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Abstract

Introduction and hypothesis Botulinum toxin-A (BoNT-A) is
a potent neurotoxin that is an effective treatment for patients
with pharmacologically refractory detrusor overactivity (DO).
Data assessing the effectiveness of trigonal BoNT-A are lim-
ited. This study evaluates adverse events (AEs) and short-term
efficacy associated with trigonal and extratrigonal BoNT-A.
Methods Electronic databases (PubMed, EMBASE, and the
Cochrane database) were searched for studies comparing tri-
gonal and extratrigonal BoNT-A for DO. Meta-analyses were
performed using the random effects model. Outcome mea-
sures included incidence of AEs and short-term efficacy.
Results Six studies describing 258 patients met the inclusion
criteria. The meta-analysis did not show significant differ-
ences between trigonal and extratrigonal BoNT-A for acute
urinary retention (AUR; 4.2 vs 3.7 %; odds ratio [OR]: 1.068,
95 % confidence interval [CI]: 0.239-4.773; P= 0.931) or
high post-void residual (PVR; 25.8 vs 22.2 %; OR: 0.979;
95 % CI: 0.459-2.088; P= 0.956). The incidence of urinary
tract infection (UTI; 7.5 vs 21.0 %; OR: 0.670; 95 % CI:
0.312-1.439; P= 0.305), haematuria (15.8 vs 25.9 %; OR:
0.547; 95 % CI: 0.264-1.134; P= 0.105) and post-operative
muscle weakness (9.2 vs 11.3 %; OR: 0.587; 95 % CI: 0.205—
1.680, P= 0.320) was similar in both groups. Finally, differ-
ences in short-term cure rates between two study arms were
not statistically significant (52.9 vs 56.9 %; OR: 1.438; 95 %
CI: 0.448-4.610; P= 0.542).
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Conclusions Although data are limited, no significant differ-
ences between trigonal and extratrigonal BoNT-A in terms of
AEs and short-term efficacy were observed. Additional
randomised controlled trials are required to define optimal
injection techniques and sites for administering intra-vesical
BoNT-A.
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Abbreviations
AEs Adverse events
AUR Acute urinary retention

BoNT-A  Botulinum toxin-A
DO Detrusor overactivity

DSD Detrusor sphincter dysynergia
IDO Idiopathic detrusor overactivity
NDO Neurogenic detrusor overactivity
OAB Overactive bladder

QoL Quality of life

SIC Self intermittent catheterisation
UTI Urinary tract infection

VUR Vesicoureteric reflux
Introduction

Overactive bladder (OAB) is a syndrome that is characterised
by urgency and frequency with or without urgency urinary
incontinence (UUI). Its prevalence among the global popula-
tion approaches 11 % and the female to male ratio is approx-
imately 3:2 [1-4]. OAB is associated with significant de-
creases in health-related quality of life (QoL) and a diagnosis
of detrusor overactivity (DO) may lead to upper genitourinary
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tract complications; particularly in neurogenic patients [5].
First-line treatment for OAB includes antimuscarinic agents
for idiopathic detrusor overactivity (IDO) and a combination
of antimuscarinic therapy and self-intermittent catheterisation
(SIC) in neuropaths with neurogenic detrusor overactivity
(NDO) associated with detrusor sphincter dysynergia (DSD)
[3]. When these treatment modalities fail, intravesical injec-
tion with botulinum toxin-A (BoNT-A) offers an attractive
alternative.

Botulinum toxin-A is a potent neurotoxin produced by
Clostridium botulinum that is an effective, minimally invasive
treatment option for patients with pharmacologically refracto-
ry IDO and NDO. The neurotoxin cleaves the synaptosomal-
associated protein 25 (SNAP-25), which prevents the forma-
tion of the soluble N-ethylmaleimide attachment protein re-
ceptor (SNARE) complex that is required for neuromuscular
transmission [1]. This inhibitory reaction is temporary as the
toxin is ultimately inactivated and removed [1]. When
BoNT-A is administered by urogynaecologists, the
trigone of the bladder is typically spared owing to the
potential risk of precipitating vesicoureteric reflux
(VUR) from inhibition of the active trigonal antireflux
mechanism [6, 7]. Despite this theory, the incidence of
de novo VUR and other associated complications after
injecting the trigone remains unknown and is poorly
described in the literature. Therefore, the aims of the
present study were two-fold. First, we aimed to compare
the incidence of adverse events (AEs) in trigonal and
extratrigonal BoNT-A in patients with DO. We also
aimed to compare the short-term efficacy of both ad-
ministration techniques by performing a meta-analysis of
the relevant evidence.

