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factors to minimize functional damages in language 
and speech development, since the central auditory 
system is highly plastic for a certain period of time1.

Newborn hearing screening with automatic 
procedures currently uses broadband stimuli, such 
as the click, that stimulate practically the entire 
basilar membrane. Therefore, hearing losses in 
specific regions may be underestimated or even 
overestimated, due to the differences in audiometric 
configurations2,3.

The need to improve the efficiency of hearing 
loss identification procedures and to minimize the 
number of false-positive and false-negative cases 
resulting mainly from mild hearing losses and losses 
in specific frequencies, has led to the development 
of new stimuli, including specific frequency stimuli. 

�� INTRODUCTION

Hearing loss identification and diagnosis 
occurring as early as possible, followed by 
immediate intervention are among the decisive 

ABSTRACT

Purpose: to study the results obtained in Automated Evoked Auditory Brainstem Response (A-ABR) 
with a frequency-specific chirp stimulus. Methods: the A-ABR with the stimulus HiLo CE-Chirp ®, the 
intensity of 35 dB NNA, was recorded in 50 newborns (NB) with and without risk factors for hearing 
loss and compared to the Frequency-specific ABR (FE-ABR). We analyzed the results “pass / fail” for 
the stimulus HiLo CE-Chirp ® and the components Hi and Lo, separately, and determined validation 
measures. The detection time of A_ABR  was also determined. Results: A-ABR with HiLo CE-Chirp 
® showed high failure (36%) and false positives rates (33%). Significant differences between the 
percentages of “failure” between the two components were observed, and the percentage of component 
failure greater than the Hi Lo, in both ears. The mean time to detection of response was 63.8 seconds 
for the right ear and 77.9 for the left ear, with statistically significant differences between the ears (p = 
0.002). Conclusion: the band stimulus presented limited mean sensing response considerably small, 
high sensitivity, however, due to high rate of false positives, showed low specificity, there is a need for 
improvement in technique or stimulus for its future application clinical A-ABR.
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Thus, the purpose of the present paper was to 
study the results obtained in a NHS using automated 
auditory brainstem response (AABR) with band-
limited chirp stimulus. 

�� METHODS

This is a descriptive-analytical, quantitative, 
cross-sectional and experimental research. The 
present study was approved by the research ethics 
committee under protocol number 118/2011.

In order to be included in the study, the newborns 
could not have any suspicion of neurological 
disorders and/or syndromes suggested on their 
records, outer ear or ear canal agenesis and should 
be more than 24 hours old with gestational age 
equal to or greater than 37 weeks. The newborns 
who either passed or refered hearing screening by 
Transient Otoacoustic Emissions (TOAE) and/or 
click-AABR, conducted by the hospital NHS, with or 
without risk indicators for hearing loss were included 
in the study. 

The research medical record was performed 
first, followed by electrophysiological procedures: 
AABR with a Hi-Lo CE-Chirp® stimulus, Click-ABR  
and TB-ABR to 500 Hz and 2 kHz stimuli.

The TB-ABR was used as the gold standard 
in order to ensure and to verify the sensitivity and 
specificity of the responses obtained by the AABR. 
The equipment used was the Interacoustics MedPC 
Eclipse Black Box – software EP25. 

The greatest deflection occurring between 5 and 
20ms after stimulus presentation was considered 
the V wave. The lowest threshold level researched 
was 20 dBnHL. For the TB-ABR to 500Hz, the air 
conduction (AC) record was taken in intensities of 
60, 30 and 80 dBnHL, in this sequence. For the 
TB-ABR to 2 kHz, AC was conducted in intensities 
40, 20 and 80 dBnHL, in this sequence. Bone 
Conduction (BC) research was performed in 40 and 
20 dBnHL, in this sequence, at 500 Hz and 2 kHz. 
In the case of absence of response in one of the 
evaluated intensities, the intensity was increased in 
steps of 5dB in AC and 10dB in BC until wave V was 
able to be identified and reproduced. The maximum 
intensity researched for AC was 100dBnHL and 
50dBnHL for BC. 

For TB-ABR at 500 Hz the intensity of 35 dBnHL 
and 20 dBnHL was considered as the normal 
pattern for AC and BC, respectively. The intensity 
of 30 dBnHL was considered the normal pattern for 
AC and 30dBnHL for BC on the 2kHz, according to 
the British Columbia EarlyHearingProgram- BCEHP 
(2008) protocol16.

The NHS with AABR was conducted with the 
Hi-Lo CE-Chirp® stimulus in 35dBnHL intensity. 

