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ABSTRACT
Objective:  To compare the results of auditory steady-state response (ASSR) and click auditory 
brainstem response (click ABR) among infants and young children tested at the Ear Unit of a 
Tertiary General Hospital.

Methods:
 Design: Cross-sectional Study
 Setting:  Tertiary General Hospital  
 Population: Within-subject comparisons of click auditory brainstem response (click 
ABR) thresholds and auditory steady-state response (ASSR) thresholds among 55 infants and 
young children, 2 months to 35 months of age referred to the Ear Unit for electrophysiologic 
hearing assessment.  

Results:  Click ABR showed strong positive correlation to all frequencies and averages of 
ASSR. Highest correlation was noted with the average of 1-4 kHz ASSR results with Pearson r = 
0.89 (Spearman r=0.80), the average of 2-4 kHz had strong positive correlation r = 0.88 (0.79). 
Correlation was consistently strong through all ASSR frequencies (0.5 kHz at r=0.86 (0.74), 1 kHz 
at r=0.88 (0.78), 2 kHz at r=0. 87 (0.79), 4 kHz at r=0.85 (0.76)). Average differences of click ABR 
and ASSR thresholds were 8.2±12.9dB at 0.5 kHz, 8.6±12.6dB at 1 kHz, 5.3±11.8dB at 2 kHz and 
7.8±13.4dB at 4 kHz. Among patients with no demonstrable waveforms by click ABR with maximal 
click stimulus, a large percentage presented with ASSR thresholds. Of these, 80.5% (33 of 41) had 
measurable results at 0.5 kHz with an average of 107.3±11.1dB, 85.4% (35 of 41) at 1 kHz with an 
average of 110.5±11.8dB, 73.2% (30 of 41) at 2 kHz with an average of 111.2±11.1dB and 63.4% 
(26 of 41) at 4 kHz with average of 112.2±8.21dB. Auditory steady-state response results were 
comparable to auditory brainstem response results in normal to severe hearing loss and provided 
additional information necessary for complete audiologic assessment especially among patients 
with severe to profound hearing loss wherein click ABR showed no  responses. Up to 85.4% of 
patients that would have been noted to have no waveforms by click ABR still demonstrated 
measurable thresholds by ASSR. 

Conclusion:  Our study suggests that ASSR may be the best available tool for assessing children 
with severe to profound hearing loss, and is a comparably effective tool in overall hearing 
assessment for patients requiring electrophysiological testing. The advantages of ASSR over click 
ABR include: 1) detection of frequency-specific thresholds and; 2) the detection of hearing loss 
thresholds beyond the limits of click ABR. 
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Hearing screening has been employed in the Philippines for 
more than a decade with recent efforts to promote universal newborn 
hearing screening. Despite detrimental effects of childhood hearing 
loss documented among Filipino children,1 we still lack widespread 
use of newborn and infant hearing screening programs. Advocacy and 
active promotion have resulted in increasing popularity of the use of 
otoacoustic emissions (OAE) and auditory brainstem-evoked response 
(ABR). However, auditory steady-state response (ASSR) has only recently 
become available in the Philippines despite its well established use. For 
instance, it has been incorporated in hearing screening programs in the 
United Kingdom since 2007.2

Auditory Steady-State Response (ASSR) and Auditory Brainstem 
Response (ABR) are both electrophysiologic tests with very similar basic 
principles. The EEG waveforms generated from the auditory stimulus are 
assumed to correspond to certain portions of the auditory brainstem 
pathway. The presence or absence of these waveforms in response to a 
stimulus determines the estimated threshold of the patient for ABR.

Click ABR is still the most commonly used electrophysiologic test 
to evaluate the auditory pathway’s integrity among infants and young 
children. Click stimuli used for ABR are broad frequency over the 
spectrum 1k-4 kHz.3 Tone-burst ABR has been shown to have good 
correlation for low frequency range of 250 Hz.4 Tone-burst ABR and 
ASSR have frequency specific stimuli and have been shown to have 
accurate correlation.5 Tone-burst ABR’s need for new instrumentation 
and technical expertise has limited it’s application locally. 

