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Abstract

Background: Patients with a cochlear implant (CI) should be evaluated for a new
speech processor every 6 years. The aim of this analysis was to assess the subjective
and audiological benefit of upgrades.
Methods: Speech understanding and subjective benefit were analyzed in 99 patients
with the old and the new speech processor after 4 weeks of wearing. Speech
understanding was assessed using the Freiburg monosyllabic test in quiet (FBE) at
65dB and 80dB, and the Oldenburg Sentence Test (OLSA) at 65dB noise with adaptive
speech sound level. The Abbreviated Profile of Hearing Aid Benefit (APHAB) was
used to assess subjective hearing impairment, and the Audio Processor Satisfaction
Questionnaire (APSQ) was used to assess subjective satisfaction.
Results: The speech processor upgrade resulted in a significant improvement of
speech understanding in quiet at 65dB (mean difference 8.9± 25.9 percentage points,
p< 0.001) and 80dB (mean difference 8.1± 29.7 percentage points, p< 0.001) and
in noise (mean difference 3.2± 10.7dB signal-to-noise ratio [S/N], p= 0.006). Using
the APHAB, a significant improvement (mean difference 0.07± 0.16, p< 0.001) in
hearing impairment was demonstrated in all listening situations. The APSQ showed
significantly higher patient satisfaction with the new speech processor (mean
difference 0.42± 1.26, p= 0.006). A comparative assessment of the benefit based on
subjective and speech audiometric results identified a proportion of patients (35–42%)
who subjectively benefited from the upgrade but had no measurable benefit based on
speech audiometry.
Conclusion: There was a significant improvement in audiologically measurable
and subjectively reflected speech understanding and patient satisfaction after the
upgrade. In patients with only a small improvement in audiologically measurable
speech understanding, the subjective benefit should also be assessed with validated
measurement instruments in order to justify an upgrade to the payers in the health
sector.
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Table 1 Fitting situation of the patients before and after upgrade (n=99)
Company Speech processor before upgrade Speech processor after upgrade

Freedom n= 1 CP 950 (Kanso) n= 2

CP 810 n= 13 CP 1150 (Kanso 2) n= 3

CP 910/920 n= 13 CP 1000 n= 23

Cochlear
(n= 28)

CP 950 (Kanso) n= 1 – –

Duet 2 n= 3 Sonnet n= 3

Opus 2 n= 42 Sonnet 2 n= 41

Sonnet n= 11 Rondo 2 n= 11

MED-EL
(n= 69)

Rondo n= 13 Rondo 3 n= 14

Q70 n= 2 Q90 n= 1Advanced
Bionics
(n= 2)

– – M90 n= 1

The advancement of externally worn
cochlear implant (CI) speech processors
is a continuous process. New speech
processor developments often focus on
ergonomic improvements, such as smaller
processor size, improved usability through
enhanced controls, or connectivity for ex-
ternal devices [27]. By optimizing speech-
coding strategies, signal processing, and
microphone technologies, new speech
processors can also help to improve au-
ditory performance [4, 9, 21, 24]. This
includes, for example, the introduction of
new directional microphone options but
also possibilities for automatic adaptation
to special listening situations or noise
reduction [18–20, 25]. Many of these
features have been adopted from modern
conventional hearing aids. Moreover, the
connectivity with external devices, such
as phones, tablets, etc., allows hearing-
impaired patients to meet everyday com-
munication requirements more easily and
better [27]. Once new speech processors
are approved, they will become standard
processors for future CI patients. However,
long-time CI users can also benefit from
an upgrade to a new speech processor, as
these are almost always compatible with
the previous implants [4, 18]. Therefore,
patients who are already fitted with a CI
can be re-evaluated for a new speech pro-
cessor every 6 years. Since this upgrade is
associated with high costs for the health
insurance carrier, it is necessary to prove
the additional benefit of an upgrade.
The requirements of the medical services
of the health insurance companies in
this care process are aimed preferably
at a documentation of the audiological
benefit [16]. However, previous studies

have already shown that the subjective
benefit of patients in the CI fitting process
does not fully correspond with the au-
diological results [6, 26]. To address this
discrepancy, the use of patient-reported
outcome measures (PROMs), especially
quality-of-life measures, is increasingly
required in the CI care process, also in
accordance with the new CI guidelines
[8]. However, there are no standardized
recommendations for the use of PROMs in
the process of speech processor upgrade.
Especially for patients without audiolog-
ical benefit after testing a new speech
processor, it is necessary to provide more
evidence for the documentation of the
subjective benefit.

