


Correlation Between Auditory Brainstem Responses and Auditory Steady-State Responses in Patients with Hearing Loss: A Retrospective Comparative Study

ABSTRACT:
Background: A hearing loss can have significant impacts on individuals' quality of life, including difficulties in communication, social isolation, deterioration of interpersonal relationships, and decreased self-esteem. 
Objectives:
The study aimed to compare the auditory thresholds acquired using auditory brainstem response (ABR) and auditory steady state response (ASSR) audiometry in children and adults with hearing loss.
Methods:
Hearing thresholds were obtained by ABR and ASSR in patients who presented with suspicion of deafness at Ear, nose & throat department of Hospital 20 Août 1953 in Casablanca, between September 2021 and September 2022. Data were collected from 80 patients, totaling 160 ears marked for surdity. The study analyzed sociodemographic aspects, clinical characteristics, and population description. Quantitative variables were characterized using mean, median, and diffraction type, while qualitative variables were described using proportions and percentages. Pearson's bivariate correlation coefficient was used to compare quantitative variables. 
Results:
A total of 80 patients (160 ears) were included in the study. Among them 44 (55%) were male and 36 (45%) were female. The mean age of patients at presentation was 26 months with age range from 05 months to 70 years. There was a notable difference in detection rates between ABR (41%) and ASSR (36%-59%) at various frequencies. Significant differences were observed between ABR and ASSR threshold measurements at different frequencies, highlighting discrepancies in hearing loss estimation. Pearson correlation analysis indicated a strong correlation between ABR and ASSR thresholds especially in the 2kHz and 4kHz frequencies.
Conclusion:
ASSR thresholds are more effective in assessing hearing loss, particularly at frequencies relevant to language development.
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INTRODUCTION:
Audition is crucial for our physical, mental, and social well-being, allowing us to perceive our environment, interact effectively, and maintain social relationships. The ear is a highly intricate organ which is susceptible to various traumas and diseases, of which auditory loss is a monumental change which can take place in any individual’s life, regardless of age, thus leading to a decrease in quality of life (Kulkarni et al., 2021). A hearing loss can have significant impacts on individuals' quality of life, including difficulties in communication, social isolation, deterioration of interpersonal relationships, and decreased self-esteem. Patients with hearing loss may have other health conditions, comorbidities of organic and/or psychosocial origin that directly impact the diagnosis, prognosis and process of auditory rehabilitation (de Andrade et al., 2022). Infants and children with premature auditory loss can benefit from early intervention to address auditory deterioration. The average age for cochlear implantation tends to decrease, emphasizing the importance of early, precise auditory information for decision-making regarding auditive treatments. Different audiological tests are used to evaluate the state of audition in children, but they are often insufficient due to lack of cooperation and inability to understand the test. The most common method for early auditory loss identification is the Auditory Brainstem Response (ABR), but it provides limited information on specific frequencies. A new technique called Stationary Auditory Steady-State Responses (ASSR) is popular for providing detailed information on specific audition symptoms. Traditional frequency analysis assumes ASSR is a stationary response, which can be analysed using linear analysis approaches, such as Fourier analysis or Wavelet. However, recent studies have reported that the human steady-state responses are dynamic and can be modulated by the subject’s attention, wakefulness state, mental load, and mental fatigue (Lee et al., 2022). This study aims to better understand the neurophysiological mechanisms related to auditory perception in individuals with deafness, identifying differences between the two methods in terms of sensitivity and specificity.

METHODS:
We conducted a retrospective comparative study on patients who presented to our department for an important hearing loss. In this study, we used two electrophysiological tests, namely ABR, which is considered a reference method, and ASSR, a recently introduced method, to assess their hearing.
The data were collected based on a detailed exploitation sheet.

The study was conducted in the Otolaryngology Department of the Ibn Rochd University Hospital Center (CHU) at the 20 August Hospital over an extended period from September 2021 to September 2022 on a population of 80 patients who underwent electrophysiological assessment of their hearing through the two tests ABR and ASSR.