Moreover, ABR requires experience in waveform analysis and can 
be prone to reader error. ASSR employs an objective, sophisticated, 
statistics-based mathematical detection algorithm to detect and define 
hearing thresholds. This objectivity provides an added advantage over 
ABR.  

Several studies have confirmed the correlation of ABR to ASSR 
results,5,6,7,8,9 as well as correlation to pure-tone thresholds.10,11,12  Hearing 
loss beyond 95dB are beyond the limits for ABR stimulus presentation. 
Compared to the limitation of click ABR, ASSR signal intensity can be as 
high as 120 dB. 

Despite the acceptance of ASSR as a diagnostic test in the evaluation 
of hearing loss, there has been no local investigation on ASSR in Filipino 
hearing-impaired children. The results of this study can be used to 
estimate thresholds in cases where ABR flat waves have been recorded. 
These will provide information that may be important for counseling 
parents and clinicians regarding the rationale for hearing aid fitting and 
its settings in patients who would have been deprived of knowing the 
extent of residual hearing in areas where as yet no ASSR services are 
available.

The objectives of this study are 1) to compare the results of ASSR 
and click ABR among Filipino infants and young children tested at the 
Ear Unit in the Philippine General Hospital; 2) to correlate the click ABR 
and ASSR and; 3) to describe the ASSR results among patients with non-
reactive waveforms on maximal click ABR stimulus.

METHODS
Subjects
All patients who failed a hearing screening and who were referred 

to the Ear Unit of the Philippine General Hospital for electrophysiologic 
testing were considered and informed consent was obtained. Excluded 
were patients who could not undergo electrophysiological testing either 
due to external ear abnormalities, inability to be fit with electrodes/ear 
inserts or undergo sedation. Fifty five patients were included, aged 
2 months to 35 months. The majority of patients referred could not 
undergo behavioral testing.

Hearing assessment was conducted in a soundproof room. 
Electrophysiological audiologic assessment was performed in the same 
session and administered by the same tester. Patients were tested under 
sedation using chloral hydrate or in natural sleep state when consent 
for sedation was not given.

ABR stimulation and recording
Click ABRs were recorded using the Bio-logic MASTER system (Bio-

logic Systems Corporation, Mundelein, IL). Click ABRs were measured 
with electrodes affixed to the vertex and to the mastoid processes. 
Either the forehead or the contralateral mastoid process served as 
ground. Electrode impedances never exceeded 3000 mΩ.

Responses were measured to 100 ms rarefaction clicks presented 
monaurally. ABRs were obtained initially at 30 dB or 70dB depending 
on the clinical presentation of the patient. One thousand twenty four 
stimulus presentations were included in each average response which 
was replicated at least once. Waveforms recorded with artifacts of 
movement were re-sampled. A 10 dB increment or decrement was 
used to determine the threshold. The threshold was determined at 
the lowest level at which an ABR Wave V was present as determined by 
visual inspection of the waveforms displayed on the computer screen.

ASSR stimulation and recording
ASSR testing immediately followed the click ABR for patients who 

were still asleep or sedated. The same surface electrodes used in ABR 
were also used for ASSR, which was measured using a predefined 
program of the same Bio-logic MASTER apparatus. Patients were 
tested at 10dB below previously determined ABR thresholds when 
available. Increments/decrements of 10 dB were used depending on 
the required number of sweeps per frequency and threshold. Patients 
tested for thresholds of 80dB and above were tested monaurally and 
one frequency at a time. The MASTER system takes into account the 
variance of the noise along with the variance of the response and 
determines significance using an F-test.

RESULTS
Fifty five patients, aged 2 months to 35 months with mean age at 

18 ± 9 months were included in this study (Table 1). One patient was 
tested unilaterally due to aural atresia which prevented placement of 
ear inserts in the affected ear.  Five patients woke up during ABR testing, 
completing only one of the ears tested.  One patient did not complete 
ASSR testing for one ear. A total of 103 ears were tested for both ABR 
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and ASSR. ABR test results were compared to ASSR results at 500Hz, 
1,000Hz, 2,000Hz and 4,000 Hz when available. 