The primary aim of the present study
was therefore the standardized documen-
tation of the subjective benefit of speech
processor upgrade in experienced CI users
after testing a new speech processor over
a period of 4 weeks. Furthermore, the au-
diologicalbenefitof theupgradeshouldbe
recorded and compared with the benefit
reported by the patients.

Patients andmethods

The clinical study was reviewed and ap-
proved by the ethics committee of the
TU Dresden (BO-EK-251062020). As part
of the routine treatment process, audio-
logical and subjective outcomes with new
and old speech processor were analyzed
in adults already fitted with a CI for many
years in the recording period 2019–2022.

Speech comprehension in quiet and
in noise was recorded before the upgrade
with the old speech processor (test time 1)
and after a 30-day test phase with the new

speechprocessor (test time 2) from the im-
plant companies MED-EL (Innsbruck, Aus-
tria), Cochlear (Sydney, Australia) and Ad-
vanced Bionics (Valencia, CA, USA). Sub-
jective hearing impairment and satisfac-
tion with the speech processor were also
recorded at both test time-points using
PROMs.

Audiological parameters

The speech audiometric tests were per-
formed with the clinical audiometers
AT 900 and AT 1000 (Auritec, Hamburg,
Germany) in free-field conditions.

To assess speech comprehension in
quiet, the Freiburg Monosyllable Test was
performed in free field with new and old
speech processors at 65dB and 80dB.
The contralateral side was unaided at the
time of testing and was masked depend-
ing on the hearing loss. The Oldenburg
Sentence Test (OLSA) was also performed
with the old and new speech processor
without fitting the contralateral side. The
measurement was performed adaptively
at 65dB noise and adaptive sound pres-
sure level in the configuration signal and
noise from the front (S0N0). The speech
reception threshold was determined as
the outcome parameter.

Patient-reported outcome
measurements

Abbreviated Profile of Hearing Aid
Benefit
TheAbbreviatedProfileofHearingAidBen-
efit (APHAB) was published in 1995 by Cox
and Alexander as a further development
of the Profile of HearingAid Benefit (PHAB)
questionnaire and is the most frequently
used measurement instrument in conven-
tional hearing aid fitting for the subjective
assessment of hearing ability as well as for
the evaluation of the benefit of hearing
aid fitting [7]. The instrument is avail-
able in 18 languages, and the German
version has been validated and standard-
ized [15]. Patients are asked to evaluate
on a seven-point scale the extent to which
they feel impaired by their hearing loss in
the situation described. Lower scores are
associated with lower subjective impair-
ment. The questionnaire includes three
scales to assess hearing in specific listen-
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Fig. 18 ComparisonofFreiburgermonosyllables inquiet at 65dBand80dBwitholdandnewspeech
processor (n= 99)

ing situations—EC scale (ease of commu-
nication; simple listening situation with-
out background noise), BN scale (back-
ground noise; listening with background
noise), RV scale (reverberation; listening
in large rooms with echo or reverberation
situations)—and a scale to characterize re-
actions to environmental sounds, the AV
scale (aversiveness of sounds, hearing per-
ception of loud situations).

Audio Processor Satisfaction
Questionnaire
The Audio Processor Satisfaction Ques-
tionnaire (APSQ) was developed and val-
idated to assess satisfaction with the cur-
rent speech processor in German [5]. The
APSQ consists of three subscales (Comfort,
Social Life, Usability) made up of five items
each, which are answered using a visual
analog scale from 0 to 10. The items are
taken from the Hearing Implant Sound
Quality Index (HISQUI) and the Speech,
Spatial andQualities of HearingScale (SSQ;
[1, 10]). Higher scores are associated with
higher patient satisfaction.