First, a descriptive analysis of the sociodemographic aspects and clinical characteristics, as well as a description of the population, were conducted.
Quantitative variables were characterized using the mean, median, and standard deviation. Qualitative variables were described using proportions and percentages.
To compare the percentages, the statistical test used was the chi-square test or Fisher's test, with a p-value ≤ 0.05 considered statistically significant for the observed differences. Bivariate correlation was used to compare two quantitative variables using Pearson's statistical law.

The data analysis was conducted taking into account all ears, including those that did not respond to the maximum output level of the equipment (100 dB nHL). For the ears without a response, a measurement of 110 dB nHL was assigned.

RESULTS:
The age of the patients at the time of the examination varies between 5 months and 70 years, with an average age of 10 years and a standard deviation of 13.91. The age group most represented in our sample is that of children aged between 5 months and 11 years, with 66 patients.

Among the 80 patients in our series, there were 36 women (45%) and 44 men (55%) With a sex ratio of 1.2.

The most frequent reason for consultation in our series is language delay found in 37 cases (46.3%):
- Post-lingual deafness in 16 cases (20%).
- Pre-lingual deafness in 9 cases (11.3%).
- Post-meningitis deafness in 4 cases (5%).

- Unilateral deafness in 4 cases (5%)
- Others (12.4%):  
· Cochlear implant procedure was in 3 cases (3.8%)
· Prematurity assessment was in 1 case (1.3%)
· Speech therapy assessment was in 1 case (1.3%)
· Neonatal jaundice was in 1 case (1.3%)
· Psychomotor delay was in 1 case (1.3%)
· Down syndrome was in 1 case (1.3%)
· Post-traumatic deafness in 1 case (1.3%)
· Language disorder in 1 case (1.3%)

160 responses were obtained (80 patients x 2 ears) by the ABR using click stimuli.
Table 1: Averages of the ABR and ASSR thresholds (0.5; 1; 2; 4) kHz, their maximum and minimum values, and their standard deviations
A total of 640 ASSR responses were collected at the four frequencies (0.5, 1, 2, and 4 kHz), with 330 responses obtained (51.5%) and 310 without response (48.5%).
Thresholds obtained in ABR and ASSR are detailed in the table below.
	

	ABR
	ASSR
0.5 kHz
	ASSR
1 kHz
	ASSR
2 kHz
	ASSR
4 kHz

	Number of responses present
	85
	96
	89
	99
	85

	Minimum value
	70
	60
	70
	65
	70

	Maximal value
	100
	100
	100
	100
	100

	Average
	94,8
	85,72
	88,47
	85,51
	91,4

	Standard deviation
	9,19
	14,45
	10,62
	11,53
	9,42



Secondly, the distribution of present and absent responses in ABR and ASSR have shown that: 
· ABR and ASSR at 0.5 kHz:
· 82 ears out of the 164 tested (50%) had a present response in both tests
· 65 ears (40%) did not have a response in both tests at the maximum stimulation intensities.
· 3 ears (2%) had ABR responses without ASSR responses 
· 14 ears (8%) had ASSR responses without ABR responses

· ABR and ASSR at 1 kHz:
· 82 ears (50%) had responses in both tests
· 72 ears (44%) did not have a response in both tests at the maximum stimulation intensities
· 3 ears (2%) had PEA responses without ASSR responses
· 7 ears (4%) had ASSR responses without PEA responses

· ABR and ASSR at 2 kHz: 
· 78 ears (48%) had responses in both tests
· 57 ears (35%) had no response in both tests at the maximum stimulation intensities
· 7 ears (4%) had ABR responses without ASSR responses
· 22 ears (13%) had ASSR responses without ABR responses

· ABR and ASSR at 4 kHz: 
· 76 ears (46%) had responses in both tests
· 68 ears (42%) did not have a response in both tests at the maximum stimulation intensities.
· 10 ears (6%) had ABR responses without ASSR responses
· 10 ears (6%) had ASSR responses without ABR responses

 
 
Fig 1: Distribution of present (+) and absent (-) responses in ABR and ASSR

The hearing thresholds obtained from ABR recordings were compared to ASSR thresholds at 0.5, 1, 2, and 4 kHz and to the average of the 2 and 4 kHz frequencies.
It is found that the averages of the differences (ABR-ASSR) are positive, indicating that the first variable (ABR) overestimates hearing loss compared to the second variable (ASSR) for the different frequencies. 
The relationship between ABR thresholds and ASSR thresholds was studied by examining Pearson's correlation coefficient (r) and Student's t-test for each frequency (0.5, 1, 2, and 4 kHz) and at the average of 2 and 4 kHz. For each statistical test, we calculated the p-value for statistical significance.
	Frequency (kHz)
	Pearson r
	p value

