underwent operative fixation of upper
extremity fractures involving the clavicle
through distal radius. We hypothesised that the
MMA regimen along with DS will reduce post-
operative consumption of opioids and improve
pain management.

METHODS

Patients

We retrospectively collected the clinical data of
121 patients between 20 and 80 years of age
who underwent operative fixation of upper
extremity fractures involving the clavicle
through the distal radius in our hospital
between 1 August 2020 and 31 January 2021.

The study protocol was reviewed and approved
by the institutional review board of Tri-Service
General Hospital (B202105124) and conducted
in accordance with the Code of Ethics of the
World Medical Association (Declaration of
Helsinki). Written consents were waived.
Twelve patients were excluded for the following
situations: incomplete post-operative evalua-
tion with a numerical rating scale (NRS),
receiving nerve block for pain control, allergy to
acetaminophen or non-selective NSAIDs, severe
comorbidity (cardiopulmonary disease and
cerebrovascular accident) or chronic use of
opioids.

Procedure

All patients received general anaesthesia, with
American Society of Anesthesiologists physical
status classes 1–3. In our clinical practice,
intravenously administered dexamethasone
(5 mg) was added after tracheal intubation for
preventing post-operative nausea and vomiting.
To maintain a bispectral index level between 40
and 60 in all patients, sevoflurane in an
air–oxygen mixture was administered. Intra-
venous (IV) administration of intraoperative
fentanyl was guided by maintaining the 4-min
moving average of the Analgesia Nociception
Index (ANI; MetroDoloris Medical Systems,
Lille, France) at 50 or greater from intubation to
extubation [23]. Boluses of fentanyl 50 lg IV
(patients aged less than 50 years) or fentanyl
25 lg IV (patients aged 50 years or older) were
administered only if ANI scores decreased to less
than 50 and were repeated every 5 min until
ANI scores increased to greater than 50.

We categorised the eligible patients in this
study into two groups: conventional analgesia
(CA) group and dinalbuphine sebatcate (DS)
group, depending on the analgesic regimen
(Fig. 1). Among both groups, 40 mg parecoxib
was intravenously administered within 3 h
before surgery in accordance with the internal
guidelines of Tri-Service General Hospital. In
the DS group, patients were additionally injec-
ted with a single dose of 150 mg/2 mL DS into
the musculature of the buttock by ultrasound
guidance at least 12 h before surgery. For
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patients with an NRS greater than 3, fentanyl
was administered in the postanaesthesia care
unit (PACU) at the discretion of the anaesthe-
siologist. For post-operative pain management,
all patients received acetaminophen 500 mg
orally three times a day and celecoxib 200 mg
twice a day. Either parecoxib or tramadol was
prescribed to patients in both groups as rescue
analgesics by the surgeons’ orders when needed;
rescue analgesics (50 mg tramadol or 40 mg
parecoxib per time) were recommended for
patients with an NRS greater than 3. The
quantity and frequency of rescue analgesics
were recorded. All patients in the DS group
received meclizine hydrochloride 12.5 mg
orally every day from day 0 to discharge to
prevent DS-induced dizziness.

Data Collection

The primary outcome was quantifying the per-
centage of patients who required tramadol
injection for breakthrough pain within 5 days
post-operatively. The secondary outcomes were
evaluating the mean analgesic amount admin-
istrated in the PACU and wards, post-operative
pain intensity during hospital stay, incidence of
adverse effects as well as patient satisfaction
towards pain management. All the data in this
study was retrospectively collected from the
medical history of the patients. In accordance
with the standard practice in our hospital, pain
was assessed in the PACU and at least once daily
in the five post-operative days by the 11-point
NRS (0 = no pain and 10 = the worst pain
imaginable). If patients were discharged early,
the assessments were conducted through phone

visit. Satisfaction was rated before discharge
using a five-point scale (1 = very unsatisfied,
5 = very satisfied). Post-operative complications
and analgesic-related side effects were reported
either by the patients and/or evaluated by the
clinical staff.

Statistics

On the basis of our clinical experience of
managing pain with DS, we assumed the dif-
ference of the percentage of the population
requiring post-operative tramadol between the
DS and CA groups to be 35%. With the two-
sided significance level at 0.05, power at 95%
and allocation ratio at 0.8, the sample size was
calculated as 49 in the DS group and 61 in the
CA group. Results were presented as mean ±

SD. Student t test was used for numerical vari-
ables, and chi-square test or Fisher exact test was
used for categorical variables. One-way analysis
of variance was performed to compare the dif-
ference in the consumption of analgesics
between the DS and CA groups. Statistical sig-
nificance was defined as p\ 0.05. The effect
sizes towards the pain scores and consumption
of opioids were calculated following Cohen’s d
formula: the difference between the means of
the DS and CA groups divided by the standard
deviation of the CA group. The small, medium
and large effect sizes were defined as d = 0.2,
d = 0.5 and d = 0.8, respectively. All statistical
analyses were performed using the SPSS 21
software package.