Statistical analysis was done with Pearson and Spearman 
correlation using GraphPad Prism version 5.00 for Windows, (GraphPad 
Software, San Diego California USA,www.graphpad.com). Table 2 lists the 
correlation data and values.  ABR showed strong positive correlation 
to all frequencies and averages of ASSR. Highest correlation was noted 
with the average of 1-4 kHz ASSR results (Figure 1) with Pearson r = 0.89 
(Spearman r = 0.80), the average of 2-4 kHz (Figure 2) had strong positive 
correlation r = 0.88(0.79). These results, however, are less than those 
determined by previous studies (Pearson r=0.92).13 Correlation was 
consistently strong through all ASSR frequencies (Table 2, Figure 3). All 
correlations were significant at a 0.01 level of significance (2 - tailed).

Differences between the click ABR and ASSR thresholds were also 
noted (Table 3). The average differences of click ABR and ASSR thresholds 
were 8.2 ± 12.9dB for 0.5 kHz, 8.6 ± 12.6dB at 1 kHz, 5.3 ± 11.8dB at 2 kHz 
and 7.8 ± 13.42dB at 4 kHz.

Forty-one  patients were non-responsive (NR) or exhibited no 
recognizable waveforms with maximal stimulus by click ABR. Two test 
ears were non-responsive (NR) by both click ABR and ASSR. Of 41 test 
ears non-responsive (NR) by click ABR, 39 had results with ASSR for at 
least one frequency.

Among patients with no demonstrable waveforms by click ABR, a 
large percentage presented with ASSR thresholds. Of these, 80.5% (33 
of 41) had measurable results at 0.5 kHz with a mean of 107.3 ± 11.1dB, 
85.4% (35 of 41) at 1 kHz with an average of 110.5 ± 11.8dB, 73.2% (30 
of 41) at 2 kHz with a mean of 111.2 ± 11.1dB and 63.4% (26 of 41) at 4 
kHz with mean of 112.2 ± 8.2dB (Figure 4).

DISCUSSION
This study confirmed that ASSR is comparable to click ABR as 

a measure of hearing thresholds for Filipino children. The highest 
correlation was found to be with the average of 1-4 kHz followed by 
the average of 2-4 kHz due to the nature of the click stimulus being 
within the high frequency range. These results were very similar to 
those demonstrated in 48 infants and young children by Swanepoel 
and Ebrahim.8 The click stimulus, as described earlier, does recruit the 
cochlear range of 1-4k. It could be recommended that click ABR be 
compared to the averages of high frequency ASSR rather than to a 
single frequency. 

The means of the differences (Table 4) between click ABR and ASSR 
test frequencies were minimal (less than 10dB), which is the increment 
used in clinical practice. With the hearing thresholds 0-40dB and 61-
80dB, ASSR averages were generally higher by approximately 10dB 
and 15dB. These differences varied in the higher sound intensities. 
ASSR much more closely approached thresholds obtained by click 
ABR in the severe to profound hearing levels, though the limited 
number of patients with recordable thresholds by click ABR may have 
influenced results greatly. The over-estimation of thresholds may have 
been influenced by machine calibration or affected by the statistical 
elimination of EEG noise which is especially prominent among lower 
intensity thresholds.13  These results of over-estimation of thresholds Figure 3.  Shows the distribution of the ASSR against the ABR.

Figure 3. Scatter  Plot of ASSR Frequencies vs ABR
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Figure 2.  Shows the distribution of the average threshold of 2-4 kHz ASSR against the ABR.

Figure 2. Scatter  Plot of 2-4 kHz Average ASSR vs ABR
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Figure 1.  Shows the distribution of the average threshold of 1-4 kHz ASSR against the ABR.

