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W) Check for updates

Factors influencing time to speech processor
upgrades

Christie Hung", Emily R. Spitzer ©2, Susan B. Waltzman?
'New York University Grossman School of Medicine, New York, NY, USA, *Department of Otolaryngology —
Head and Neck Surgery, New York University Grossman School of Medicine, New York, NY, USA

Objective: Cochlear implant (Cl) speech processors have undergone technological advancements.
Therefore, patients upgrade speech processors when new features are available or when their previous
device becomes broken and is no longer serviceable. This study aimed to identify factors that impact the
time to a speech processor upgrade and to evaluate patient experiences with upgrading and following
upgrade.

Methods: In this retrospective cohort study, 46 Cl surgeries at a single tertiary care center in 2017 and that
subsequently received a speech processor upgrade were included. Data on patient demographics, hearing
loss history, Cl manufacturer, insurance type and status, and configuration were collected. Time to first
upgrade, reasons for upgrade, patient-reported satisfaction, and speech perception scores were analyzed.
Results: The mean time to a speech processor upgrade was 5.13 years after implantation. The most
common reason for an upgrade was the device being over five years old, followed by the device being
out of warranty. 45.7% of patients expressed satisfaction with speech processor upgrade, while 8.7%
were not satisfied. There were no statistically significant associations between the time to upgrade and
demographic factors such as age, sex, insurance type, or Cl manufacturer. Following the upgrade, there
were no significant changes in speech perception scores.

Conclusion: Speech processor upgrades at this center align with when insurance companies typically deem
upgrades medically necessary. Demographic factors, insurance, and device manufacturer did not
significantly influence time to upgrade. While objective speech perception measures did not significantly
improve, many patients reported subjective satisfaction with the upgrade.

Keywords: Cochlear implant, Speech processors, Upgrades, Insurance, Speech perception

Introduction
Cochlear implants (CIs) have been used to restore
hearing for patients with moderately severe-to-pro-

enhanced Bluetooth connectivity allowing for
remote programming and app-based control
(Maruthurkkara, Allen, et al., 2022;

found hearing loss since the mid-1980s (Hainarosie
et al., 2014). The CI consists of an internal component
surgically implanted and an external component worn
behind or off the ear (Biever et al., 2018; Hainarosie et
al., 2014; Incerti, 2023). The external system consists
of multiple components, including a microphone,
speech  processor, transmitter, and magnet
(Hainarosie et al., 2014). The speech processor picks
up sound with a microphone to transmit to the CI
(Incerti, 2023).

There have been advancements in speech processors
for objective benefits and quality-of-life aspects, such
as ergonomics, reduced physical size, and improved
connectivity to external devices (Hey et al., 2021;
Shin et al., 2024). Speech processors have also had

*Correspondence to: Emily R. Spitzer, Department of Otolaryngology —
Head and Neck Surgery, New York University Grossman School of
Medicine, 550 First Avenue NBV-5E5, New York, NY 10016, USA. Email:
emily.spitzer@nyulangone.org

Maruthurkkara, Case, et al., 2022; Shetty et al.,
2023; Slager et al., 2019; Vormelcher et al., 2025,
Warren et al., 2019). Manufacturers have improved
sound processing, such as with new directional micro-
phone options and ‘front end’ processing features like
digital noise reduction and automatic scene analysis
(Obrycka et al., 2022; Warren et al., 2019). Speech
processor upgrades have been shown to improve
speech perception, hearing satisfaction, and hearing
sensitivity (Mosnier et al., 2021; Shin et al., 2024).
Typically, once a new speech processor obtains
regulatory approval, it becomes the default processor
for new implant recipients (Warren et al., 2019).
However, patients already implanted may also
upgrade their speech processors if the new speech pro-
cessors are compatible with earlier implants. There are
likely multiple factors involved in speech processor
upgrades. One contributing factor is the limited
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lifespan of speech processors, which eventually
necessitates replacement. Another contributing
factor is if a patient desires an upgrade before an
urgent replacement is needed, such as if a new
speech processor has desirable benefits. However, in
these cases, insurance may not cover the upgrade
and the replacement may be more costly (Warren et
al., 2019).

