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1.0 Data Analyses 

1.1 Study Population 
The study population will include up to 20 adults (18 years of age or older) who are audiological and 
medical candidates to receive a Nucleus® cochlear implant and are capable of completing the study 
evaluation.  

1.2 Sample Size 
Based on the variability observed in the FAST take-home trial in experienced ACE recipients, it was 
determined using G*Power (Faul et al. 2007) that a minimum of 11 subjects would provide at least 90% 
power for hypothesis testing of the two co-primary endpoints at the 0.025 alpha level. More subjects will 
provide additional power or a similar degree of power for more conservative assumptions. Because the 
non-inferiority sample size calculation assumes a true difference of 0 between ACE and FAST, we 
propose a sample size of 20 subjects to allow for: 

1. the possibility that variability will be greater than expected,   
2. the possibility of a clinically insignificant difference between the two strategies,  
3. the possibility of subject attrition. 

The planned sample size of 20 subjects will provide adequate power for the primary efficacy endpoints. 
The following general assumptions have been made: 

  Non-inferiority tests with M2 margins of 10 rationalized arcsine units (rau, Studebaker 1985) for 
CNC word recognition and −2 dB for average BKB sentence recognition across two types of 
noise (babble and speech-shaped noise) 

 One-sided 0.025 alpha levels 
 Assumed distribution for population (standard deviation) based on the FAST take-home trial in 

experienced ACE recipients 
 Desire for 90% power 

The power analyses for the primary test metrics are provided below. 

Sample size calculation for CNC word recognition:  

Scenario (Non-inferiority) Minimum Evaluable Sample Size 
Required 

One-sided 0.025 alpha, 90% power, SD = 7.20 rau, 
M2 = 10 rau, true difference = 0 

8 

 

Sample size calculation for BKB sentence reception (using previous data from testing in babble only): 

Scenario (Non-inferiority) Minimum Evaluable Sample Size 
Required 

One-sided 0.025 alpha, 90% power, SD = 1.84, M2 
= -2dB, true difference = 0 

11 
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1.3 Safety 

1.3.1 Primary Safety Objective 
An adverse event (AE) is any undesirable clinical or medical occurrence associated with the use of the 
device, procedure, or participation in the study, which does not result in serious injury or illness related to 
the surgical procedure or the device.  

Adverse events that occur during this study may be associated with the implant procedure, including those 
from general anesthesia, or specifically associated with the use of the device. An adverse event will be 
considered to be device-related when, in the judgment of the Primary Investigator, there is a logical 
connection between the use of the device and the occurrence of the event, above and beyond the study 
procedure itself. Adverse events associated with cochlear implantation in previous investigations include 
tinnitus, dizziness, swelling, facial nerve stimulation, and open and/or short circuit electrodes, among 
others.  

Adverse events will be counted regardless of severity, seriousness, onset, duration, or relation to study 
treatment. 

A serious adverse event (SAE) is any untoward medical occurrence that  

 results in death 
 is life-threatening 
 requires inpatient hospitalization or prolongation of existing hospitalization 
 results in persistent or significant disability/incapacity 
 requires medical or surgical intervention to prevent life-threatening illness or injury or permanent 

impairment to a body structure or a body function 
 leads to fetal distress, death, or congenital abnormality or birth defect 
 is a medically important event or reaction 

For any SAE, if the Primary Investigator judges that there is a logical connection (caused or contributed 
to) between the use of the device and the occurrence, the SAE will be noted as device-related.  

1.3.1.1 Analysis of Primary Safety Objective 
All Adverse Events will be tabulated according to the study interval, the number of procedure-related 
events, and the number of device-related events. Procedure- and device-related Adverse Events will be 
summarized as rates, where the numerator for each rate will be the number of subjects with at least one 
procedure- or device-related event, and the denominator will be the total number of subjects. No formal 
statistical comparisons will be conducted. 

1.4 Efficacy 
Efficacy of the FAST strategy will be determined by a comparison of outcome measures with subjects 
using ACE versus FAST. The test metrics for this purpose will include CNC word recognition, BKB 
sentence reception in babble and in speech-shaped noise, battery life duration, and SSQ ratings.  



Cochlear Americas    Confidential 

Page 5 of 8 
Investigation of the FAST Sound Coding Strategy in Newly Implanted Adult Cochlear Implant Recipients 

 
 

1.4.1 Primary Efficacy Objectives 
The two co-primary efficacy endpoints will be based on analyses of CNC word recognition and BKB 
sentence reception in babble and speech-shaped noise after 3 months of experience with each strategy 
(collected at 3-months and 6-months post initial activation). The objective of the two co-primary efficacy 
endpoints is to test for non-inferiority of FAST compared to ACE. Study success will be defined by 
rejection of the null hypotheses for both of the two co-primary endpoints. 