Initially, the scientific community turned its 
attention to studying the reliability of the broadband 
chirp stimulus in diagnostic 4-9 and automatic10,11 
procedures. This stimulus was built in order to try 
to compensate the time delay caused by the sound 
wave travelling along the basilar membrane through 
the promotion of the delay of high frequencies in 
relation to the low frequencies of the stimulus, thus 
producing simultaneous stimulation of all cochlear 
regions. The simultaneous stimulation of the cochlea 
provides an improvement in neural synchronicity 
and, consequently, an increase in the amplitude of 
wave V when compared to the click, especially in 
weak and moderate intensities4,12,13 . The increase in 
amplitude leads to a decrease in the time of exami-
nation since it promotes an improvement in the 
signal-noise relationship, one of the main param-
eters for determining the presence of response7.

The results obtained from the broadband chirp 
led the scientific community to develop and study, 
experimentally, specific frequency chirps. Studies 
with diagnostic procedures have shown that greater 
wave V amplitudes were obtained with the specific 
frequency chirp, when compared to those obtained 
using tone burst stimulus in adults14. Furthermore, 
low frequency chirps lead to a higher synchron-
icity of neural discharge, which reflects in greater 
amplitude, especially in weak and moderate inten-
sities15. Studies using the Auditory Steady-State 
Response (ASSR) that used specific frequency 
chirps named narrow band CE-chirps® have also 
shown large wave V amplitudes with decrease in 
examination time 5-7. Shorter latencies and greater 
amplitudes (wave V) for chirp, especially in weaker 
intensities (20-40 dB HL) were also reported by a 
national study when comparing results from the 
toneburst evoked auditory brainstem response 
(TB-ABR) and narrow band CE-chirps® of normal 
hearing children8.

The application of band-limited chirps or specific 
frequency band stimuli has also proven promising 
in procedures of Newborn Hearing Screening  
(NHS) 13.

One of the first studies using a band-limited 
stimulus in hearing screening procedure was 
conducted in 2007, and showed that this technique 
may be used, but should be improved13. To the 
present moment, there have been few studies 
showing results about the usage of specific 
frequency stimuli in NHS. 

In this same context, the improvement of technol-
ogies related to auditory rehabilitation reinforces the 
need for development and improvement of proce-
dures that are capable of identifying all hearing loss 
configurations at birth, which can only occur using 
specific frequency stimuli. 
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both ears was assessed using Kappa statistics and 
the agreement between the two frequency ranges 
(“Hi test” and “Lo test”) was assessed using the 
Mcnemar test. 

A descriptive analysis of the response detection 
time on the AABR with the Hi-Lo CE-chirp® stimulus 
was conducted for the cases with “Pass” results on 
the final test. 

In this study, the TOAE results were described 
only for the newborns with altered results in the 
TB-ABR.

�� RESULTS

The casuistic is composed by 50 newborns, 22 
(44%) males and 28 (56%) females, and seven 
had risk factors for hearing loss (hereditary factors, 
congenital infection, hyperbillirubinemia/ blood 
transfusion). Upon screening, the newborns had a 
mean of 34.34 (24-44.68) hours of life and mean 
gestational age of 37.5 weeks. 

This casuistic did not have cases where the 
results (normal/abnormal) from the TB-ABR to 
500Hz and 2 kHz stimuli were different. Either both 
frequencies had threshold level within established 
normal standards, or both had altered. In other 
words, there were no cases where the newborn had 
normal results for one of the frequencies and altered 
results for the other. 

 The results show that 96% of the newborns had 
normal results in both ears, 2% altered in both ears 
and 2% altered in only one ear. One case of bilateral 
hearing loss and one case of unilateral hearing loss 
were observed. 

Among the altered cases, one newborn had a 
disorder suggestive of bilateral auditory neuropathy. 
The second case had a unilateral profound sensory 
neural hearing loss. Conductive or mixed hearing 
losses were not observed in the present study. 

The percentage distribution of the results of the 
AABR with Hi-Lo CE-chirp® stimulus and TB-ABR 
for the right ear showed that of the 49 newborns with 
normal TB-ABR, 38 passed the AABR with Hi-Lo 
CE-chirp® stimulus while 11 newborns failed it. On 
the left ear, for the 48 newborns with normal gold 
standard, only 26 passed the AABR. There were no 
false negative cases observed for both ears. 

This study describes the results (Pass/Refer) of 
the AABR with Hi-Lo CE-chirp® stimulus on the right 
and left ears. Twenty (40%) newborns had different 
results on both ears, with statistically significant 
differences between the ears (p=0.012). 