	0.5
	0,8
	0,05

	1
	0,95
	0,04

	2
	0,96
	0,03

	4
	0,92
	0,03

	Average (2,4)
	0,94
	0,03


Table 2: Pearson correlation coefficient (r), and p-value of ASSR threshold average for each ABR threshold at 0.5, 1, 2, and 4 kHz and at the average of 2 and 4 kHz

DISCUSSION: 
The difference in hearing threshold detection between ABR and ASSR is 10.25% in favor of ASSR, giving the latter a significant advantage over ABR in terms of hearing threshold detection.
The fact that more responses are obtained with ASSR than with ABR at the upper limits of stimulation of the equipment suggests that ASSR provides additional information compared to ABR regarding the estimation of hearing thresholds. 
The superiority of ASSR over ABR in detecting hearing thresholds in cases of hearing loss has been explored in several studies.
In the study by Stueve and O'Rourke conducted on 76 patients, ABR was done in 151 ears, and ASSR in 147 ears, and the absence of an ABR threshold at the equipment limits occurred in 44 ears. Of these 44 ears, 34 (77%) had ASSR thresholds that averaged 110 dB HL at 250-4000 Hz. “Toneburst ABR at 500 Hz was tested in 80 ears, of which 23 had no response at the equipment limits. Of these 23 ears, 15 (65%) had ASSR thresholds present at 500 Hz, which averaged 105 dB HL. The absence of thresholds at audiometric limits at all frequencies between 250 and 8000 Hz occurred in 7 ears (4.6%). The absence of ASSR with present ABR thresholds did not occur in any ears” [1]. 
“In another study by Azeem Aslam et al conducted on 57 patients (114 ears) using ABR click and chirp stimuli, a response was observed in 43 ears (37.7%), while in 71 ears (63.3%) there was no response up to the upper limit of stimulus intensity. With four-frequency ASSR (0.5, 1, 2, and 4 kHz), a response was observed in 58 ears (50.9%), while in 56 ears (49.1%), no response was recorded at any of the four frequencies up to a stimulus of 100 dB”[2].
“None of the ears with no response on ASSR showed a response with ABR (either click/chirp), while in 15 (13.1%) ears in which the click ABR showed no response up to the equipment limit, the ASSR showed a response, and in 11 (9.6%) ears in which there was no response with chirp ABR, the ASSR showed a response” [2].
“In the study by Vander Werff et al, the click ABR test was performed on 57 ears of 32 children. Of these 57 ears, 31 did not respond to clicks at the limits of the equipment. ASSR tests at 2000 Hz were performed on all 57 ears, with 13 of them showing no response at the equipment limits. ABR and ASSR tests at 500 Hz were performed on 53 ears. Thirty of these ears did not respond to the 500 Hz burst at the limits of the equipment, while 20 did not respond to the ASSR. All ears that had an ABR click also had a response to the 2000-Hz ASSR. Two ears had an ABR click and an ASSR at 2000 Hz but no ASSR response at 4000 Hz. There were no cases at 500 Hz in which a response was obtained to the ABR stimulus but not to the ASSR” [3].
Numerous other studies have objectively demonstrated the superiority of ASSR in detecting thresholds at the maximum limits of the equipment [4 – 7].
Several studies have investigated the reasons for these differences in detection between ABR and ASSR. One reason is that with the ASSR technique, higher stimulus levels can be presented, which is not possible with ABR. 
“In most auditory evoked potential tests, the upper limit of stimulus intensity that can be presented in ABR tests is 90 to 95 dB HL, whereas in ASSR, stimulus intensities of up to 120 dB HL can be presented” [2]. “Consequently, ASSR can detect hearing thresholds at a much higher degree of deafness than ABR. This aspect of ASSR is highlighted in numerous other studies which also suggest that not only can hearing be tested with higher stimulus intensities, but that ASSR results become more reliable as the severity of hearing loss increases” [8,9].
“Other studies have highlighted the presence of artifactual responses during 
ASSR recording with high-intensity stimuli, mainly at frequencies of 500 and 1000 Hz. Researchers have also reported the presence of noisy ASSRs in individuals with severe to profound hearing loss who were unable to hear the stimuli. Artifactual responses were more frequent at modulation rates of 500 and 1000 Hz compared to 1250 Hz. These studies also revealed that the stimulus artifact can cause spurious responses at all carrier frequencies when a modulation rate of 500 Hz is used, and at frequencies of 1000, 2000, and 4000 Hz when a modulation rate of 1000 Hz is used” [10].