Figure 1. Scatter  Plot of 1-4 kHz Average ASSR vs ABR
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best demonstrate the limitation of testing with ABR for patients with 
profound hearing loss in the range of the click stimulus. Notably, up to 
85.4% of patients that would have been noted to have no waveforms 
by click ABR still demonstrated measurable thresholds by ASSR.  Figure 
4 shows the results of patients that still had ASSR thresholds but had no 
waveforms by click ABR. The majority of thresholds were distributed at 
110-120dB but the variation of ASSR thresholds varied widely especially 
among the lower frequencies. It may therefore be necessary that 
patients noted to have no waveforms by ABR be crosschecked by ASSR. 
The recommendation is that ASSR testing be done in patients who fail 
to demonstrate waveform responses by click ABR. 

Our study suggests that ASSR may be the best available tool 
for assessing children with severe to profound hearing loss and is a 
comparably effective tool in overall hearing assessment for patients 
requiring electrophysiological testing. The advantages of ASSR over 
click ABR (Table 4) include: 1) detection of frequency-specific thresholds 
and; 2) the detection of hearing loss thresholds beyond the limits of click 
ABR.  However, it is our view that ASSR not be taken as a replacement for 
the click ABR but as a complement to the audiologic armamentarium.

Table 1. Classification of Patients’ Hearing

Hearing Status 
(ABR thresholds)

Total No. of Ears

0-40dB
41-60dB
61-80dB
81 and above dB
No Response
All thresholds

41
8
9
4

41
103

Average Age
Months

15 ± 9
11 ± 7
18 ± 10
22 ± 8
22 ± 8
18 ± 9

Table 2. Correlation of click ABR to ASSR thresholds

Pearson Correlation
Spearman Correlation
Sig. (2-tailed)
N

0.5 kHz
.86
.74
.00
62

1 kHz
.88
.78
.00
62

2 kHz
.87
.79
.00
62

4 kHz
.85
.76
.00
62

1-4 kHz
.89
.80
.00
62

2-4 kHz
.88
.79
.00
62

Table 4. Comparison of click ABR to ASSR 

Detection of Retrocochlear 
Pathology
Neural/ Auditory Neuropathy

Intraoperative Monitoring
Estimation of Hearing Thresholds
Normal hearing

Severe to profound hearing loss

Ski slope hearing

Frequency range
Simultaneous testing

Click ABR

Sensitivity of >90%14

Identified with wave I

Yes15

Accurate

Accurate only to moderate HL
Limited to 95dB15
Results not representative of 
hearing loss
1-4 kHz
No

ASSR

No studies available

Cannot differentiate sensory from 
neural
No

Tendency for over-estimation if 
patient not sedated
Accurate from moderate to 
profound HL
Frequency-specific thresholds

0.25-4 kHz
Up to 8 frequencies at a time13

are consistent with results from several studies.11,12 The approach of the 
average ASSR threshold to the click ABR may also be due to the effect of 
saturation of ASSR thresholds noted at higher frequencies when using 
sweeps of intensities as noted by Picton.13 

For patients without demonstrable ABR waveforms at maximal 
click intensity, a large percentage showed residual hearing at 500Hz at 
a mean close to the limit of the ABR. From 1k to 4 kHz, there were a 
decreasing number of patients with responses to ASSR. These results 

Table 3. Mean Differences between ASSR and click ABR

0-40dB
41-60dB
61-80dB
81dB and above
All Thresholds

N
41

8
9
4

62

Hearing 
thresholds 0.5 kHz

8.8±11.6
8.1±18.9
10.±11.2
-1.2±18.0
8.2±12.9

1 kHz
8.2±10.9
3.8±16.2
17.3±13
2.5±15.6
8.6±12.6

2 kHz
6.2±9.5
0.6±14.74
8.9±13.2
-2.5±22.2
5.3±11.8

4 kHz
8.3±9.3
2.5±17.3
15±20
-2.5±19.4
7.8±13.4

1-4 kHz
7.6±8.8
2.3±12.9
13.7±12.4
-0.8±19.0
7.2±11.0

2-4 kHz
7.3±8.9
1.6±13.6
11.9±13.4
-2.5±20.7
6.6±11.4

Difference in decibels (dB)
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