The left ear has a greater number of “refer” 
results (48%) than the right ear (24%). The “Pass” 
and “Refer” results, on the left ear were similar (52% 
and 48%, respectively). 

The Hi-Lo CE-Chirp® stimulus is composed by two 
frequency ranges: the range containing the high 
frequency spectrum, between 1414 and 11313 
Hz, named Hi and the range containing the low 
frequency spectrum between 177 and 1414 Hz, 
called Lo. Both ranges were presented simultane-
ously and separated by a cut-off frequency of 1500 
Hz. The stimulus was presented at a 90Hz repetition 
rate in alternate polarity. The maximum time estab-
lished for the determining the presence/absence 
of response in the AABR was 180 seconds. The 
interacoustics Titan software ABRIS440 was the 
equipment used for testing. 

The newborns with abnormal gold standard results 
were submitted once again to hearing screening by 
Transient Otoacoustic Emissions (TOAE) using an 
otodynamics otoport Lite equipment with 84dBSPL 
intensity and non-linear click stimulus. 

All procedures were conducted at the maternity 
Ward, before hospital discharge. 

There was no order observed for procedure 
conduction, and all procedures were completed in 
both ears.

All newborns with altered results in the TB-ABR 
were referred for audiological diagnosis at a high 
complexity reference center. 

Data analysis
A descriptive analysis of AABR results (Pass/

Refer) with Hi-Lo CE-chirp® stimulus and for Hi and 
Lo components, separately, in 35 dBnHL intensity 
was conducted. Independence among the results of 
both ears was assessed using the Qui-square test 
for the results obtained from the Hi-Lo CE-chirp® 
stimulus; for the Hi-Lo components, Fisher’s exact 
test was used (Fisher and van Belle, 1993).

Result analysis considered the existence of three 
different tests: the “Hi-Lo Test” when results referred 
to the final (Pass/Refer) result, the “Hi Test” when 
the (Pass/Refer) results were analyzed only for the 
Hi component of the Hi-Lo CE-chirp® stimulus, and 
the “Lo Test” when the (Pass/Refer) results were 
only analyzed for the Lo component. 

Diagnostic skill measures (sensitivity, specificity, 
PPV, NPV), Youden index and the Kappa coefficient 
were determined. In this study, the diagnostic skill 
measures were determined considering the gold 
standard (frequency-specific-ABR with tone bursts 
stimuli) normal when the BC threshold level for the 
frequencies of 500 Hz and 2 kHz were less than 
20 and 30 dBnHL, respectively. Therefore, the gold 
standard was considered altered when the threshold 
level for AC and BC in 500 Hz and/or 2kHz were not 
within the established normal patterns. 

The agreement between the results obtained 
for the AABR (Pass/Refer) and the gold standard in 
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Table 1 shows the values for sensitivity, speci-
ficity, Positive Predictive Value (PPV) and Negative 
Predictive Value (NPV), accuracy, Youden test and 
Kappa coefficient, obtained for the AABR with Hi-Lo 
CE-chirp® stimulus, based on the results from the 
gold standard test (TB-ABR). Low Kappa coeffi-
cient and PPV values stand out. The low values of 
these statistics are due to the small prevalence of 
newborns with altered results. 

When comparing the AABR results to those of 
the gold standard, it was observed that 22% of the 
newborns had different results on the right ear and 
44% on the left ear. 

The right ear had 12 “refer” cases on the AABR, 
of which 11 were false positive and one true positive 
case. Concerning the left ear, 24 “refer” cases were 
observed, of which 22 were false positives and 
two true positives. A high rate of false positives 
was observed on the AABR with Hi-lo CE-chirp® 
stimulus, especially on the left ear. 

Table 1 – AABR test measures with Hi-Lo CE-chirp® stimulus in 35 dBnHL intensity (n=50)

Measure RE LE
Sensitivity 100.0 100.0
Specificity 77.6 54.2
PPV 8.3 8.3
NPV 100.0 100.0
Accuracy 78.0 56.0
Youden Index 77.6 54.2
Kappa 0.12 0.09

Key: PPV – Positive Predictive Value; NPV- Negative Predictive Value
RE – Right Ear; LE – Left Ear

The results for each limited band of the Hi-Lo 
CE-chirp® stimulus were analyzed separately, 
for thee Hi component (“Hi Test”) and for the Lo 
component (“Lo component”). The gold standard 
used for the “Hi Test” was the 2000Hz TB-ABR and 
for the “Lo Test” the 500Hz TB-ABR.