Materials and methods
Literature search and study selection

A systematic search of PubMed and EMBASE was performed
for all studies published relating to BoNT-A injections into
and/or around the trigone of the urinary bladder in patients
with DO by using the following in the search algorithm:
(botulinum toxin-A or Botox® or Dysport®) and (trigone)
and (bladder). The Cochrane Central Register of Controlled
Trials was also searched for articles that investigated
trigonal BoNT-A injections. The latest search was per-
formed on 3 March 2014. Two authors (NFD and ER)
independently examined the title and abstract of cita-
tions and the full texts of potentially eligible trials were
obtained; disagreements were resolved by discussion.
The reference lists of retrieved papers were further
screened for additional eligible publications. When data
were unclear or incomplete, the corresponding author
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was contacted to clarify data extraction. Case reports and case
series with 5 or fewer patients were excluded and there were
no language restrictions. Institutional review board was not
sought as this study was a meta-analysis.

Eligibility criteria

Studies with data on trigonal BoNT-A injections were includ-
ed. In addition, comparative studies between extratrigonal and
trigonal BoNT-A were also included to compare the
efficacy and frequency of AE for the purposes of me-
ta-analysis. The primary end-points of the study were to
determine the efficacy and safety of trigonal BoNT-A
injections and to compare these parameters with those
of extratrigonal BoNT-A injections. Short-term efficacy
was defined by patients who were “subjectively/objec-
tively dry” and by patients who demonstrated a “signif-
icant improvement in their symptoms” at the study’s
first endpoint. Frequency of adverse events was deter-
mined by measuring the incidence of acute urinary
retention (AUR), high post-void residual (PVR),
straining to void, urinary tract infection (UTI),
haematuria, de novo reflux and post-operative muscle
weakness. All studies with no data on trigonal BoNT-A
were excluded from the meta-analysis.

Data extraction and outcomes

The following information regarding each eligible trial was
recorded: author’s names, journal, year of publication, study
type, enrolment dates, follow-up protocol, total number of
patients, patient demographics, indication for BoNT-A, type
of BoNT-A injected, volume of BoNT-A injected, location
and volume of intravesical injections, short-term efficacy and
frequency of adverse events.

Statistical analysis

All pooled outcome measures were determined using a ran-
dom effects model as described by DerSimonian and Laird [8]
and the odds ratio (OR) was estimated with its variance and
95 % confidence interval (CI). The random effects analysis
weighted the natural logarithm of each study’s OR by
the inverse of its variance plus an estimate of the
between-study variance in the presence of between-
study heterogeneity. As previously described [9], hetero-
geneity between ORs for the same outcome between
different studies was assessed. This was through the
use of the I° inconsistency test and Chi-square-based
Cochran’s Q statistic test [10] in which P<0.05 is taken
to indicate the presence of significant heterogeneity.
Analyses were conducted using StatsDirect version
2.5.6. (StatsDirect, Altrincham, Cheshire, UK).
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Table 1 Details of studies included in the systematic review and meta-analysis [2, 6, 11-14]

Reference Year City and country Randomised Total Available Trigonal Extratrigonal Mean age Male Female
published of origin control trial  included (n) data (n) arm(n) arm (n) (years) n)y ()
Kuo [2] 2010 Hualien, Taiwan No 127 105 68 37 66 48 57
Karsenty et al. [6] 2007 Montreal, Canada No 12 11 11 N/A 76 0 11
Abdel-Meguid [14] 2010 Jeddah, Saudi Arabia Yes 36 34 17 17 25 34 2
Lucioni et al. [13] 2006 Chicago, America No 40 40 24 16 66 10 30
Manecksha et al. [11] 2011 Dublin, Ireland Yes 22 22 11 11 50 3 19
Mascarenhas et al.[12] 2008 Bahia, Brazil No 21 21 21 N/A 35 10 11