Fig. 1 Multimodal analgesic regimen. PACU postanaesthesia care unit
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RESULTS

Patient Clinical Characteristics

During the study period, a total of 121 patients
underwent operative fixation of upper extrem-
ity fractures. After exclusion of patients who did
not meet the inclusion criteria, 109 patients
were included. Forty-nine patients were inclu-
ded in the DS group and 60 patients in the CA
group. Table 1 summarises patients’

demographics and baseline characteristics.
Patient characteristics, including gender, age,
weight, body mass index, operation time, post-
operative length of hospital stay and surgical
characteristics, were similar between the
groups. The most common procedures were
fixation of the distal radius and proximal
humerus fractures.

Efficacy Outcomes

Figure 2 presents an analysis of perioperative
analgesics. In comparison with the CA group,
the percentage of patients who postoperatively
required tramadol was significantly lower in the
DS group (27% vs. 70%, p\ 0.001; Fig. 2a). The
proportion of patients requiring fentanyl in the
PACU was also smaller in the DS group (31% vs.
68%, p\ 0.001; Fig. 2a). Furthermore, the per-
centage of patients who did not require post-
operative analgesics was larger in the DS group
than in the CA group (22% vs. 53%, p = 0.001;
Fig. 2a). The results of opioid consumption were
consistent with the pattern of the percentages
of patients receiving opioids. The consumption
of tramadol in the wards was lower in the DS
group (20.4 ± 36.7 mg vs. 58.3 ± 50.6 mg,
p\0.001, d = - 0.8; Fig. 2b). The DS group also
consumed a lower amount of fentanyl in the
PACU (25.0 ± 49.5 lg vs. 43.0 ± 36.7 lg,
p = 0.037, d = - 0.5, Fig. 2b). No significant
difference was found in the intraoperative
consumption of fentanyl between both groups
with ANI-guided administration
(170.4 ± 62.6 lg vs. 180.0 ± 66.2 lg, p = 0.442,
d = - 0.1; Fig. 2b).

The pain intensity was assessed at least once
daily within 5 days after surgery. Significant
reductions were observed in the DS group not
only for worst pain but also for least pain
(Fig. 3). The greatest difference in the worst pain
intensity between the DS and CA groups was
observed on post-operative day (POD) 1 (3.5 vs.
4.6, p\0.001, d = - 1.2; Fig. 3a). Within the
next 4 days, the mean worst pain intensities of
the DS group were still lower than those of the
CA group (POD 2: 2.4 ± 1.1 vs. 3.4 ± 0.8,
p\0.001, d = - 1.1; POD 3: 2.1 ± 0.9 vs.
3.1 ± 0.8, p\0.001, d = - 1.1; POD 4:

Table 1 Demographic information and baseline
characteristics

DS
(n = 49)

CA
(n = 60)

p value

Gender (male/female) 21/28 32/28 0.337

Age 58.5

(13.2)

54.4

(16.5)

0.153

BMI 24.7 (4.4) 24.9 (4.7) 0.798

Height (cm) 163.1

(0.1)

163.5

(0.1)

0.834

Weight (kg) 65.9

(14.5)

66.8

(15.4)

0.760

Operative time (h) 2.8 (0.9) 2.8 (0.7) 0.973

Surgical characteristics

Clavicle 5 (12%) 7 (10%) 0.984

Proximal humerus 13 (25%) 15 (27%)

Olecranon 3 (10%) 6 (6%)

Distal radius 19 (33%) 20 (39%)

Ulnar 2 (2%) 1 (4%)

Radius and ulnar 5 (8%) 5 (10%)

Clavicle and humerus 2 (10%) 6 (4%)

Length of hospital stay

(day)

5.0 (1.6) 5.5 (2.3) 0.226

Data are presented as mean (standard deviation) or
number (%). p values\ 0.05 were considered statistically
significant
BMI body mass index, CA conventional analgesia, DS
dinalbuphine sebacate
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1.9 ± 0.9 vs. 2.6 ± 0.7, d = - 0.9, p\ 0.001;
POD 5: 1.2 ± 0.8 vs. 2.0 ± 0.8, p\ 0.001,
d = - 1.0; Fig. 3a). A similar pattern was seen in
the result of least pain intensity (Fig. 3b). The
mean NRS scores of the least pain were lower in
the DS group from POD 1 to POD 5 (POD 1:
2.2 ± 1.0 vs. 3.1 ± 0.8, p\0.001, d = - 1.0;
POD 2: 2.0 ± 0.8 vs. 2.7 ± 0.8, d = - 0.8,
p\0.001; POD 3: 1.8 ± 0.8 vs. 2.5 ± 0.7,
d = - 0.8, p\ 0.001; POD 4: 1.7 ± 0.8 vs.
2.1 ± 0.7, d = - 0.6, p\ 0.003 POD 5: 1.1 ± 0.8
vs. 1.8 ± 0.7, p\ 0.001, d = - 0.9; Fig. 3b).
There was no significant difference in the aver-
age pain intensity between both groups during
the PACU stay (Fig. 3). Both groups reported
great satisfaction with post-operative pain

management (4.6 ± 0.5 vs. 4.5 ± 0.5 in DS and
CA groups, respectively, p = 0.413).