Minimal Clinical Reported Difference
The anchor-based Minimal Clinical Re-
ported Difference (MCID) was determined
for the assessment of clinically relevant
improvement in PROMs [2, 3, 13]. The
anchor-based approach to determine the
MCID compares the change within the
PROM score with an external criterion,
a so-called anchor. A questionnaire, a so-
called Global Rating of Change (GRC), was
used for this purpose, with which the
patients evaluated the change in their
disease-specific condition following the
speech processor upgrade [13]. A 10-
point scale was used as the GRC with
a range from –5 (severely worsened) to
0 (unchanged) to +5 (severely improved).
Results from >–1 to <+1 were consid-
ered no change or insignificant change
and were excluded from the analysis.
Results of ≥–2 to ≤–1 or ≥1 to ≤2 were
considered a small change, equivalent to
MCID; results from ≥–3 to ≤–2 or ≥2 to
≤3 were considered moderate change,
results from≥–4 to ≤–3 or ≥3 to ≤4 were
considered large change, and results from
≥–5 to ≤–4 or ≥4 to ≤5 were considered

very large change [13]. To calculate the
MCID, we considered the PROM scores of
patients who had scores of ≥–2 to ≤–1
or ≥1 to ≤2 in the GRC. The average
of the PROM score difference from the
measurement before and after speech
processor upgrade yielded the MCID.

Statistical analysis

Statistical analysis was performed using
SPSS (IBM® SPSS® software platform,
Ehningen, Germany) and OriginPro 2022
(OriginLab, Northampton, MA, USA). In
the case of normal distribution, a t testwas
used for statistical comparison of means
before and after speech processor up-
grade. The significance level was defined
as p≤ 0.05. Mean and standard devia-
tion are shown as characteristic values of
descriptive statistics.

Results

Data from 99 patients (55.4% female
and 44.6% male) with a mean age of
60.6± 16.8 years (range: 17–88 years)
were analyzed.

Of these patients, 69 were fitted with
a MED-EL implant, 28 with a Cochlear im-
plant, and two with an Advanced Bionics
implant (. Table 1).

Speech audiometric results

With the new speech processor, the
FreiburgMonosyllableTestshowedahighly
significant improvement in speech com-
prehension in quiet at 65dB and 80dB
compared to the previous processor
(mean difference 8.9± 25.9 percentage
points and 8.1± 29.7 percentage points,
respectively, p< 0.001, . Fig. 1). The
OLSA showed a significant improve-
ment in speech reception threshold from
5.8± 13.2dB S/N to 2.6± 7.3dB S/N (mean
difference 3.2± 10.7dB S/N, p= 0.006) af-
ter speech processor upgrade.

Patient-reported outcome measures

When subjective hearing was assessed us-
ing the APHAB, a significant (mean dif-
ference 0.07± 0.16, p< 0.001) subjective
benefit from speech processor fitting was
found for the total score (. Fig. 2). In the
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Fig. 28 Comparison of subjective hearing impairment based on theAbbreviated Profile of Hearing
Aid Benefit (APHAB) with old andnew speech processor (n=99). EC ease of communication, quiet
environment;BN backgroundnoise,RV reverberation,AV aversiveness of sounds, aversion to loud
sounds, Total 99< score

satisfaction assessment using the APSQ,
a significant benefit of care after speech
processor upgrade was found for the to-
tal score (mean difference: 0.42± 1.26,
p= 0.006) and the subscales Social Life
(mean difference: 0.54± 1.66, p= 0.001)
andComfort (meandifference: 0.57± 1.72,
p= 0.008; . Fig. 3).

Comparison of speech audiometric
and subjective evaluation

To assess a speech audiometric improve-
ment due to the new speech processor,
a cut-off value of≥ 20 percentage points
in the Freiburg Monosyllable Test at 65dB
or an improvement of 2dB S/N in theOLSA
was set according to thehearingaid guide-
line [11]. Anchor-based MCID of≥ 3.8 per-
centage points was determined for the
APHAB total score and 0.74 points for the
APSQ total score.

When the Freiburg Monosyllabic Test
and the APHAB total score were consid-
ered together, 47 patients (47.5%) showed
consistent positive or negative results,

whereas 52 patients (52.5%) showed in-
congruent results in this regard. Overall,
42.2% of the patients showed a subjective
improvement of hearing in the APHAB,
although there was no improvement in
the Freiburg Monosyllable Test (. Fig. 4a).