Previous studies on upgrades to more recent speech
processors have shown varied benefits in speech per-
ception scores. Studies on fifty-five patients who
have used CIs for more than 10 years and received
speech processor upgrades to the Nucleus 7 found
that there were improvements in hearing sensitivity
as demonstrated in aided thresholds and better satis-
faction after the upgrade (Shin et al., 2024).
However, speech perception based on recognition
scores for monosyllabic words, bisyllabic words, and
sentences remained similar (Shin et al.,, 2024).
Another study on hearing outcomes on 297 children
who were upgraded to Nucleus 7 or Kanso 2
(Cochlear Corp), or Sonnet 2 or Rondo 3 (Med-El)
during the COVID-19 pandemic found significant
improvement in speech discrimination in noise, as
well as patient-reported improvement in less hearing
disability and more satisfaction (Obrycka et al.,
2022). A retrospective cohort study on innovations
for speech processors and Consonant-Nucleus-
Constant (CNC) and Hearing in Noise Test (HINT)
in quiet found that newer speech processors are
associated with improved CNC scores, but not
HINT scores (Dixon et al., 2019).

While studies have documented benefits of newer
speech processors, there are no studies to our knowl-
edge documenting factors that influence time to
speech processor upgrades or factors influencing the
decision to upgrade (Dixon et al., 2019; Warren et
al., 2019). The goal of this study was to understand
the experience of patients who received speech pro-
cessor upgrades and explore potential factors that
may impact the time to receive speech processor
upgrades.

Methods

The study was approved by the NYU Langone IRB
study #s25-00219. All adults (at least 18 years old)
who received non-revision surgeries in 2017 and
received a speech processor upgrade at the NYU
Cochlear Implant Center were included in the study
(n =71). Patients receiving CIs in 2017 were chosen
because at the time of analysis, the patients could be
at least 5 years post-implantation, which is historically
the timepoint at our center at which patients could
have their speech processor upgraded. Data were ana-
lyzed through April 2025. Patients who were lost to
follow-up (24 patients), had their CIs removed later
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(1 due to finding of an acoustic neuroma) or deceased
(1 patient) were excluded from analysis. Four patients
did not receive a speech processor upgrade. 46 total
CIs were included for analysis. 37 Cls were from
Cochlear, 5 CIs were from Med-El, and 4 CIs were
from Advanced Bionics (AB).

Demographic variables collected from patient
charts, include hearing loss history (e.g. age at implan-
tation, hearing loss etiology, duration of deafness), CI
details (e.g. manufacturer and electrode), and con-
figuration after CI surgery (bimodal, unilateral or
bilateral). Speech processors at activation were also
collected, including manufacturer and model.
Information related to speech processor upgrades
were collected, including whether the patient received
an upgrade, which speech processors patients were
upgraded to, and time to upgrade. Time to upgrade
was calculated from the date of CI activation to date
of first upgrade noted in the chart. Only the first
speech processor upgrade that a patient received was
analyzed.

Clinicians note in their visit whether a patient is due
for an upgrade and the reason for speech processor
upgrades were documented from the clinical notes in
preceding visits. We categorized reasons for upgrade
by patients having the speech processor for over five
years, the device being out of warranty and func-
tional, the device being out of warranty and broken,
obsolete speech processor, specific features of new
speech processor and any problems with their existing
speech processor. We also noted any other patient
specific factors. Additionally, some patients had
more than one reason noted for speech processor
upgrade.