1.4.1.1 First Co-Primary Efficacy Endpoint: CNC Word Recognition 
The objective of the first co-primary efficacy analysis is to demonstrate non-inferiority of FAST 
compared to ACE for word recognition in quiet as evaluated with the CNC test. Success for the first co-
primary endpoint will be based on rejection of the null hypothesis of inferiority, with a non-inferiority 
margin of 10 rau based on clinical judgment and variability observed in previous studies (M2 = 10). The 
treatment effect will be estimated using a LMM adjusted for period and sequence and a random effect for 
subject. If the upper 97.5% confidence bound is less than 10 rau, statistical significance will be met at the 
0.025 alpha level. The first co-primary endpoint is represented by the following hypotheses: 

H0: 𝐶𝑁𝐶𝑑𝑖𝑓𝑓 ≥ 10 𝑟𝑎𝑢,  

Ha: 𝐶𝑁𝐶𝑑𝑖𝑓𝑓 < 10 𝑟𝑎𝑢,  

where:  

𝐶𝑁𝐶𝑑𝑖𝑓𝑓 = ACE – FAST treatment difference, controlling for period and sequence effects, for 
CNC word recognition in rationalized arcsine units (rau). 

1.4.1.2 Second Co-Primary Efficacy Endpoint: BKB Sentence Reception in Noise 
The objective of the second co-primary efficacy analysis is to demonstrate non-inferiority of FAST 
compared to ACE for sentence reception in babble and speech-shaped noise as evaluated with the BKB 
test. The average speech reception threshold (SRT) across the two noise types will be taken for each 
subject. For the speech reception threshold procedure employed in this study, results are presented as the 
signal-to-noise ratio (SNR) at which 50% recognition is achieved. Therefore, a lower SRT in dB indicates 
better performance. Success for the second co-primary endpoint will be based on rejection of the null 
hypothesis of inferiority, with a non-inferiority margin of −2dB based on clinical judgment and 
variability observed in previous studies (M2 = −2dB). The treatment effect will be estimated using a 
LMM adjusted for period and sequence and a random effect for subject. If the lower 97.5% confidence 
bound is greater than −2 dB, statistical significance will be met at the 0.025 alpha level. The second co-
primary endpoint is represented by the following hypotheses: 

H0: 𝑆𝑅𝑇𝑑𝑖𝑓𝑓 ≤ −2𝑑𝐵,  

Ha: 𝑆𝑅𝑇𝑑𝑖𝑓𝑓 > −2𝑑𝐵,  

where:  

𝑆𝑅𝑇𝑑𝑖𝑓𝑓 = ACE – FAST treatment difference, controlling for period and sequence effects, for 
SRT averaged across two noise types. 
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1.4.2 Secondary Efficacy Objectives 

1.4.2.1 Battery Life  
The secondary efficacy endpoint for battery life will be based on battery logs as recorded by the subject 
during the take-home period with each strategy. The objective of this secondary endpoint is to 
demonstrate superiority of FAST compared to ACE for battery life. Success for this secondary endpoint 
will be based on rejection of the null hypothesis that battery life with FAST is less than or equal to battery 
life with ACE. The estimated within-subject mean difference in battery life between FAST and ACE will 
be reported with a 95% confidence interval. A one-sided t-test will be conducted at the 0.025 significance 
level. The secondary endpoint for difference in battery life is represented by the following hypotheses: 
 

H0: 𝐵𝐿𝐷 ≤ 0,  
 
Ha: 𝐵𝐿𝐷 > 0,  
 
where:  
 
𝐵𝐿𝐷 = within-subject battery life difference for FAST – ACE. 

1.4.2.2 Speech, Spatial, and Qualities of Hearing Scale (SSQ12-C) 
The secondary efficacy endpoint for the quality and speech understanding questionnaire will be based on 
subjects’ responses on the SSQ12-C as recorded one month after crossover from the first strategy to the 
second strategy. The SSQ12-C is a comparative, closed-ended questionnaire composed of 12 items 
assessing speech perception, spatial hearing, sound quality, and listening effort. A response of 0 on the 
questionnaire indicates equivalent performance between FAST and ACE, while positive or negative 
responses indicate a preference for one strategy over the other.  

The difference between the two study groups will be evaluated with a two-sided t-test using average 
responses on the SSQ12-C across the 12 questions within each group. Success for this secondary endpoint 
will be based on a non-significant result, indicating no difference between the two groups in terms of 
crossing over from one strategy to the other (i.e., not rejecting the null hypothesis that responses from the 
two groups are equivalent). The mathematical expressions are: 
 

H0: 𝜇𝐺1 = 𝜇𝐺2,  

Ha: 𝜇𝐺1 ≠ 𝜇𝐺2,  

where:  

𝜇𝐺1 = mean response value on the SSQ12-C for Group 1; 

𝜇𝐺2 = mean response value on the SSQ12-C for Group 2. 

