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Abstract 
Background: Cochlear Implantation is not just a surgical procedure but a well formulated 
program to transform hearing, speech, and language. Intensive auditory rehabilitation is 
particularly essential in cases with delayed intervention, and those with relatively poor 
intelligence and cognition. To assess the outcome of this surgery, the commonly used scoring 
systems include Categories of Auditory Performance (CAP) level, Speech Intelligibility 
Rating (SIR) score and Parents’ Evaluation of Aural/Oral Performance of Children 
(P.E.A.C.H.) score. 
Aim: To analyse the results of cochlear implant surgery in pediatric patients in terms of SIR 
test scores, CAP scale and PEACH score and also to analyze various factors affecting these 
outcome measures 
Method: A retrospective analysis of the records of 120 pediatric patients diagnosed with 
bilateral severe to profound sensorineural hearing loss who underwent cochlear implant 
surgery at the otorhinolaryngology department of Indira Gandhi Institute of Medical Sciences 
between 2017 and 2022 was performed. The parameters used to assess outcome included SIR 
score, CAP scale and PEACH score. These parameters were evaluated at various stages of 
follow up, 3, 6, 9 months initially and annually thereafter. Various factors affecting these 
outcome variables were also evaluated and their correlation was studied. These include age at 
the time of implant, duration of deafness, gender, duration of AVT, PEACH score and mode 
of AVT. 
Results: At 3 months the mean SIR score, CAP score and PEACH score were 1, 1.27 and 
1.64 respectively; at 6 months these scores were 1.14, 1.57 and 1.71 respectively; at 9 months 
1.5, 2.9 and 2.4 respectively; at 1 year 1.29, 2.96 and 2.46 respectively; at 2 years 1.25, 3.4 
and 3.25 respectively; and beyond 3 years 1.79, 4.35 and 3.23 respectively. There is positive 
effect of Duration of AVT on SIR score and CAP score (p=0.06 and p<0.001 respectively) 
Effect of Age at implant on SIR and CAP score showed higher scores in 5-15 years of age 
group. (p= 0.325 p= 0.165 respectively). PEACH, SIR and CAP score show positive 
correlation (p<0.001). Out of total 120 patients 34 received offline AVT, 4 received online 
AVT and the remaining 82 patients attended AVT sessions both online and at the centre. 
When SIR and CAP scores were compared across the three groups there was positive 
correlation (p=0.01 and p=0.007 respectively). 
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Conclusion: We conclude from this study that the longer the duration of auditory and speech 
training the better is the outcome. To encourage this, facility of online AVT can be a valuable 
option. Also, parental satisfaction is another factor which favors patient compliance and 
enhances the outcome of cochlear implant surgery.    

This is an Open Access article that uses a fund-ing model which does not charge readers or their institutions for access and distributed under 
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access 
Initiative (http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, 
provided original work is properly credited. 

 

 
 

Introduction 

Cochlear Implantation is not just a surgical 
procedure but a well formulated program 
to transform hearing, speech, and 
language. It not just benefits a 
handicapped individual but can reduce the 
disability burden of the society to a great 
degree. The cochlear implant is an 
electronic device surgically implanted, and 
the electrodes are placed in the cochlea of 
the inner ear which stimulates the cochlear 
nerve. The electrical stimulation of the 
auditory nerve helps in the perception of 
sound but in order to process this 
information and transform it into receptive 
and expressive language, extensive 
auditory and speech rehabilitation is 
crucial.  
There are various factors influencing the 
result of cochlear implantation like the age 
at implant, duration of deafness, etiology, 
use of hearing aids before implantation, 
family support and commitment, 
optimized programming and amount and 
quality of re/habilitation before and after 
implant. Intensive auditory rehabilitation is 
particularly essential in cases with delayed 
intervention, and those with relatively poor 
intelligence and cognition. Each patient’s 
need for rehabilitation is different based on 
the pre-operative auditory experience.  For 
pre-lingually deaf patients, Auditory 
Verbal Therapy (AVT) are imperative for 
better communication abilities. When this 
procedure is performed under optimum 