Results
Eligible studies

Six published studies containing data on intravesical trigonal
injections with BoNT-A were identified; 4 of which directly
compared trigonal and extratrigonal BoNT-A (Table 1) [2, 6,
11-14]. Four studies included data on patients with IDO
refractory to anti-muscarinic therapy and 2 studies included
data on NDO refractory to antimuscarinic therapy (Table 2).
The initial search was performed based on the PRISMA
statement and 49 articles were identified [15]. Eleven full text
studies were assessed for eligibility; 5 of which were excluded
(Fig. 1). Four studies were excluded as they did not contain
data on trigonal BoNT-A injections and one editorial describ-
ing “injection techniques” was also excluded. All studies were
published within the last 8 years and the spectrum of patients
was reflective of modern clinical practice

A total of 258 patients were included in these studies, and
data were available for analysis from 233 patients (152 in the
trigonal arm and 81 in the extratrigonal arm). The mean age of
the participants was 53 (25-76) years and 130 out of 233
(56 %) were female. There were no significant differences in
terms of efficacy or frequency of adverse events between male
and female patients (P=0.7 and P=0.64 respectively). None of
the studies were multicentre trials and 2 trials were randomised,

with details of the randomisation process described in both
studies. Five studies included data on onabotulinum toxin-A
and one study included data on abobotulinum toxin-A (Table 3).
Indications for withdrawals were described in detail for the 3
studies in which patients withdrew. Two of the 6 studies were
prospective without comparative data on extratrigonal BONT-A
injections [6, 12]. With the different study design taken into
consideration, meta-analyses were performed with and without
these two studies to enable comparison of outcomes with
trigonal and extratrigonal injections.

Adverse events

Four studies describing 201 patients included comparative
data on the frequency of acute urinary retention (AUR), high
post-void residual (PVR), straining to void, urinary tract in-
fection (UTI), haematuria, de novo vesicoureteric reflux and
muscle weakness (Fig. 2) [6, 11, 13, 14]. Trigonal injections
were associated with a non-significantly higher rate of AUR
(trigonal versus extratrigonal: 4.2 % vs 3.7 %; OR: 1.068;
95 % CI: 0.2394.773; P=0.931). In addition, trigonal injec-
tions were also associated with a non-significantly higher
PVR (trigonal versus extratrigonal: 25.8 vs 22.2 %; OR:
0.979; 95 % CI: 0.459-2.088; P=0.956) and non-
significantly higher incidence of straining to void (trigonal
versus extratrigonal: 21 %.7 vs 14.8 %; OR: 1.394; 95 % CI:

Table 2 Details of the inclusion criteria for studies involved in the meta-analysis [2, 6, 11-14]

Reference Inclusion criteria

Investigations to meet inclusion criteria

Kuo [2] IDO refractory to antimuscarinics

Karsenty et al. [6] IDO refractory to antimuscarinics

Abdel-Meguid [14]
Lucioni et al. [13]
Manecksha et al. [11]
Mascarenhas et al.[12]

NDO refractory to antimuscarinics
IDO refractory to antimuscarinics
IDO refractory to antimuscarinics
NDO refractory to antimuscarinics

7-day voiding diaries with >1 episode of urgency or UUI/24 h, USS, IDO on

videourodynamics

3-day bladder diary, ICS V8 score, uroflow, PVR, videourodynamics

1 h before injection, failed antimuscarinic therapy

NDO on urodynamics, failed antimuscarinic therapy

Failed antimuscarinic therapy after trial >4 weeks, IPSS, PVR + urodynamics
IDO on videourodynamics, failed antimuscarinic therapy after trial >6 weeks
NDO on urodynamics, failed antimuscarinic therapy, cystogram