Following receipt of the new processor, patients
were seen for programming the device. At the follow-
ing visit within the next year after the speech pro-
cessor upgrade visit, the clinician noted patient
impression of device, and those notes documented
satisfaction with speech processor upgrades. Notes
were categorized into four categories: not satisfied,
no opinions noted, satisfied, and satisfied with a
specific feature noted. Patients whose charts noted
‘no concerns noted’ were considered to have no
opinions noted about speech upgrade. Patients
whose charts noted generally positive feedback
without mentioning any other specific defining fea-
tures of the new speech processor, such as ‘very
happy,” ‘things going well,” ‘hearing better,” ‘sound is
good,” and ‘good satisfaction” were categorized to be
satisfied. Patients whose charts noted a specific
feature in addition to good satisfaction were categor-
ized as satisfied with a specific feature noted. Patients
who noted a feature they were unhappy with after
speech processor upgrade were categorized as not
satisfied.



Speech perception data included scores for the
implanted ear for word (CNC, and sentences in
quiet (AzBio Q)), and in a signal-to-noise ratio of
+10 dB (AzBio N) (Peterson & Lehiste, 1962; Spahr
et al., 2012). Speech perception data was collected
from a visit as close as possible from the speech pro-
cessor upgrade date. These were collected at a mean
of 1.84 years (range 0-5.94 years) before the date of
speech processor upgrade and 1 year after the
speech processor upgrade. Datalogging, or average
daily processor usage, was also collected at a mean
of 1.84 years before the date of speech processor
upgrade and 1 year after the speech processor
upgrade (Lindquist et al., 2023). If speech perception
data were not available prior to or following the
upgrade, the patient was not included in speech per-
ception data analysis.

Statistical analyses were conducted using Pearson
correlation for quantitative variables and time to
upgrade. Time to upgrade was compared using T-
tests for two categories and analysis of variance for
multiple categories. Paired T-tests were used to
compare speech perception scores and datalogging
hours before and after the speech processor
upgrade. A p-value of <0.05 was considered statisti-
cally significant. Descriptive statistics were used to
assess all other qualitative data.

Results

46 non-revision CI surgeries were included in the
study. At the time of implantation, the median age
of the patients was 65.6 years (interquartile range
(IQR): 17.83 years), and the mean age was 63.5
years (standard deviation (SD): 14.58 years). At the
time of implantation, the majority had a bimodal con-
figuration (63%), while 28% had sequential bilateral
CIs and 8.7% had unilateral CIs. The majority of
patients were female (71.7%), had Medicare insurance
as primary insurance (76.1%), and had a secondary
insurance coverage (78.3%). Half of the patients had
an unknown etiology of hearing loss. Further demo-
graphic details are shown in Table 1. 37 CIs were
from Cochlear, 5 CIs were from Med-El, and 4 CIs
were from AB. All patients at our center receive two
speech processors at activation. Details of upgraded
processor models are shown in Table 2.

Experience with speech processor upgrades
Overall

32.6% (15 patients) of patients who received speech
processor upgrades were classified as satisfied based
on pre-determined statements in charts as described
in the Methods section. 45.7% (21 patients) did not
note any opinions about the speech processor
upgrades, 13.1% (6 patients) noted a specific feature
they were satisfied with, and 8.7% (4 patients) were
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not satisfied with the speech processor upgrade
(Figure 1).

The six patients that noted a specific feature they
were satisfied with noted enjoying the sound quality,
clarity of the sound, speech discrimination, streaming,
and accessories. Four of these patients had devices
from Cochlear and two patients had devices from AB.

The four patients that noted problems after speech
processor upgrades noted continued sound quality
problems, difficulty with speech discrimination, diffi-
culty with rechargeable battery life, and that the
speech processors were physically too big and bulky.
Two patients had devices from Cochlear, one patient
had a device from Mel-El, and one patient had a
device from AB.