Safety and Adverse Effects

Ten patients reported at least one adverse event
in this study, including 6 (12.2%) and 4 (6.6%)
patients in the DS and CA groups, respectively.
All adverse events were mild to moderate in
severity. The most common adverse event was
post-operative dizziness, and the incidence was
slightly higher in the DS group, without statis-
tical significance (Table 2). One patient in the
DS group reported swelling and pain at the
injection site that resolved about 1 week after
DS injection.

Fig. 2 Summary of analgesic administration. a Percentage
of patients consuming rescue analgesics. b Perioperative
consumption of rescue analgesics. Data are presented as

percentage or mean with standard deviation. *p\ 0.05,
**p\ 0.01 and ***p\ 0.001. Intra-op intraoperative, Post-
op post-operative, PACU postanaesthesia care unit

Fig. 3 Post-operative pain intensity. a Worst pain assess-
ment. b Least pain assessment. Data are presented as mean
with standard deviation. **p\ 0.01 and ***p\ 0.001.

NRS numerical rating scale, PACU postanaesthesia care
unit, POD post-operative day
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DISCUSSION

To the best of our knowledge, this is the first
report of the successful implementation of an
MMA protocol with long-acting DS for periop-
erative pain management in upper extremity
trauma surgery. The results demonstrated that
the pre-emptive intramuscular administration
of DS reduced the proportion of patients
requiring post-operative tramadol, the mean
consumption of opioids and post-operative pain
intensity when compared with the CA-admin-
istered group. In addition, the percentage of
patients without any rescue analgesics was
much higher in the DS group.

Orthopaedic operations in upper extremity
trauma often result in post-operative pain
because of the manipulation of the osseous
structures, which makes anaesthesia and post-
operative pain management challenging [24].
This issue has been further complicated by the
growing opioid epidemic in the USA and the
increasing insights into its detrimental effects
on society [5]. The use of MMA for acute pain
management is becoming a focus in upper
extremity trauma surgery, as the reduction in
opioid prescription and consumption continues
to be a focus in the perioperative setting [21].
Simple interventions such as patient education
handouts with regard to the safe and effective
use of opioids after a hand surgical procedure
have shown promise in reducing opioid con-
sumption [22]. Recent guidelines published by a
joint committee of multiple anaesthesia spe-
cialty societies endorsed the use of

acetaminophen, NSAIDs and gabapentinoids in
multimodal regimens [25]. However, their rec-
ommendations pertaining to orthopaedic prac-
tice were limited to total hip arthroplasty, total
knee arthroplasty and spinal fusions, for which
the most level I evidence exists. In a prospective
study of 150 patients who underwent shoulder
arthroplasty, McLaughlin et al. reported
decreased pain, overall opioid consumption and
shorter hospital stays for those administered a
regimen of scheduled pre- and post-operative
acetaminophen, celecoxib and gabapentin [26].
Among 59 patients who received volar plating
of the distal radius, Nelson and La tested a pain
control strategy consisting of pre- and post-op-
erative acetaminophen and celecoxib, patient
counselling, peripheral nerve blocks, intraoper-
ative local anaesthetic infiltration, as-needed
hydrocodone–acetaminophen and a post-oper-
ative phone call [27]. Although this study did
not include a control group, the findings were
notable for an average opioid consumption of
only 0.68 pills and no refill requests. Remark-
ably, 72% of the patients used no narcotics [27].
Studies of upper extremity regimens, although
less robust, appear to reflect similar medication
preferences.