IDO idiopathic detrusor overactivity, NDO neurogenic detrusor overactivity, UUI urinary urge incontinence, USS urgency severity score, PVR post-void
residual, /PSS International Prostate Symptom Score, /CS International Continence Society
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Fig. 1 Preferred reporting items
in systematic reviews and meta-
analyses (PRISMA) diagram

0.617-3.150; P=0.424). Conversely, trigonal injections were
associated with a non-significantly lower incidence of UTI
(trigonal versus extratrigonal: 17.5 % vs 21.0 %; OR: 0.670;

Records identified through
database searching
n=111
Pubmed (47)
Cochrane (0)
Embase (64)

Records after duplicates removed
(n=49)

Articles excluded by title &

Full-text articles assessed
for eligibility
n=11)

) abstract (n =29 )
-Review article (5)
-Not about trigonal injections (4)

Full text articles excluded (n = 5)

) -Not about trigonal injections (4)
-Editorial (1)

Studies included in meta-analysis
n=6)

—ﬂ Total n =258 patients

95 % CI: 0.312-1.439; P=0.305) and haematuria (trigonal
versus extratrigonal: 15.8 % vs 25.9 %; OR: 0.547; 95 %
CI: 0.264-1.134, P=0.105). The incidence of post-operative

Table 3 Treatment details and follow-up investigations of studies included in the meta-analysis [2, 6, 11-14]
Reference Type of Anaesthesia Total dose Dose injected into  Follow-up Follow-up investigations
BoNT-A of BONT-A trigone (units) period (weeks)
injected injected
(units)
Kuo [2] Onabotulnum General 100 25-50 (50-75 3 and 52 Videourodynamics at 3 and 6 months (Q max,
toxin-A extratrigonal) PVR, CBC, VE, Pdet at Qmax, VE)
Karsenty et al. [6] Onabotulnum Local 200 200 6 Videourodynamics, 3-day bladder diary, PVR,
toxin-A uroflow and V8 OABSS at 6 weeks
Abdel-Meguid Onabotulnum - 300 100 2,8,12and 18 QOL score and 3-day bladder diary at 2 and
[14] toxin-A 8/ weeks, videourodynamics at 8 weeks
Lucioni et al. [13] Onabotulnum Local 300 20 (280 3 and 26 Clinical examination, UDI-6, 11Q-7 at 3 and
toxin-A extratrigonal) 26 weeks
Manecksha Abobotulnum General 500 125 6,12and 26  Urodynamics (MCC, MDP, VFDV, VUDV and
etal. [11] toxin-A PVR) and MCUG at 6 weeks; PVR, OABSS,
uroflow, PVR, CMG at 12 and 26 weeks
Mascarenhas Onabotulnum General 300 50 8 Clinical examination, urodynamics, cystogram
etal.[12] toxin-A

Omax maximum flow rate, CBC cystometric bladder capacity, Pdet at Omax detrusor pressure at Qmax, VE voiding efficiency, OABSS Overactive
Bladder Symptom Score, UDI Urogenital Distress Inventory, //Q Incontinence Impact Questionnaire, PVR post-void residual, CMG cystometography,
MCUG micturating cystourethrography, MCC maximum cystometric capacity, MDP maximum detrusor pressure in filling phase, VFDV volume at first
desire to void, YUDV volume at urgent desire to void
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Fig. 2 Meta-analysis of adverse events in trigonal vs extratrigonal
BoNT-A. Each study is shown by the point estimate of the odds ratio
(OR; square proportional to the weight of each study) and 95 % confi-
dence interval (CI) for the OR (extending lines); the combined ORs and
95 % ClIs by random effects calculations are shown as diamonds. a
Trigonal vs extratrigonal BONT-A and incidence of AUR (n=201; P=
0.931; test for heterogeneity, Cochran 0=0.0 [df=1]; P=0.959; incon-
sistency [I*]=0 %). b Trigonal vs extratrigonal BONT-A and incidence of
high PVR (n=201; P=0.956; test for heterogeneity, Cochran Q=0 [df=
17; P=0.984; =0 %). ¢ Trigonal vs extratrigonal BONT-A and incidence

muscle weakness was also non-significantly lower with trigo-
nal injections (trigonal versus extratrigonal: 9.2 % vs 11.3 %;
OR: 0.587; 95 % CI: 0.205-1.680; P=0.320). A meta-analysis
on the incidence of de novo vesicoureteric reflux was not
feasible as no patients developed de novo VUR in either study
arm.