Cochlear

37 patients had CIs from Cochlear. Patients with
Kanso speech processor at activation upgraded to
Kanso 2 (8 patients), Nucleus 7 (N7) (7 patients), or
Nucleus 8 (N8) (7 patients). Patients with the
Nucleus 5 (N5) speech processor at activation
upgraded to Nucleus 6 (N6) (1 patient) or N7 (2
patients). Patients with the N6 speech processor
upgraded to N7 (2 patients), N8 (5 patients), or
Kanso 2 (1 patient). Lastly, patients with the N7
speech processor upgraded to N8 (3 patients) or
Kanso 2 (1 patient). 37.8% of patients (14 patients)
were satisfied without a specific feature noted and
10.8% (4 patients) were satisfied with a specific
feature noted. These patients noted enjoying the
sound clarity, sound quality, streaming, and acces-
sories. 46.0% (17 patients) had no opinion noted
about the upgrade and 5.4% (2 patients) were not sat-
isfied with the upgrade. One patient noted intermit-
tent difficulty with hearing with the upgrade and
another patient noted the new device was thick and
stuck out too much and that the batteries did not
last as long.

AB

4 patients had CIs from AB. All 4 patients upgraded
from Naida Q90 speech processor at activation to
Naida Marvel. 50% of patients (2 patients) noted a
specific feature they enjoyed from the speech pro-
cessor and no patients were satisfied without a specific
feature noted. These patients noted enjoying better
speech discrimination, direct Bluetooth connection,
and a crisper and sharper sound quality. 25% of
patients (1 patient) had no opinion about the speech
processor upgrade. 25% of patients (1 patient) were
not satisfied with the speech processor upgrade due
to difficulty with speech discrimination.

Med-El
5 patients had CIs from Med-El. Patients with Sonnet
at activation upgraded to Sonnet 2 (1 patient) or

Cochlear Implants International 2026 voL. 27 NO. 2

159



Hung et al. Factors influencing time to speech processor upgrades

Table 1 Demographic details

Measure n =46

Etiology of hearing loss 7 family history/genetic, 4 possible noise-induced, 2 meningitis, 2 Meniere’s disease, 1
aminoglycoside toxicity, 1 EVA, 1 intracochlear schwannoma, 1 medulloblastoma, 1 NF2, 1
ruptured cerebral aneurysm, 1 Usher Syndrome Type lll, 1 viral illness, 23 unknown
Age at implantation Mean: 63.50 years (Standard Deviation: 14.58 years)
Median: 65.60 years (IQR: 17.83 years)

Sex (n, %)

Female 71.7% (33)
Male 28.3% (13)
Primary Insurance (n, %)

Medicare 76.1% (35)
Medicaid 2.2% (1)
Commercial 21.7% (10)
Secondary Insurance (n, %)

Medicare 2.2% (1)
Medicaid 8.7% (4)
Commercial 67.4% (39)
None 21.7% (10)
Configuration (n, %)

Bimodal 63.0% (29)
Bilateral 28.3% (13)
Unilateral 8.7% (4)
Cochlear Implant Manufacturer

(n, %)

Cochlear 80.4% (37)
Med-El 10.9% (5)
Advanced Bionics 8.7% (4)

Speech Processor #1 at
Activation (n, %)

Kanso 47.8% (22)
N6 17.4% (8)
Sonnet 8.7% (4)
Naida Q90 8.7% (4)
N7 8.7% (4)
N5 6.5% (3)
Rondo 2.2% (1)

Speech Processor #2 at
Activation (n, %)*

N6 37.0% (17)
Kanso 23.9% (11)
N7 10.9% (5)
N5 8.7% (4)
Sonnet 8.7% (4)
Naida Q90 8.7% (4)
Rondo 2.2% (1)

EVA: enlarged vestibular aqueduct; NF2: Neurofibromatosis Type 2; IQR: Interquartile Range
*All patients at our center receive two processors at activation.
Abbreviations: AB: Advanced Bionics, N5: Nucleus 5, N6: Nucleus 6, N7: Nucleus 7, N8: Nucleus 8.