When the subjective satisfaction of the
upgrade was compared using the APSQ
with the results of the Freiburg Monosyl-
lableTest, 63patients (63.6%) showedcon-
sistent positive or negative results. An in-
congruent evaluation was found for 36 pa-
tients (36.4%). Using theAPSQ, 19patients
(19.2%) could be identified who subjec-
tively benefited from the upgrade but did
not show an improvement in speech com-
prehension in noise (. Fig. 4c).

When the results of the OLSA and
APHAB were considered together, 50 pa-
tients (50.5%) showed consistent positive
or negative results, while 49 patients
(49.5%) showed incongruent ratings of
the speech processor upgrade (. Fig. 4b).

Also, when analyzing the benefit us-
ing OLSA and APSQ, a total of 41 patients
(41.4%) were identified with different re-

sults in speech audiometry and subjective
assessment, respectively (. Fig. 4d).

Discussion

The present studywas designed to be con-
ducted as part of the routine process of
speech processor upgrade. The objective
was to evaluate the audiological benefit
and the value of integrating PROMs in this
process of CI care. The evaluation of in-
dividual processor characteristics was not
the objective of this study. To evaluate in-
dividual properties of a specific processor
of an implant company, a controlled study
taking into account aspects of hearing bi-
ography, age, fitting situation of the con-
tralateral side (e.g., bimodal fitting, single-
sided deafness), and year of implantation
is necessary. The present study, on the
other hand, aims at the actual benefit of
the speech processor upgrade for the in-
dividual patients in everyday life within
the framework of continuous recording
including all patients during a fixed pe-
riod of time on the basis of audiological
and subjective evaluation criteria. Due to
the continuous recording and the lack of
selection criteria, there was a high het-
erogeneity in the included patients, es-
pecially with regard to age, duration of
hearing loss, but also implantation period
and implant selection. In a similarly het-
erogeneous group of 233 adults and 261
children/adolescents, speech comprehen-
sion before and after speech processor
upgrade was compared [23]. There was
a significant improvement in speech com-
prehension of 17.5% in the adult group
and 10% in the child/adolescent group.

Previous studies have consistently
shown a significant improvement in au-
diological benefit for each generation of
speech processors. Since it is difficult
to match patients with respect to hear-
ing parameters and demographic data
when comparing different generations of
processors, the comparison of different
processors was often made during the
clinical fitting process, so that the evalu-
ated group of patients was also included
as their own control group in nearly all
studies. The majority of studies to date
have evaluated the benefit of a specific
processor from one implant company. For
example, clinical studies have confirmed
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Fig. 38 Comparison of satisfactionwith the old andnew speech processor, recordedwith theAudio
Processor SatisfactionQuestionnaire (APSQ;n=99)

the advantageof theupgrade to theCP810
[18], the C910 [4, 20, 22, 25], the CP1000
[27], the Rondo [17], and the Opus 2 [14,
24]. By contrast, individual studies ex-
plicitly evaluate individual technological
innovations of a new speech processor
in the context of reprovisioning, for ex-
ample, the effect of specific directional
microphonemodes [19], signal processing
strategies [21], or the speech processor’s
connectivity to external devices [27].

Due to the divergent measurement
methodology in the individual studies
with regard to the speech material used
and the test sound pressure levels used,
a cross-study evaluation of the benefit
of speech processor conversion is hardly
possible. Based on the current state
of studies, an average improvement of
3–15% is found for monosyllabic test
words at 60–65dB SPL [4, 14, 18, 23,
24]. When measuring with multisyllabic
numbers, previous studies have not found
a significant improvement related to the
upgrade, which at this point can be at-
tributed to a ceiling effect [14]. However,
when evaluating the improvement in
speech comprehension, it is not only the