In collaboration with orthopaedic surgeons,
our institution has established an MMA proto-
col for patients undergoing upper extremity
trauma surgery. As in our conventional MMA
protocol, a combination of intravenously
administered parecoxib before surgery and oral
analgesics, including acetaminophen and cele-
coxib, were used during the entire perioperative
period for preventive pain management. Long-
acting DS administered intramuscularly was
recently introduced in Taiwan as a slow release
nalbuphine prodrug with a long duration of
action; it delivers and maintains an effective
blood level for approximately 6 days [28]. This
regimen provides pre-emptive and preventive
analgesia. It not only covers the post-operative
but also the whole perioperative pain control
for at least 5 days after surgery, in combination
with oral analgesics, like acetaminophen and
NSAIDs or COX-2 inhibitors, which cover the
operative pain after patient discharge with no
opioid prescription. Further, the long-acting
opioid nalbuphine, DS, is less dependent and

Table 2 Incidence of adverse effects

DS (n = 49) CA (n = 60)

Dizziness 5 (10.2%) 3 (5%)

Nausea 1 (2%) 1 (1.6%)

Vomiting 0 (0%) 1 (1.6%)

Injection-site reaction 1 (2%) 0 (0%)

Data are presented as number (%) or mean (standard
deviation)
CA conventional analgesia, DS dinalbuphine sebacate
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has less addiction potential than other l-opioid
drugs in the clinic. Therefore, it shows potential
as an ideal analgesic as part of the MMA pro-
tocol. In this study, we demonstrated that
patients undergoing upper extremity fracture
surgery (UEFS) with this multimodal analgesic
regimen emphasising intramuscular DS experi-
enced a significant improvement in post-oper-
ative analgesia, including lower NRS pain scores
and lower opioid requirements with an opioid-
sparing effect. Furthermore, the analgesics (ac-
etaminophen, celecoxib and parecoxib) used in
our MMA protocol not only provided an anal-
gesic effect by themselves but also enhanced the
analgesia of long-acting DS. Further studies
should be designed to investigate the interac-
tions between long-acting DS and other
analgesics.

The use of single-dose extended release of DS
resulted in a relatively low maximum plasma
concentration of nalbuphine [29], and the rou-
tine administration of antiemetics (dexam-
ethasone and meclizine hydrochloride) led to a
lower trend in dizziness, nausea and vomiting
observed in our study. In a previous report of
intramuscular DS, injection-site reactions such
pain, erythema and swelling were commonly
reported adverse effects (10–27.5%) [12, 14, 15].
In our DS group, only one patient (2%) experi-
enced swelling with pain at the injection site.
We believe that this difference resulted from the
use of ultrasound-guided DS injection correctly
into gluteal muscle.

Because of concerns regarding the fact that
DS is a kappa-opioid receptor agonist and mu-
opioid receptor antagonist, we used the ANI to
guide the administration of intraoperative fen-
tanyl. Because ANI scores reflect changes in the
nociceptive level with more sensitivity than
traditional parameters such as heart rate and
blood pressure, we used the ANI to determine
the potential impact of DS on perioperative
anaesthesia usage [30, 31]. Even though DS was
administered before surgery, we found no dif-
ference in fentanyl usage during surgery
between the two groups, which is consistent
with previous reports [13–15].

Perioperative regional analgesia with ultra-
sound-guided peripheral nerve blocks has been
reported to improve patients’ satisfaction with

post-operative pain management and facilitate
early rehabilitation [32, 33]. Therefore, per-
ineural analgesia is currently favoured for UEFS
and post-operative pain management as part of
the MMA regimen [18, 20, 21]. Multiple ran-
domised controlled trials have consistently
demonstrated that peripheral nerve block pro-
vides superior analgesia compared with general
anaesthesia in the setting of upper extremity
surgery [34]. However, in a 2015 systematic
review and meta-analysis of interscalene block
for shoulder surgery, Abdallah and colleagues
did not find the opioid-sparing benefits to per-
sist beyond the first 24 h, while introducing the
potential for rebound pain when the nerve
block wore off [35]. Furthermore, the success of
nerve block relies on great skills and extensive
experience [36]. DS, by contrast, is easier to use.
In the present study, it was suggested that
patients receiving a single intramuscular injec-
tion of DS required less opioids postoperatively.
Further study should be conducted to evaluate
the potential of integrating DS in regional
analgesia combined with conventional anal-
gesic procedures or, especially, the nerve block.
With the extended release of DS, the rebound
pain caused by nerve block may be resolved.

The retrospective study design might have
led to bias in terms of standardisation and
comparability of the study groups. For the pur-
pose of this study, a retrospective analysis of
data offered a major advantage, namely, that
anaesthetic management was performed by the
attending anaesthesiologist according to clini-
cal demands and the patients themselves self-
rated their pain score with analgesic require-
ments. This study, conducted under real clinical
conditions, reflects more precisely the clinically
relevant benefit that may be expected with the
use of new drugs or devices.

CONCLUSIONS

We demonstrated this successful MMA protocol
with DS in upper extremity trauma surgery. This
protocol included ultrasound-guided intramus-
cular DS and other analgesics (acetaminophen,
celecoxib and parecoxib) to achieve good post-
operative analgesia with an opioid-sparing
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effect. The results of our study show that the
slow release of nalbuphine, DS, may play an
important role in perioperative MMA. A large-
scale clinical trial is required to show its role in
the MMA regimen.
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