Table 2 shows the results (Pass/Refer) for the “Hi 
Test” on left and right ears. Eight (16%) newborns 
had different results among the ears. The number 
of “ Refer” results of the left ear was greater than of 
the right ear. The p-value found on Fisher’s exact 
test indicates Independence between the results of 
both ears. 

Table 2 – Distribution of results (pass/refer) of the “Hi test” in right and left ears (n=50)

RE LE TotalPass Refer

Pass 41 8 49
82.0% 16.0% 98.0%

Refer 0 1 1
0.0% 2.0% 2.0%

Total 41 9 50
82.0% 18.0% 100.0%

Key: RE=Right Ear; LE=Left Ear
Fisher’s exact Test: p=0.180
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the obtained values were 100%, 85.4%, 22.2% and 
100%. The accuracy and Youden index had results 
of 100% on the right ear and 86% and 85.4% on the 
left ear. 

Table 3 shows the analysis of “Lo Test” results 
(Pass/Refer) for the right and left ears. Eighteen 
(36%) newborns had different results among the 
ears. 

The analysis of the “Hi Test” according to the 
gold standard (TB-ABR to 2000 Hz stimuli) showed 
total agreement of the obtained results for the right 
ear (Kappa= 1). On the left ear, there were different 
results in seven (14%) newborns (Kappa= 0.32). No 
false negatives were observed in any ear; however, 
the number of “Refer” results and false positives 
was greater for the left ear. The right ear had 100% 
sensitivity, specificity, PPV, NPV, and for the left ear, 

Table 3 – Distribution of results (pass/refer) of the “Lo test” in right and left ears (n=50)

RE LE TotalPass Refer

Pass 24 14 38
48.0% 28.0% 76.0%

Refer 4 8 12
8.0% 16.0% 24.0%

Total 28 22 50
56.0% 44.0% 100.0%

Key: RE= Right Ear; LE= Left Ear
Fisher’s exact Test: p=0.070

The comparative analysis of the “Lo Test” result 
with its respective gold standard (TB-ABR to 500 
Hz stimuli) showed that 11% of the newborns had 
different results on the right ear (Kappa= 0.12) 
and 40% on the left ear (Kappa = 0.10). A greater 
number of “refer” and false positives were observed 
on the left ear. The right ear had values for sensi-
tivity, specificity, PPV, NPV of 100%, 77.6 %, 8.3 % 
and 100%, respectively. For the left ear, the obtained 
values were 100%, 85.4 %, 22.2 % and 100 %. The 
accuracy and Youden index for the right ear were 
100% and for the left ear, 86% and 85.4%. 

A joint analysis of the results (Pass/Refer) 
was conducted for each component of the Hi-Lo 
CE-chirp® stimulus, or, for the “Hi Test” and the “Lo 
Test”, on the right and left ears, respectively (Tables 
4 and 5). 

For the right ear, the number of “Pass” results 
was greater on the “Hi Test” when compared to the 
“Lo Test”. There were no “refer” cases on the “Hi 
Test” and “Pass” on the “Lo Test”. On the left ear, 
two cases where the “Pass” result on the “Lo Test” 
and “Refer” on the “Hi Test” were observed. The 
“Refer” rate was always greater on the “Lo Test” and 
for the left ear. 
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Table 4 – Distribution of results (pass/refer) for the “Hit test” and “Lo test” on the right ear (n=50)

“Hi Test” “Lo Test” TotalPass Refer

Pass 38 11 49
76.0% 22.0% 98.0%

Refer 0 1 1
0.0% 2.0% 2.0%

Total 38 12 50
76.0% 24.0% 100.0%

McNemar Test: p=0.001

Table 5 – Distribution of results (pass/refer) for the “Hit test” and “Lo test” on the left ear (n=50)

“Hi Test” “Lo Test” TotalPass Refer

Pass 26 15 41
52.0% 30.0% 82.0%

Refer 2 7 9
4.0% 14.0% 18.0%

Total 28 22 50
56.0% 44.0% 100.0%

McNemar Test: p=0.002

There was a statistically significant difference 
between the “refer” percentages on both tests, and 
the “refer” percentage on the “Lo Test” was greater 
than on the “Hi Test”, on both ears. 