Table 2 Specification of upgraded processor models

Speech processor at Speech processor Average time to upgrade (years (standard
Manufacturer activation upgraded to N deviation))
AB Naida Q90 Naida Marvel 4 (8.7%) 5.20 (0.91)
Cochlear Kanso Kanso 2 8 (17.4%) 5.44 (0.31)
Cochlear Kanso N7 7 (15.2%) 4.03 (2.57)
Cochlear Kanso N8 7 (15.2%) 6.10 (0.51)
Cochlear N6 N8 5(10.9%) 6.31 (0.84)
Cochlear N7 N8 3 (6.5%) 5.51(0.40)
Cochlear N5 N7 2 (4.3%) 0.52 (0.03)
Cochlear N6 N7 2 (4.3%) 5.39 (0.08)
Cochlear N5 N6 1(2.2%) 0.49 (0.00)
Cochlear N6 Kanso 2 1(2.2%) 5.31 (0.00)
Cochlear N7 Kanso 2 1(2.2%) 6.00 (0.00)
Med-El Sonnet Rondo 3 3 (6.5%) 5.73 (0.55)
Med-El Rondo Sonnet 2 1(2.2%) 5.66 (0.00)
Med-El Sonnet Sonnet 2 1(2.2%) 6.04 (0.00)

Abbreviations: AB: Advanced Bionics, N5: Nucleus 5, N6: Nucleus 6, N7: Nucleus 7, N8: Nucleus 8
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Patient Experience with Upgraded Devices

Overall Patient Experience
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Figure 1
processor upgrades.

Rondo 3 (3 patients). Patients with Rondo at acti-
vation upgraded to Sonnet 2 (1 patient). 20% of
patients (1 patient) were satisfied. 60% of patients (3
patients) did not state an opinion and 20% of patients
(1 patient) was not satisfied with the speech processor
due to sound quality problems.

Speech perception and datalogging outcomes

Overall

Speech perception scores and datalogging were only
available for a subset of patients (Figure 2). The
CNC (n =25), AzBio Q (n = 18), and AzBio N (n =
20) tests before speech processor upgrade had mean
score of 73%, 87%, and 73%, respectively. After
speech processor upgrade, CNC, AzBio Q, and
AzBio N tests had mean scores of 73%, 85%, and
65%, respectively. There were no statistically signifi-
cant differences before and after speech processor
upgrade (P =0.94, 0.38, 0.09, respectively). Daily
average use (n = 33) also did not significantly increase
after speech processor upgrade (mean 12.7 h before
upgrade versus 13.0 h after upgrade, P = 0.68).

Cochlear
The CNC (n=19), AzBio Q (n = 14), and AzBio N
(n = 15) scores before speech processor upgrade had
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Patient experience with speech processor upgrades. Barplots showing general patient experiences with speech

a mean of 73%, 86%, and 72%, respectively. After
speech processor upgrade, CNC, AzBio Q, and
AzBio N scores had a mean of 73%, 85%, and 62%,
respectively. There were no significant differences
before and after speech processor upgrade (P = 1.00,
0.83, 0.11, respectively). Datalogging (n = 28) also
did not significantly increase after speech processor
upgrade (mean 12.9 h before upgrade versus 13.1 h
after upgrade, P =0.75).

AB

The CNC (n = 4), AzBio Q (n = 2), and AzBio N (n =
4) before speech processor upgrade had mean scores
of 82%, 86%, and 76%, respectively. After speech pro-
cessor upgrade, CNC, AzBio Q, and AzBio N had
mean scores of 79%, 85%, and 75%, respectively.
There were no statistically significant differences
before and after speech processor upgrade (P =0.72,
0.66, 0.68, respectively). There was only one patients
with daily usage data before and after upgrade, so
daily could not be compared before and after
upgrade.

Med-El
The CNC (n = 2) and AzBio Q (n = 2) before speech
processor upgrade had a mean of 50% and 94%.
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After speech processor upgrade, CNC and AzBio Q
had a mean of 54% and 80%. There was not enough
data to compare AzBio N. There were no significant
differences before and after speech processor
upgrade (P=0.30 and 0.16, respectively).
Datalogging (n = 4) also did not significantly increase
after speech processor upgrade (mean 10.2 h before
upgrade versus 10.9 h after upgrade, P = 0.84).