0.01 100
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Extratrigonal  Trigonal
UTI
Lucioni A . 0.41 (0.09, 1.86)
Abdel-Meguid T * (excluded)
Hann-Chorng K + 0.94 (0.32, 2.91)
R 0.30 (0.00, 39.00)
combined [randonj L 0.67 (0.31, 1.44)
r T T T T ]
0.01 01 02 05 2 5 10 100
odds ratio (95% confidence interval)
Trigonal  Extratrigonal
Muscle weakness
Lucioni A —.—— 0.41 (0,09, 1.86)
Abdel-Meguid T * (excluded)
Hann-Chomg K ——.7 1.09 (0.15, 12.65)
Manecksha R * (excluded)
combined [randonj — 0.59 (0.20, 1.68)
r T T T | ]
0.01 01 02 05 1 2 5 10 100

odds ratio (95% confidence interval)

Trigonal

of straining (n=201; P=0.424; test for heterogeneity, Cochran Q=0.1
[df=1]; P=0.746; =0 %). d Trigonal vs extratrigonal BONT-A and
incidence of UTI (n=201; P=0.305; test for heterogeneity, Cochran 0=
1.2 [df=2]; P=0.548; *=0 %). Arrow indicates that 95 % CI extends
beyond the depicted range. e Trigonal vs extratrigonal BoNT-A and
incidence of haematuria (n=201; P=0.105; test for heterogeneity,
Cochran Q=0.8 [df=3]; P=0.859; =0 %). f Trigonal vs extratrigonal
BoNT-A and incidence of muscle weakness (n=201; P=0.320; test for
heterogeneity, Cochran 0=0.8 [df=1]; P=0.381; I’=0 %)

Extratrigonal

Short-term efficacy

Three studies describing 179 patients included assessable
comparative data on short-term cure rates associated with
intravesical BoNT-A injections (Fig. 3) [6, 13, 14]. Short-
term cure rates were defined as patients who were dry after
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Fig. 3 Meta-analysis of short-term efficacy in trigonal vs extratrigonal
BoNT-A. a Trigonal vs extratrigonal BoNT-A and overall short-term dry
rates (n=179; P=0.542; test for heterogeneity, Cochran Q=5.7 [df=2];

their first follow-up investigations, which ranged from 3 to
8 weeks post-operatively (Table 3). Extratrigonal injections
were associated with a non-significantly improved dry rate
during the short-term follow-up period (trigonal versus
extratrigonal: 52.9 % vs 56.9 %; OR: 1.438; 95 % CI: 0.448-
4.610; P= 0.542). Four studies describing 201 patients includ-
ed assessable comparative data on “significant improvement in
symptoms” as the study’s endpoint [6, 11, 13, 14]. Extratrigonal
injections were associated with a non-significant improvement
in overall symptoms (trigonal versus extratrigonal: 59.8 % vs
67.9 %; OR: 0.703; 95 % CI: 0.344-1.437; P= 0.334).

Discussion

Initially, intravesical BoNT-A was described as a treatment
option for DSD in 1988 and has since gained widespread
acceptance as a reliable treatment option for IDO and NDO
refractory to antimuscarinic therapy [16]. During the injection
process the trigone is typically spared because of the theoret-
ical risk of de novo VUR from inhibition of the peritrigonal
anti-reflux mechanism. Notably, the main findings of the
present review are that no significant differences in the fre-
quency of AEs or short-term efficacy between trigonal and
extratrigonal BoNT-A were demonstrated. Furthermore, no
cases of de novo VUR were documented in studies that have
investigated trigonal BoNT-A [2, 6, 11-14]. These findings
may suggest that adrenergic control of trigonal smooth muscle
may not be affected by the current doses of BoNT-A that are
administered or that intravesical injections of BoNT-A in all
sites within the urinary bladder may have similar denervation
effects [2, 3, 6]. Admittedly, these conclusions are speculative
owing to the paucity of comparative long-term data that are
available on trigonal BoNT-A.