Descriptive and comparative analysis of 
the response detection time of the AABR 
with Hi-Lo CE-chirp® stimulus in 35 dBnHL 
intensity

The response detection time for the newborn 
group that passed the AABR with Hi-Lo CE-chirp® 

stimulus was calculated and shown in table 6. The 
left ear had higher mean time for response detection 
when compared to the right ear; with similar standard 
deviations for both ears. 

Time distributions may be seen, in approxi-
mation, on the box-plots in Figure 1. 

Comparing the mean times on both ears though 
the t-paired test, there is a significant difference 
between the mean times of both ears (p=0.002), 
and the mean of the right ear is smaller than the 
left ear. 

Table 6 – Descriptive statistic values for response detection time (seconds) for the AABR with the 
Hi-Lo CE-chirp® stimulus on the right and left ears 

Ear n Mean Standard 
Deviation Minimum Median Maximum

Right 38 63.8 41.8 21 59.5 174
Left 26 77.9 41.6 15 69 161
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produce responses from undesirable frequency 
regions in the basilar membrane, and may thus limit 
its clinical usage. 

In the present study, the number of “refer” results 
was always greater for the “Lo Test” when compared 
to the “Hi Test”, so that it may not be believed that 
the band-limited high frequency, used in the studied 
stimulus could have “helped” the responses obtained 
with the band-limited lower frequency. In addition, 
the occurrence of two cases where the results were 
“Pass” for the Lo component (“Lo Test) and “Refer” 
for the Hi component (“Hi Test”) on the left ear. It 
should be noted that these cases had normal results 
for the gold standard in 500 Hz and 2 kHz. 

The number of false positives observed in this 
study for the Hi-Lo CE-chirp® stimulus was 22% 
(11/50 newborns) on the right ear and 44% (22/50 
newborns) on the left ear. Considering both ears, 
33% (33/100) of false positives were observed. No 
false negative cases were observed. 

The results obtained for the Lo component 
that influenced the final AABR result may be due 
to the fact that the AABR is registered along with 
other electrical activities, and the sound should 
be identified among noise; therefore, a favorable 
signal-noise relationship becomes harder to 
achieve.  A 2002 study with specific frequency 
chirps observed that the amplitude of wave V is 
smaller for lower frequencies14. Therefore, consid-
ering the results obtained for the Lo component of 
the CE-chirp® (“Lo Test”), detecting a response in 

�� DISCUSSION

This study aimed to analyze the results from 
the AABR using stimulus with specific frequency 
ranges, presented simultaneously on the evaluated 
ear. 

Of the 50 newborns who underwent the AABR, 
12/50 (24%) “Failed” on the right ear and 24/50 
(48%) on the left ear. 

In this study, 28 newborns who “Passed” only 
one of the components, of which 11 on the right ear 
and 17 on the left ear. Thus, even though a “Pass” 
result was obtained in one of the components, the 
final AABR result was “Refer”. Considering both right 
and left ears, 29% (29/100) had a “Refer” on the Lo 
component, while 10% (10/100) had a “Refer” on 
the Hi component. Therefore, the “Refer” results for 
the Hi and Lo components directly influenced the 
specificity analysis of the Hi-Lo CE-chirp® stimulus.

A study comparing a low frequency chirp (nominal 
frequency 100-480 Hz) to a 250 Hz tone observed 
that in the presence of masking, the wave V ampli-
tudes decrease, showing an important participation 
of the high frequency components in obtaining 
an electrophysiological response15. According to 
researchers14 in spite of the chirp improving neural 
synchronicity, the characteristics of frequency 
delay, needed to compensate cochlear delay limit 
the stimulus’ frequency specificity. Furthermore, 
the greatest spectral dispersion observed in this 
stimulus, when compared to tone burst, may 

Figure 1 - Box-plots for response detection time for the AABR with the Hi-Lo CE-chirp® stimulus on 
the right and left ears 
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number of referrals for diagnosis and, thus, of the 
costs of hearing screening programs. The greatest 
rate of “refer” on the left ear may have been due 
to the occurrence of disorders in sound conduction 
caused by the remainder of vernix in this ear since, 
in this study; newborns who passed the NHS with 
TOAE, as well as those who failed it were assessed. 
In this study, in order to ensure a direct comparison 
between the ears, variables such as difference in 
impedance between the ears, order to begin evalu-
ation and the newborn’s state of consciousness 
were controlled. However, variables such as 
residual noise and fluid in ears were not controlled 
and may have influenced the findings. Rodrigues 
(2012) has not observed statistically significant 
differences in the amplitude and latency of wave V 
for the ABR with click and narrow band CE-chirp® 
stimuli, showing that the stimulus does not behave 
differently in different ears, which could influence 
the response detection in automated procedures. 
Therefore, the differences between the ears found in 
this study are probably due to differences in middle 
ear conditions since the author, differently from this 
study, evaluated only newborns and children with 
present otoacoustic emissions. 