1.5 Type I Error Control 
Study success will be defined by rejection of the null hypotheses of inferiority of FAST compared to ACE 
for both of the two co-primary endpoints. Because study success depends on the two endpoints together, 
type I error will be maintained at an overall one-sided alpha level of 0.025. 
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Secondary efficacy analyses will be conducted using two additional variables: battery life duration and 
the SSQ12-C. Success for the battery life endpoint will be based on rejection of the null hypothesis that 
FAST is not superior to ACE at a one-sided alpha level of 0.025. However, success for the SSQ12-C 
analysis will be based on a non-significant result at the 0.05 level for a two-sided test, indicating no 
significant difference. Therefore, adjustments for multiplicity will not be made for the secondary efficacy 
analyses, as such adjustments would actually increase the chance of finding no significant difference and 
thus increase the possibility for incorrectly passing the SSQ endpoint.  

1.6 Additional Statistical Analyses 

1.6.1 Analysis of Baseline Characteristics 
The baseline characteristics of the study group will be presented descriptively. The effects of baseline 
covariates on the co-primary efficacy measures will be analyzed with univariable and multivariable 
regression models. Baseline covariates to be explored include (but are not limited to) working memory 
score from the Reading Span Test, age at implantation, duration of hearing loss, degree of contralateral 
hearing loss, and gender. Quantitative variables such as age will be presented with mean, standard 
deviation, median, minimum, and maximum. 

1.6.2 Supportive Efficacy Analyses 
Additional supportive analyses may also be conducted. These may include, but are not limited to, acute 
sound quality ratings conducted at the crossover appointment and clinical audiological testing including 
sound field thresholds and AzBio sentences. All supportive analyses will be clearly described as such. 

1.7 Justification of Pooling Across Study Sites 
Pooling data from study sites will be done based on the following: all sites will have the same protocol, 
the sponsor will monitor the sites to assure protocol compliance, and the data gathering mechanism (case 
report forms and data acquisition) will be the same across all study sites. 

Consistency of the primary efficacy endpoints will be assessed by testing for a difference between sites in 
the difference between FAST and ACE for CNC word recognition and BKB sentence reception in noise. 
Testing will be conducted via an analysis of variance model, with difference between FAST and ACE as 
the outcome and site as the factor. A p-value for the site factor of less than 0.15 will be considered 
evidence of differences between sites for one of the primary efficacy endpoints. If there is evidence of a 
difference, additional analyses will be performed to explore the possible role of baseline characteristics to 
explain the results. Results for the primary efficacy endpoint will also be presented separately by site, 
irrespective of the test of differences between sites, to help understand both qualitative and non-
significant differences between sites. 

1.8 Justification of Pooling Across Devices 
Pooling data from subjects with different internal devices (CI24RE, CI512, and CI532) will be done 
based on the following: all devices included in this study use a perimodiolar electrode and are similar in 
function, and the co-primary efficacy endpoints are based on within-subject comparisons for which the 
device remains constant.  
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Consistency of the primary efficacy endpoints will be assessed by testing for a difference across devices 
in the difference between FAST and ACE for CNC word recognition and BKB sentence reception in 
noise. Testing will be conducted via an analysis of variance model, with difference between FAST and 
ACE as the outcome and device as the factor. A p-value for the device factor of less than 0.15 will be 
considered evidence of differences across devices for one of the primary efficacy endpoints. If there is 
evidence of a difference, additional analyses will be performed to explore the possible role of baseline 
characteristics to explain the results. Results for the primary efficacy endpoints will also be presented 
separately by device, irrespective of the test of differences across devices, to help understand both 
qualitative and non-significant differences across devices. 

1.9 Missing Data 
All efforts will be put forth to ensure near complete follow-up, with particular focus on the assessment of 
the primary outcomes and occurrence of adverse events. A reminder of subject follow-up due dates will 
be provided to participating centers to facilitate scheduling of the follow-up visits.  

Sensitivity analysis will be conducted to address the potential impact of missing endpoint data using a 
multiple imputation analysis with 10 imputed datasets. A separate imputation model will be performed for 
each primary outcome variable (CNC score and average SRT). The predictor variables in the model will 
include, but are not limited to, the three target variables in the primary endpoint analysis (treatment, 
period, and sequence), and five auxiliary variables to improve the estimation of missing datapoints 
(Reading Span score, age, duration of hearing loss, pre-operative sentence score, and duration of hearing 
aid use). The imputed datasets will then be combined for inference using standard methods such as those 
available in SAS PROC MIANALYZE or other valid statistical software.  
 
 
2.0 References 
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Studebaker, G. A. (1985). A “rationalized” arcsine transform. Journal of Speech and Hearing Research, 
28, 455–62. 
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ACE Advanced Combination Encoder strategy  

ADRO Adaptive Dynamic Range Optimization  

AE Adverse Event 

ASC Automatic Sensitivity Control

BTE Behind-the-ear  

CP810 Behind-the Ear Cochlear Processor 800 series 

CP900 Behind-the Ear Cochlear Processor 900 series 

CP1000 Behind-the Ear Cochlear Processor 1000 series 

CRF Case Report Form 

FAST Fundamental Asynchronous Stimulus Timing strategy 

IA Initial Activation 

IRB Institutional Review Board 

ITD Interaural timing difference 

SAE Serious Adverse Event

SNR Signal to noise ratio 

S0N0 Speech and background noise presented at 0 degrees azimuth 

SRT Speech Reception Threshold 
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