Reasons given for speech processor upgrades

The most common reason cited for speech processor
upgrade is that it had been over five years since the
previous upgrade (18 patients, 39.1%). 17.4% (8) of
patients had their speech processors out of warranty,
at which time 5 of these patients (10.8% of total
study cohort) had functional devices and 3 of these
patients (6.5% of total cohort) had broken devices.
Performance issues with old speech processors noted
include that current batteries could no longer hold a
charge, the speech processor was intermittently
broken, difficulty connecting with software, intermit-
tency issues with current processor, and poor battery
life. 6.5% of patients had devices that were obsolete.
Three patients (6.5% of total cohort) identified
specific features of a newer speech processor that
they would like to upgrade to, including bimodal fea-
tures, better moisture control and easier to manage,
and battery life. The reason for upgrade was
unknown in 19.5% of patients in this cohort.

Five patients had multiple reasons noted for
upgrade. For four patients, it had been over 5 years
since activation, and the device was out of warranty
or obsolete. For one patient, the patient’s original
speech processor had batteries with problem holding
a charge and the patient identified new features of
speech processor upgrade.

Seven patients received a speech processor upgrade
in less than four years from CI surgery. Three of these
patients participated in a research study that offered a
speech processor upgrade. One patient purchased a
speech processor while on sale. Another patient
received surgery within few weeks of manufacturer
announcing new speech processor, so the patient
was eligible for upgrade per manufacturer policy.
Another patient received a sequential CI, so the
backup speech processor device from the newer CI
was programmed on the older CI. The last patient
had problems with their CI speech processor
holding a charge and identified features in the new
speech processor upgrade that appealed to them.
This patient upgraded their speech processor 3.96
years after CI surgery.

Thirteen patients received a speech processor
upgrade after more than six years. One of these
patients had a documented previous insurance
denial from their commercial in their chart (requested
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after five years) due to lack of medical necessity. The
patient later received a speech processor upgrade at
7 years after CI activation. For most of these patients,
patients received an upgrade due to it being over 5
years since cochlear implantation (5), device being
out warranty but still functioning (3), device being
out of warranty but broken (1), or device was obsolete

).

Factor influencing time to speech processor
upgrades

The mean time to speech processor upgrades was 5.13
years (SD: 1.75) and median time to speech processor
upgrade was 5.52 years (IQR: 0.75).

Demographic factors

No significant Pearson correlation was found between
age at implantation and time to speech processor
upgrade (r = 0.18, P = 0.24, n = 46). There was no sig-
nificant difference (P =0.82) in time to upgrade by
sex (mean 5.09 years (SD: 1.86) for females compared
to mean 5.22 years (SD: 1.53) for males). There was
no significant difference (P =0.26) in time to
upgrade by configuration (bimodal mean 5.54 (SD:
0.67), bimodal mean 4.82 (SD: 2.10), and unilateral
mean 6.05 (SD: 0.78)).

No significant differences were found by insurance
status (Figure 3). Patients with commercial, Medicare,
and Medicaid insurances had similar times (P = 0.74)
to speech processor upgrade. The mean time to
upgrade for commercial insurances was 4.8 years
(SD: 2.25), for Medicare was 5.19 years (SD: 1.6),
and for Medicaid was 6.0 years (n = 1, no standard
deviation). Patients had similar times (P = 0.58) to
upgrades regardless of whether they had secondary
insurances (with secondary insurance mean = 5.06
years (SD: 1.83) and without secondary insurance
mean = 5.38 years (SD: 1.51)).

Device and device manufacturer

There was no significant difference (P = 0.68) in time
to upgrade by device manufacturer (Advanced
Bionics mean 5.20 years (SD: 0.91, range 3.96 years
to 5.95 years), Cochlear mean 5.03 years (SD: 1.92,
range 0.06 years to 7.10 years), Med-El mean 5.78
years (SD: 0.41, range 5.28 years to 6.33 years))
(Figure 4).