Thus, there is a need for new studies that 
will control middle ear conditions, not only with 
otoacoustic emission records, but also conducting 
tympanometry, which would explain not only the 
elevated number of false positives of the HiLo 
CE-chirp® stimulus, especially of the Lo component, 
but also the differences between both ears found in 
this study. These complementary procedures would 
enable discussions of issues such as if a “Refer” 
on the Lo component is caused by a conduction 
disorder or really by the stimulus characteristic and 
form of stimulation.  

The mean type for response detection of the 
“Pass” cases in the NHS was approximately 69.76 
seconds (17-174 seconds), similar time as that in 
the study with steady-state potential5 that observed 
a response detection time that varied between 76 
and 109 seconds between the different types of 
studied frequency specific chirps. Better results 
were observed in a study with band-limited stimulus 
in automated hearing screening procedures13.

�� CONCLUSION

•	 The HiLo CE-chirp® stimulus has high sensitivity 
and low response detection time. However, 
it had low specificity for this small sample, 
especially due to the results from the stimulus’ 
Lo component. 

•	 The findings show that there is still need 
for improvement of this stimulus for use in 

weak intensity (35 dBnHL) may have been more 
difficult. Furthermore, low frequencies suffer greater 
influence of temporary conductive disorders such 
as the presence of vernix or secretion. In clinical 
audiology, middle ear disorders frequently account 
for greater hearing loss in the lower frequencies. 

Another issue in this context is the fact that the 
frequencies chosen as gold standard had different 
spectral characteristics than the frequencies used in 
the automated procedure, especially regarding the 
Lo component. This fact may have influenced the 
normality results for the gold standard and conse-
quently the determination of the specificity and 
sensitivity of the automated procedure. However, it 
should be noted that the frequencies used as gold 
standard have met the clinical registration possi-
bilities of the Frequency Specific-ABR and the inter-
national protocol16 that recommends that a minimum 
hearing test should include the frequencies of 
500 Hz and 2000 Hz and that these have reliable 
calibration data. 

On the other hand, other studies have been 
showing that the low frequency CE-chirp® have 
greater amplitudes than tone burst15. A national 
study8 with newborns and small children has shown 
greater wave V amplitudes for the narrow band 
CE-chirp® in the frequencies of 0.5 and 2 kHz (0.148 
uV and 0.166 uV, respectively) when compared 
to tone burst, especially in weak intensities 20-40 
dB, which, in theory, would make this a promising 
stimulus to be used in NHS equipment.  

An international study with adults showed that 
the low frequency chirp leads to a greater synchron-
icity of neural discharge, which is seen in the greater 
amplitude in relation to tone burst, especially in weak 
and moderate intensities15. However, the same 
authors state that differences, between the stimuli, 
in spectral magnitude may lead to differences in 
their neural excitement pattern and, consequently, 
to differences in the size of wave V amplitude15.

Furthermore, it should be stressed that, in 
the present study, both limited bands of the HiLo 
CE-chirp® were presented at the same time, on 
the newborn’s same ear. Researchers13 believe 
that the simultaneous presentation of both band-
limited stimuli may reduce the efficiency in response 
detection due to interference caused by the stimuli. 
In spite of the present study having used a cut-off 
frequency between frequency ranges, the result 
may still have been influenced by the interference 
caused by simultaneous presentation. 

The high rate of “Refer” for the Lo component 
(“Lo Test) and, consequently for the HiLo CE-chirp® 
stimulus (“HiLo Test”), with normal gold standard, 
increases the rate of false positives and decreases 
specificity. Consequently, there is an increase in the 



1806  Almeida MG, Sena TA, Andrade IFC, Sousa MNC, Lewis DR

Rev. CEFAC. 2014 Nov-Dez; 16(6):1798-1807

�� ACKNOWLEDGMENTS

To the Coordination for the Improvement of 
Higher Education Personnel (CAPES) for funding 
this study. To Bue Kristensen, director of external 
relations, for the guidance and technical accessory 
regarding the studied stimulus. 

automated hearing screening procedures, since 
the false positive rate is an important fact for 
program success and an indicator of service 
quality. Therefore, further studies should be 
conducted and stimulus or response detection 
method optimization may be necessary, as well 
as using a higher level of stimulus intensity. 
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