circumstances with rigorous postoperative 
rehabilitation, the results are promising.  
To assess the outcome of this surgery in 
terms of treating disability, there are 
various tools. The commonly used scoring 
systems include Categories of Auditory 
Performance (CAP) scores [1] and Speech 
Intelligibility Rating (SIR) by 
O’Donoghue et al. [2]. These assessments 
are performed by a professional at the 
centre, which is not the ideal setting for 
real world performance nor is the time 
constraint at the centre ideal to come to a 
conclusion. Hence, we have added another 
assessment tool in our study which is 
based on a questionnaire that measures 
parent satisfaction in terms of outcome and 
progress of their child. This is Parents’ 
Evaluation of Aural/Oral Performance of 
Children (P.E.A.C.H.) score. [3] 
Cochlear implant is a relatively new 
technology with not many centres having 
performed a large no. of this procedure for 
its significant outcome analysis. Our goal 
is to analyse the results of cochlear implant 
surgery in pediatric patients in terms of 
SIR test scores, CAP scale and PEACH 
score and also to analyze various factors 
affecting these outcome measures to add to 
the current knowledge of approach to the 
cochlear implant procedure. 
CAP scale 
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SIR Score 

 
 
PEACH Score 



International Journal of Pharmaceutical and Clinical Research                           e-ISSN: 0975-1556, p-ISSN: 2820-2643 

 

Sinha et al.                            International Journal of Pharmaceutical and Clinical Research   

184 

 
 
Method: 
Study design: Institutional retrospective 
clinical observational study.  
Study population: 120 patients who have 
undergone cochlear implant surgery 
Duration of Study: September 2017 to 
April 2022 
Approval from the ethics committee of the 
institute was taken at the start of the study. 
Written informed consent was taken from 
all the participants guardians. 

Inclusion Criteria: 

• Twelve months-15 years of age 
• History of Bilateral severe to profound 

sensorineural hearing loss  
• Motivation and good family support.  
• Patients who have started AVT 
Exclusion Criteria: 

• unilateral hearing loss 
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• age less than 1 year or more than 15 
years 

• poor motivation and family support 
• Patients who have received implant but 

device switch-on and AVT is still 
awaited 

A retrospective analysis of the records of 
120 pediatric patients diagnosed with 
bilateral severe to profound sensorineural 
hearing loss who underwent cochlear 
implant surgery at the otorhinolaryngology 
department of Indira Gandhi Institute of 
Medical Sciences between 2017 and 2022 
was performed. All these patients had 
prelingual deafness. They had regular 
follow ups and ongoing Auditory verbal 
therapy during the study period. The 
parameters used to assess outcome 
included SIR score, CAP scale and 
PEACH score. These parameters were 
evaluated at various stages of follow up, 3, 
6, 9 months initially and annually 
thereafter. Various factors affecting these 
outcome variables were also evaluated and 
their correlation was studied. These 
include age at the time of implant, duration 
of deafness, gender, duration of AVT, 
PEACH score and mode of AVT. 
Statistical Analysis: 

SPSS statistics version 26 was used to 
analyze data. Descriptive statistics for SIR, 
CAP and PEACH score will be presented 
with mean, standard deviation, median, 
mode, minimum and maximum values, 
and range. The effect of various factors on 
SIR and CAP score will be cross tabulated 
and evaluated using Pearson Chi-Square 
test. The P value of <0.05 will be 
considered statistically significant. 
Results: 
In our study a total of 120 pediatric 
patients in the age group of 0-15 years 
have started auditory and verbal therapy 
after receiving cochlear implant. All these 
patients were evaluated for their auditory 
and speech progress at regular intervals of 
3months until 1 year and annually 
thereafter. At 3 months the mean SIR 
score, CAP score and PEACH score were 
1, 1.27 and 1.64 respectively; at 6 months 
these scores were 1.14, 1.57 and 1.71 
respectively; at 9 months 1.5, 2.9 and 2.4 
respectively; at 1 year 1.29, 2.96 and 2.46 
respectively; at 2 years 1.25, 3.4 and 3.25 
respectively; and beyond 3 years 1.79, 
4.35 and 3.23 respectively. Other 
statistical measures of these scores are 
summarized in Table 1. 
 