Discussion

This study examined factors influencing time to
speech processor upgrades among adult CI recipients
and evaluated patient experiences and speech percep-
tion outcomes associated with these upgrades. This
included demographic factors and manufacturer of
CI and speech processor devices. This study provided
insight into patterns that impact speech processor
replacement.
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Speech Perception & Datalogging: Before vs. After Upgrade

CNC Score (%) AzBioQ Score (%)
Status Status
B Before B Before
I After . After
100 p= 0151
n=2 = n=18
80 L] P “018‘31
86.5% 550% 85.8% e 84.6%
80
;\? 60 §
< o
o s
g 8
g g 60
2 °
@
o
= b3
8 §
= 40 g
40
20
20
0 0
®
AzBioN Score (%) Dataloggmg (hours/day)
Status Status
B Before N Before
B After B After

14 p= o 745

12
m I
8
6
4
2
0

® \

p o p= °°95
7515

I ‘% I
&

Figure 2 Speech perception and datalogging before and after speech processor upgrade. Barplot comparing mean CNC,
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Figure 3 Time to upgrade by primary and secondary insurance types. Mean time to speech processor upgrade (in years) with
standard deviation error bars, grouped by primary insurance type (Medicare vs. Commercial vs. Medicaid) and secondary
insurance status (has secondary insurance or does not have secondary insurance).

Our study found that the mean time to upgrade was medically necessary at five years and cover upgrades
5.13 years. Historically, our center has found that at this time point. This study found that clinicians
insurance companies deem speech processor upgrades are recommending upgrades typically at five years of

Cochlear Implants International 2026 voL. 27 NO. 2 163



Hung et al. Factors influencing time to speech processor upgrades

164

Distribution of Time to Upgrade by Manufacturer
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Figure 4 Time to upgrade by cochlear implant manufacturer. Boxplot showing the distribution of time (in years) to speech
processor upgrade by cochlear implant manufacturer. The box represents the interquartile range (IQR), with the median inside

the box, and the whiskers representing 1.5x IQR.

the speech processor, when a device is out of warranty,
or when the device is obsolete as determined by the
manufacturer. While a small percentage (8.6%, 4
patients) of the patients in this study upgraded their
speech processor when the device was malfunctioning
or broken, most patients were upgrading with func-
tional devices. Few patients (8.6%, 4 patients) also
reported upgrades motivated by performance issues
with their original speech processor or specific fea-
tures of a new speech processor. However, in more
recent years past 2017, our center has found that
insurance companies have typically approved speech
processor upgrades when the speech processor is at
least 5 years old and when the device is broken, not
just when the speech processor is five years old.

For patients that had their speech processor
upgraded in less than four years, our center found
that these patients had participated in a research
study or had a patient specific situation that allowed
them to upgrade faster. Two patients were able to
pay for an upgrade out of pocket once they identified
a specific speech processor feature that they wanted or
when it was on sale. However, it was not common at
our center to upgrade the speech processor in less
than four years. On the other spectrum, patients
who upgraded after six years mostly upgraded due
to them hitting the five-year mark or the device
going out of warranty, and it was uncommonly

Cochlear Implants International 2026 voL. 27 NO. 2

documented that their devices were broken at this
timepoint.

Our dataset demonstrated no significant associ-
ations between demographic variables, such as age
at implantation, sex, hearing loss etiology, or device
manufacturer and time to speech processor upgrade.
However, while our dataset did not detect these differ-
ences, this does not mean that these demographic
variables have no impact on time to speech processor
upgrade.