In general, the incidence of treatment-related AEs with
BoNT-A is relatively low and the majority of complications
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symptomatic improvement (n=201; P=0.334; test for heterogeneity,
Cochran Q=0.4 [df=1]; P=0.527; *=0 %)

Extratrigonal

are self-limiting. Our analysis is consistent with these features
as a high PVR was the most frequent AE in both study arms
(trigonal versus extratrigonal: 25.8 % versus 22.2 % respective-
ly). It has previously been suggested that the incidence of AUR
and high PVR is related to the dose of BoNT-A administered;
however, our study may question this theory as the incidence of
a high PVR was greatest in a study by Kuo et al. [2] in which
100 units of onabotulinum toxin-A was administered for IDO
compared with doses of 200-300 units in the 4 remaining
studies that evaluated onabotulinum toxin-A [6, 12-14]. It is
apparent that additional randomised controlled trials will be
required to clarify whether the dose of BONT-A is a significant
predictor of AUR. Furthermore, other investigators suggest that
a multitude of additional factors such as injection technique,
number of injections, equipment and type of anaesthesia may
also play a role in the development of post-operative AUR and
our results are consistent with these findings.

The short-term cure rate varied considerably in the studies
assessed and ranged from 9 to 71 % in the trigonal arm
compared with 31-70 % in the extratrigonal arm. In addition,
overall symptom improvement also varied and ranged from
59 to 100 % in the trigonal arm compared with 63—-100 % in
the extratrigonal arm. The improvement noted in these param-
eters is consistent with previous randomised controlled trials
that have compared BoNT-A with a placebo [17, 18]. Previ-
ously, it has been suggested that trigonal BONT-A might
provide greater short-term efficacy as sensory nerve endings
are particularly dense in the trigone [12]. Inhibition of this
region may improve the effect on bladder afferent pathways in
patients with IDO and NDO. Notably, our analysis does not
support or reject this hypothesis as no arm demonstrated
significantly greater efficacy. However, it is arguable that the
trigonal approach may ultimately be preferable to
urogynaecologists because of the speed and ease of perfor-
mance. Furthermore, patient tolerability does not appear to be
an issue with trigonal BoONT-A as the agent was administered
under local anaesthesia in two of the studies (Table 3) [5, 12].
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Although the present study is the first meta-analysis to
compare the AEs and short-term efficacy of trigonal and
extratrigonal BoNT-A, there are several limitations and our
findings should be viewed with caution. First, the number of
studies included in the meta-analysis was relatively small
owing to the paucity of comparative data available on trigonal
and extratrigonal BONT-A. Second, the volumes and formu-
lations of intra-trigonal BoNT-A administered varied in each
of'the studies included and this variation may have influenced
the frequency of AEs and short-term efficacy. However, it is
noteworthy that there were no differences in the total dose or
formulation of BoNT-A administered between the trigonal
and extratrigonal arms of each individual study and an accu-
rate comparison of AEs and efficacy was therefore achieved.
Third, outcomes such as “high PVR” and “significant im-
provement in symptoms” were poorly defined in some stud-
ies, which may limit standardised comparisons between stud-
ies [2, 13]. Finally, the trigonal arm of the meta-analysis
consisted of studies that injected the trigonal region exclusive-
ly as well as the bladder wall and peritrigonal region. This is a
potential confounding variable and it is arguable that more
definitive conclusions would have been achieved with direct
comparisons between extratrigonal and exclusively trigonal/
peritrigonal BoONT-A. At present, this type of meta-analysis is
not feasible because of the paucity of comparative data
available.

Conclusions

There remains significant controversy concerning the ideal
site for administering intravesical BoNT-A. The present
meta-analysis demonstrates no significant differences be-
tween trigonal and extratrigonal injections with regard to the
frequency of AEs and short-term efficacy rates. However, we
suggest that additional randomised controlled trials with
standardised techniques and follow-up periods might be re-
quired to establish the most effective site of injection for intra-
vesical BoNT-A.
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