Table 1: SIR, CAP and PEACH score statistics 

Duration of AVT SIR CAP scale PEACH SCORE 
3 months N  11 11 11 

Mean 1.00 1.27 1.64 
Median 1.00 1.00 2.00 
Mode 1 1 2 
Std. Deviation .000 .467 .505 
Range 0 1 1 
Minimum 1 1 1 
Maximum 1 2 2 

6 months N  7 7 7 
Mean 1.14 1.57 1.71 
Median 1.00 1.00 2.00 
Mode 1 1 2 
Std. Deviation .378 1.397 .488 
Range 1 4 1 
Minimum 1 0 1 
Maximum 2 4 2 
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The effect of Duration of AVT on SIR score and CAP score is cross tabulated in Table 2 and 
3 respectively. The Pearson Chi-Square test revealed p value of 0.06 for former and <0.001 
for latter.  

Table2: Effect of Duration of AVT on SIR 

 

Duration of AVT 

Total 
3 
months 

6 
months 

9 
months 1 year 2 years 

3+ 
years 

SIR 1 Count 11 6 8 19 17 23 84 
% within Duration of 
AVT 

100.0% 85.7% 80.0% 79.2% 85.0% 47.9% 70.0% 

2 Count 0 1 1 3 1 17 23 
% within Duration of 
AVT 

0.0% 14.3% 10.0% 12.5% 5.0% 35.4% 19.2% 

3 Count 0 0 0 2 2 4 8 
% within Duration of 0.0% 0.0% 0.0% 8.3% 10.0% 8.3% 6.7% 

9 months N  10 10 10 
Mean 1.50 2.90 2.40 
Median 1.00 2.00 2.00 
Mode 1 1 2 
Std. Deviation 1.269 3.348 .843 
Range 4 11 3 
Minimum 1 1 1 
Maximum 5 12 4 

1 year N  24 24 24 
Mean 1.29 2.96 2.46 
Median 1.00 2.00 2.00 
Mode 1 1 2 
Std. Deviation .624 2.422 .977 
Range 2 8 3 
Minimum 1 1 1 
Maximum 3 9 4 

2 years N  20 20 20 
Mean 1.25 3.40 3.25 
Median 1.00 3.00 3.00 
Mode 1 3 3 
Std. Deviation .639 1.729 .550 
Range 2 7 2 
Minimum 1 1 2 
Maximum 3 8 4 

3+ years N  48 48 48 
Mean 1.79 4.35 3.23 
Median 2.00 4.00 3.00 
Mode 1 4 3 
Std. Deviation .988 2.264 .751 
Range 4 11 3 
Minimum 1 1 1 
Maximum 5 12 4 
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AVT 
4 Count 0 0 0 0 0 3 3 

% within Duration of 
AVT 

0.0% 0.0% 0.0% 0.0% 0.0% 6.3% 2.5% 

5 Count 0 0 1 0 0 1 2 
% within Duration of 
AVT 

0.0% 0.0% 10.0% 0.0% 0.0% 2.1% 1.7% 

Total Count 11 7 10 24 20 48 120 
% within Duration of 
AVT 

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

 
Chi-Square Tests 

 Value df 

Asymptotic 
Significance 

(2-sided) 
Pearson Chi-Square 30.227a 20 .066 

Likelihood Ratio 33.818 20 .027 
Linear-by-Linear 

Association 
9.138 1 .003 

N of Valid Cases 120   
a. 24 cells (80.0%) have expected count less than 5. The 
minimum expected count is .12.  

Symmetric Measures 

 Value 

Asymptotic 
Standard 

Errora 
Approximate 
Tb 

Approximate 
Significance 

Interval by Interval Pearson's R .277 .072 3.133 .002c 
Ordinal by Ordinal Spearman 

Correlation 
.365 .077 4.255 <.001c 

Measure of 
Agreement 

Kappa .012 .013 .616 .538 

N of Valid Cases 120    
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on normal approximation. 
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Table 3: Effect of Duration of AVT on CAP scale 

 