Speech perception scores, as evaluated with CNC,
AzBio Q, and AzBio N tests, did not show statistically
significant improvement after speech processor
upgrade in this cohort. This result is consistent with
some previous research (Shin et al., 2024). For
example, one study that analyzed speech perception
before and after upgrade to Nucleus 7 SP found that
speech perception was similar at both time points
(Shin et al., 2024). Other studies have found minor
changes in speech perception scores, which may be
due to methodical differences (Biever et al., 2018;
Dixon et al.,, 2019; Mosnier et al., 2021). For
example, while one study found a statistically signifi-
cant improvement in CNC score by 2.85% and a
decrease in speech perception thresholds, this was
not clinically meaningful as clinically meaningful
change is defined at 10% CNC (Dang et al., 2024;
Dixon et al., 2019). Speech processor advances



feature improved scene detection, which continuously
analyzes the acoustic environment and automatically
adapts features like directionality, noise reduction,
and other signal processing strategies (Wolfe et al.,
2015). Such acoustic scene classification was linked
to improved speech recognition in noise of 27 percen-
tage points in the Nucleus 6 sound processor (Wolfe et
al., 2015). Another study found benefits in speech per-
ception in patients that have been implanted for over
20 years (Mosnier et al., 2021). A study that examined
benefits from upgrading Cochlear processors in
Australia in patients aged 65 and older found
improvements in speech understanding in noise.

Additionally, benefits from speech processor
upgrades may not be apparent in these speech percep-
tion tests. The tests are administered in a sound-
treated booth with a calibrated sound pressure level,
typically from a speaker, and are measured as
percent correct scores. However, speech processor
upgrades may have more nuanced benefits.
Advances in processors often include features such
as two-microphone designs, digital noise reduction,
and adaptive microphone directionality that are
designed to enhance listening in complex real-world
environments rather than in simplified testing con-
ditions (Biever et al., 2018). Newer speech processors
have improved speech detection, improved noise
reduction, improved microphone directionality, and
Bluetooth connectivity. Thus, there might be benefits
other than measured speech perception that could be
more apparent in more demanding speech-in-noise
tests and real-world listening conditions that are not
reflected in these measures of speech perception.

Connectivity testing, such as speech testing in
complex noise environments using Bluetooth stream-
ing could offer more information about the techno-
logical benefits of newer processors. Additionally,
adaptive speech in noise tests could be more sensitive
for detecting subtle differences between closely related
processor generations. For example, a study of ten
patients with CIs on adaptive speech reception
threshold in noise setting compared to fixed SNR
test found that adaptive speech threshold tests better
define a user’s actual ability to perceive speech
(Poissant et al., 2014). For example, patients in this
study cited benefits such as improved sound quality,
clarity, and speech discrimination, that could be
reflected in other types of tests. Fixed SNR tests
may not fully capture these perceptual benefits that
patients noted.

Our study documented that patients appreciated
upgrades for functional enhancements beyond
speech perception. Specific features noted by patients
included improved speech clarity, direct Bluetooth
connectivity, and accessory improvements, reflecting
appreciation of user interface and quality-of-life
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enhancements in newer speech processors. This is con-
sistent with other studies that have also reported sub-
jective benefits, such as reduced listening effort, less
hearing disability, and higher satisfaction in daily
life and social situations (Deng et al., 2024; Obrycka
et al., 2022). These benefits can improve the quality
of life and patient satisfaction. However, some
patients reported difficulties, including issues with
sound quality or the physical size and comfort of
new processors, which emphasizes the importance of
individualized care and counseling.

This study has limitations, including that it is at a
single center setting and a smaller sample size,
which may limit statistical power. Our data is also
North American specific and may not be generaliz-
able to other countries due to differences in insurances
processes but may be applicable to other developed
countries. Additionally, data were based on clinical
notes, rather than standardized surveys, which may
potentially introduce bias. Future prospective studies
based on standardized outcome measures may
clarify clinical and patient-centered factors related to
upgrade decisions. However, to our knowledge, this
is the first study examining specific demographic
factors that may have an impact on when a patient
receives a speech processor upgrade.

Conclusions

Our study showed that speech processor upgrades
tend to occur around five years, which is when insur-
ances have historically deemed speech processor
upgrades medically necessary. None of the demo-
graphics examined, including type of primary insur-
ance, presence of secondary insurances, and
manufacturer were associated with time to upgrades.
Patient satisfaction with upgrades was generally posi-
tive. It is important to continue to assess factors that
influence patients to upgrade speech processors to
optimize the timing of speech processor upgrades.
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