average increase inspeechcomprehension
that is important, but also the proportion
of patients in whom a clinically relevant
improvement in speech comprehension is
evident from audiological measurements.
At this point, a statistically based MCID
for the Freiburg Monosyllable Test would
be helpful. In routine clinical practice, the
difference of 20%, which is taken from
conventional hearing aid fitting andwhich
is deposited in the hearing aid guidelines,
is typically used as a reference [11]. How
many patients actually experience a 20%
improvement in speech comprehension
has only been sporadically documented in
previous studies. In the study by Mosnier
et al., for example, 37% of the 35 pa-
tients analyzed showed an improvement
of at least 20% [18]. Particularly in pa-
tients with good speech comprehension,
a ceiling effect is to be expected in the
measurements in quiet, so that no addi-
tional audiological benefit from speech
processor upgrade is measurable in these
patients. For example, Seebens and Diller
showed a smaller improvement (7%) in
speech comprehension in patients with
already very good speech comprehension

compared to the group of all patients ana-
lyzed (10%) when evaluating the upgrade
to the Opus 2 [24]. Also in patients who
did not develop speech comprehension
after CI rehabilitation, it is difficult to
determine an audiological added value
by the upgrade, so that especially for
these patients the use of psychometric
measurement instruments to assess the
subjective benefit is appropriate.

The audiological criteria used by the
health insurance companies to assess the
need for an upgrade are based on the ac-
ceptance criteria for conventional hearing
aid fittings. For example, an improvement
in speech comprehension of –2dB S/N in
the Oldenburg sentence test is required
as a success criterion. By using sentence
tests in noise, the aim is to reproduce au-
dioverbal everyday communication. How-
ever, theOldenburg sentence test can only
be performed on patients who achieve
speechcomprehensionwiththeCI.Across-
study evaluation of speech processor up-
grade is currently not possible due to di-
vergent measurement methodology and
missing reporting standards even in Ger-
man-speaking countries. There was a ten-
dency, analogous to our study, to show an
improvement in speech comprehension in
noise [4, 12, 18–20, 23, 24], although it
must be taken into account that individual
studies explicitly focused on the evalua-
tion of specific noise reduction algorithms
or directional microphone modes [12, 19].
In order to capture the advantage of these
new developments in each generation of
speech processors, it may be helpful to
adapt the measurement methodology or
set-up for evaluating speech comprehen-
sion in noise. For example, the added
value of directional microphones only be-
comes apparent when measured with lat-
eral noise exposure [12].

In Germany, the APHAB questionnaire
has been mandatory for years as part of
ahearingaidevaluation inaccordancewith
the hearing aid guidelines. With the help
of the APHAB, deficits with a therapeutic
dimension can be specifically identified,
both for the individual patient and for the
further development of the hearing aids.
The validation of the German APHAB is
only available for its use in the fitting pro-
cess with conventional hearing aids. How-
ever, due to its international availability,

HNO · Suppl 1 · 2024 S29



Original articles

FM65+/APHAB+ (n=17; 17.2%) FM65+/APHAB- (n=10; 10.1%)

FM-/APHAB+ (n=42; 42.4%) FM65-/APHAB- (n=30; 30.3%)

OLSA+/APHAB+ (n=24; 24.2%) OLSA+/APHAB- (n=14; 14.1%)

OLSA-/APHAB+ (n=35; 35.4%) OLSA-/APHAB- (n=26; 26.3%)

FM65+/APSQ+ (n=10; 10.1%) FM65+/APSQ- (n=17; 17.2%)

FM-/APSQ+ (n=19; 19.2%) FM65-/APSQ- (n=53; 53.5%)

OLSA+/APSQ+ (n=13; 13.1%) OLSA+/APSQ- (n=25; 25.2%)

OLSA-/APSQ+ (n=16; 16.2%) OLSA-/APSQ- (n=45; 45.5%)

a b

c d

Fig. 48 Combined consideration of change in patient-reported outcomemeasures and speech audiometric results.+ im-
provement, – no improvement, FM Freiburgermonosyllables,OLSAOldenburger Sentence Test.Defined cut-off values: FM
20%,OLSA2dBS/N,AbbreviatedProfileofHearingAidBenefit (APHAB)≥ 3.8percentagepoints,AudioProcessorSatisfaction
Questionnaire (APSQ) 0.74 points

the APHAB is also increasingly used for
the evaluation of CI fitting. The APHAB fo-
cuses on the physical domain of hearing
loss and is therefore suitable for assessing
hearing with old and new speech pro-
cessors from the patient’s point of view.
For all four hearing situations, the patients’
perspective showed a significant improve-
ment in hearing after the speechprocessor
upgrade. Clinical studies on the subjec-
tive benefit of the upgrade are currently
only sporadically available. Mosnier et al.
showed an improvement in hearing with
background noise and reverberant envi-
ronments when converting to the CP810,
but no subjective benefitwhen converting
to the CP 910 using the APHAB [18].