Duration of AVT 

Total 
3 
months 

6 
months 

9 
months 1 year 2 years 

3+ 
years 

CAP 
scale 

0 Count 0 1 0 0 0 0 1 
% within Duration 
of AVT 

0.0% 14.3% 0.0% 0.0% 0.0% 0.0% 0.8% 

1 Count 8 4 4 9 1 1 27 
% within Duration 
of AVT 

72.7% 57.1% 40.0% 37.5% 5.0% 2.1% 22.5% 

2 Count 3 0 3 5 3 6 20 
% within Duration 
of AVT 

27.3% 0.0% 30.0% 20.8% 15.0% 12.5% 16.7% 

3 Count 0 1 1 4 11 12 29 
% within Duration 
of AVT 

0.0% 14.3% 10.0% 16.7% 55.0% 25.0% 24.2% 

4 Count 0 1 1 1 3 17 23 
% within Duration 
of AVT 

0.0% 14.3% 10.0% 4.2% 15.0% 35.4% 19.2% 

5 Count 0 0 0 0 0 2 2 
% within Duration 
of AVT 

0.0% 0.0% 0.0% 0.0% 0.0% 4.2% 1.7% 

6 Count 0 0 0 1 0 1 2 
% within Duration 
of AVT 

0.0% 0.0% 0.0% 4.2% 0.0% 2.1% 1.7% 

7 Count 0 0 0 3 0 2 5 
% within Duration 
of AVT 

0.0% 0.0% 0.0% 12.5% 0.0% 4.2% 4.2% 

8 Count 0 0 0 0 2 4 6 
% within Duration 
of AVT 

0.0% 0.0% 0.0% 0.0% 10.0% 8.3% 5.0% 

9 Count 0 0 0 1 0 2 3 
% within Duration 
of AVT 

0.0% 0.0% 0.0% 4.2% 0.0% 4.2% 2.5% 

12 Count 0 0 1 0 0 1 2 
% within Duration 
of AVT 

0.0% 0.0% 10.0% 0.0% 0.0% 2.1% 1.7% 

Total Count 11 7 10 24 20 48 120 
% within Duration 
of AVT 

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

 
Chi-Square Tests 

 Value df 

Asymptotic 
Significance (2-
sided) 

Pearson Chi-Square 98.469a 50 <.001 
Likelihood Ratio 96.641 50 <.001 
Linear-by-Linear 21.141 1 <.001 
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Association 
N of Valid Cases 120   
a. 60 cells (90.9%) have expected count less than 5. The minimum 
expected count is .06. 
Symmetric Measures 

 Value 

Asymptotic 
Standard 
Errora 

Approximat
e Tb 

Approximat
e 
Significance 

Interval by Interval Pearson's R .421 .072 5.049 <.001c 
Ordinal by Ordinal Spearman 

Correlation 
.572 .068 7.572 <.001c 

Measure of 
Agreement 

Kappa -.007 .027 -.265 .791 

N of Valid Cases 120    
a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Based on normal approximation. 

 
 
Effect of Age at implant on SIR and CAP score is cross tabulated in table 4 and 5 
respectively.  

Table 4: Effect of Age at implantation on SIR score 
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Table 5: Effect of Age at implantation on CAP scale 
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Out of 120 patients 84 were in the age 
group 0-5 years and 36 were above 5 years 
of age. The higher SIR and CAP scores are 
seen in 5-15 years of age group. The 

Pearson chi-square test shows p value of 
0.325 and 0.165 respectively.  
On studying the gender distribution, out of 
total 120, 67 patients were male and 53 
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were female. Relation of gender with SIR 
and CAP score is summarized in Table 6 

and 7 respectively. The p values are 0.072 
and 0.051 respectively. 

Table 6: Relation of gender with SIR score 

 

 

 
Table 7: Relation of gender with CAP scale 
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On comparing the PEACH score with the SIR and CAP score (table 8 and 9 respectively), it 
was observed that there was positive correlation between these scoring systems with p value 
of <0.001 each. 
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Table 8: Correlation of PEACH and SIR score 

 

 

 
Table 9: Correlation of PEACH score with CAP scale 
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The effect of mode of AVT used, on SIR 
and CAP score was evaluated. Out of total 
120 patients 34 received offline AVT, 4 
received online AVT and the remaining 82 
patients attended AVT sessions both 
online and at the centre. The correlation of 

SIR and CAP score with the mode of AVT 
is cross tabulated in table 10 and 11 
respectively. The p value is 0.01 and 0.007 
respectively for SIR and CAP score when 
mode of AVT was compared across the 
three groups. 

Table 10: Effect of Mode of AVT on SIR score 
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Table 11: Effect of Mode of AVT on CAP scale 

 

 
Discussion: 
Cochlear implant surgery has gained 
tremendous momentum over last couple of 
decades ever since its indications 
expanded to unilateral deafness and 
deafness in adults.  More and more centres 

are gaining expertise in this program. 
However, it is still widely performed for 
prelingually deaf pediatric patients. In our 
study all the pediatric patients were found 
to have prelingual deafness. To analyse the 
efficacy of cochlear implant surgery it is 
imperative to evaluate the rehabilitation 
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level of patient apart from surgical 
outcome in the form of complications, 
electrode insertion, NRT response. There 
will be no benefit to patient without 
providing intensive auditory verbal 
therapy in prelingual deafness. Several 
scoring systems are available to assess the 
response to AVT and plot progress of 
patients. The SIR and CAP scores are the 
commonly used tools. Peach score is 
another system which takes into account 
parental satisfaction of their child’s 
performance. 
In our study a total of 120 pediatric 
patients in the age group of 0-15 years 
have received auditory and verbal therapy 
after cochlear implant surgery. All these 
patients were evaluated for their auditory 
and speech progress at regular intervals of 
3months until 1 year and annually 
thereafter. The SIR score, CAP score and 
PEACH score were evaluated at these 
intervals. The maximum CAP score was 9 
and SIR 3 at 1 year. Our results were 
comparable with the study conducted by 
Rayamajhi, et al. who showed maximum 
CAP score 7 and SIR 5 at 1 year. [4] 
The satisfaction of caregiver is also 
important when pediatric patients are 
concerned. This motivates them to be 
regular with AVT sessions for longer 
periods which in turn enhances the results. 
On correlating PEACH score with the SIR 
score and CAP level, it was observed that 
there was positive correlation between 
these scoring systems with p value of 
<0.001 each. Rayamajhi, et al. have also 
evaluated parental satisfaction using a 
different scoring system but the results 
were similar to our study.  [4] 
In the cross tabulation of the effect of 
duration of AVT on SIR score and CAP 
score it was observed that as the duration 
of AVT increases, the SIR and CAP scores 
improve.[5]. The Pearson Chi-Square test 
revealed p value of 0.06 for former and 
<0.001 for latter which suggests the 
association between duration of AVT and 
SIR to be statistically not very significant 

but the association between duration of 
AVT and CAP to be statistically 
significant. Thus, we also emphasize the 
value of regular and long term follow up in 
improving Cochlear implant outcome. At 
our center we provide online facility of 
AVT to avoid patient drop off. This is one 
of the reasons for 100% patient attendance 
at AVT sessions of all the cochlear implant 
procedures performed at our center till 
date. Another reason is strong counselling 
and stringent patient selection in terms of 
motivation and follow up post implant.  
Our study also evaluated the effect of age 
at implantation on SIR and CAP score. 
The results were conflicting as it is a 
known fact now that early intervention is 
beneficial for cochlear implant outcome.  
A higher SIR and CAP score was seen in 
5-15 years of age group compared to 0-5 
years. However, The Pearson chi-square 
test showed p value of 0.325 and 0.165 
respectively, suggesting that this 
difference in scores of the two age groups 
was statistically insignificant. [6] Intensive 
AVT and counselling in higher age group 
patients to obtain optimum results in view 
of odds can be thought as a reason for this 
conflicting result, but we do not have 
enough evidence to support this.  
On studying the gender distribution, out of 
total 120, 67 patients were male and 53 
were female. When we analysed the 
relation of gender with SIR and CAP 
score, we found that greater percentage of 
female patients had higher scores. The p 
values were 0.072 and 0.051 respectively.  
At our centre the patients were given AVT 
in three forms: offline, online or both 
depending on patient comfort level and to 
improve compliance. Better scores were 
seen in the group with both modes of AVT 
compared to offline or online alone. This 
difference was found to be statistically 
significant. On intensive search of 
available literature we could not find any 
study evaluating this parameter to support 
our result.  
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Conclusion: 
We conclude from this study that regular 
assessment of outcome of AVT by means 
of standard scores like CAP scale and SIR 
score is helpful in monitoring progress of 
patients and modifying therapy on 
individual basis. This study also revealed 
that the longer the duration of auditory and 
speech training the better is the outcome. 
Strict compliance and long term follow up 
is essential to gain speech and language 
post cochlear implant. To encourage this, 
facility of online AVT can be a valuable 
option. Also, parental satisfaction is 
another factor which favors patient 
compliance and enhances the outcome of 
cochlear implant surgery. However, we 
failed to establish any positive correlation 
between early age at implantation and 
higher scores. The factors responsible for 
better outcome in older pediatric patients 
is a subject for further analysis and beyond 
the scope of this study. 
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