In order to cover further aspects of
speechprocessorfittingrelevantfor thepa-
tients, another measuring instrument has
to be used. Especially to evaluate wearing
comfort and handling of a speech proces-

sor, some research groups designed their
own questionnaires, partly specified for
a specific speech processor, which can-
not be recommended for widespread use
due to the lack of evidence of validity
and reliability. Based on these question
lists, a supply advantage with respect to
wearing comfort, operation, and hearing
impairment with the new processors be-
came apparent [14]. Since these question
lists were mostly designed for a specific
speech processor, their application when
comparingdifferentgenerations of speech
processors is not possible without some
doubt involved. This methodological gap
could be closed by providing the APSQ
developed and validated in German [5].
Although a ceiling effect was found in the
previously published study on the valida-
tion of the APSQ [5], significant differences
in the total score aswell as the subdomains
between old and new speech processors

could be identified in our study. The great-
est methodological uncertainty arises in
the use of psychometric measurement in-
struments but also in speech audiometry
as a psychoacoustic test procedure due to
possible biases, since patients perform the
test procedures with the knowledge that
they will only receive the new speech pro-
cessor if it is proven to be superior. How-
ever, due to the study methodology and
the routine clinical process for evaluating
the benefit of speech processor replace-
ment, randomized blinded testing is not
possible.

In addition to the standardized assess-
ment of subjective hearing impairment
and subjective satisfaction with the re-
spective speech processors, both mea-
surement instruments can also be used
to identify patients who do not show any
additional audiometric benefit from the
speech processor upgrade but who sub-
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jectively report a relevant benefit. In our
study, a proportion of 35–42% of patients
could be identified who did not show any
gain in speech comprehension in the au-
diological examinations, but who subjec-
tively reported a relevant improvement in
hearing. In order to be able to justify
the upgrade to the health insurance at
this point, the inclusion of psychometric
measurement instruments in this aspect of
CI upgrade should be further supported,
since audiologicalmeasurements alonedo
not adequately reflect the benefit of the
patients.

As the assessment of specific processor
characteristics was not part of the present
analysis, it remains unclear which spe-
cific characteristics of new generations of
speech processors contribute to the sub-
jective benefit of individual patients. Since
no control group was chosen, a highly rel-
evant placebo effect cannot be excluded.
In follow-up studies with an appropriate
control group, the extent of this effect
must be identified in order to be able to
use the results of the PROMs as a scientific
basis for argumentation.

The current requirement in the assess-
ment guidelines of the MDK [16] for a “sig-
nificant” improvement of speech compre-
hension inquietor innoiseafter the speech
processor upgrade for the permission of
thenewspeechprocessorcurrentlyreflects
only a very limited view of the payers on
this upgrade process. A conclusive so-
ciomedical assessment as a basis for the
decision of the healthcare providers re-
quires a comparison of the requested and
the assessed need for care, which can-
not be determined solely on the basis of
audiological data in the case of speech
processor upgrade. The combination of
different evaluation levels, taking into ac-
count validated audiological and psycho-
metric measurement instruments, should
in future lend greater weight to applica-
tions for the upgrade in the interests of
the patient.

Practical conclusion

4 The fitting of a new speech processor in
patients with cochlear implants leads to
an improvement of speech comprehen-
sion in quiet and in noise as well as to
an optimization of the subjective hearing

impairment and the satisfaction of the
patients.

4 Patient-reported outcome measures
(PROMs) can be used to identify patients
who subjectively benefit from a speech
processor upgrade but do not show im-
provement in speech audiometric assess-
ments.

4 In order to provide a comprehensive, indi-
vidualized assessment of benefit, PROMs
should be integrated into the routine
speech processor fitting process.

4 In addition to speech audiometric data,
PROMs should provide a basis for argu-
mentation when applying to payers for
approval of the upgrade.
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