Experiments have shown that changes in stimulus polarity result in a significant reduction in artifactual responses, confirming the hypothesis that the stimulus artifact is the main cause of these erroneous responses. Higher carrier frequencies showed fewer artifactual responses due to the lower amplitude of the stimulus artifact and the lower energy required to trigger a response.
“In light of these results, Picton and John recently explored other approaches aimed at reducing the likelihood of artifactual responses. They studied the use of stimuli whose frequency spectra did not correspond to the modulation frequencies of the responses, such as “alternating sinusoidal tones modulated by amplitude.” These tones, which alternate the polarity of the carrier frequency at each modulation cycle, produced response amplitudes similar to those obtained with algebraic amplitude modulation” [11].
These advances are promising for improving the accuracy and reliability of ASSR recording, and further research is needed to further explore these approaches and develop clinical methods for presenting alternating stimuli online to record ASSRs.
After a thorough analysis of association between ABR and ASSR responses, we can conclude that the correlation between ABR and ASSR thresholds is significantly high at frequencies of 0.5 kHz, 1 kHz, 2 kHz, and 4 kHz, as well as at the average of the latter two frequencies. Indeed, the average correlation between ABR and ASSR thresholds for these four frequencies (0.5 kHz, 1 kHz, 2 kHz, and 4 kHz) is strong. It is interesting to note that this correlation is more pronounced at high frequencies than at low frequencies.
Our results are consistent with previous studies that have also shown a strong correlation between ABR and ASSR across a wide range of frequencies [3,4,8,9,12,13). Furthermore, it has been established that the correlation is stronger at high frequencies [6,14-16] .
Based on these findings, it is reasonable to consider ASSR as a complementary test rather than an alternative to ABR. Although ASSR has the advantages mentioned above, it does have some disadvantages. For example, the ASSR test takes longer than the ABR test, unlike the click or chirp ABR test. In addition, artifacts are more pronounced when using ASSR.
“Nevertheless, it is important to note that despite these disadvantages, ASSR provides valuable additional information that can be useful in assessing hearing function, particularly when studying specific responses at higher frequencies. Therefore, it may be wise to consider ASSR as a complementary tool to ABR in order to obtain a more comprehensive and accurate assessment of the auditory system” [12].
Based on the results obtained, it is reasonable to consider ASSR as a complementary test rather than an alternative to ABR. Despite the advantages of ASSR mentioned above, it has certain disadvantages, as it requires more time than the ABR test, unlike the click or chirp ABR test. In addition, artifacts are more pronounced when using ASSR.
“However, it is crucial to emphasize that despite these disadvantages, ASSR provides valuable additional information that is useful in assessing auditory function, particularly when studying specific responses to higher frequencies. Therefore, it would be wise to consider ASSR as a complementary tool to ABR in order to obtain a more complete and accurate assessment of the auditory system” [17]
[bookmark: _GoBack]“By incorporating ASSR into the diagnostic test battery, one can gain a better understanding of auditory responses at different frequencies, allowing for a more thorough evaluation of patients. This combined approach offers a more holistic perspective of auditory function, thereby contributing to optimal clinical management of hearing disorders” [18]
CONCLUSION:
The study analyzes the correlations between auditive scores measured by ABR and ASSR, revealing a strong correlation between the two techniques. The findings align with scientific conclusions that earlier diagnosis of congenital abnormalities leads to better results in auditory rehabilitation. Many countries have implemented auditory screening programs for newborns, aiming to detect auditive deficiencies early in life. Auditive potentials are crucial in evaluating the function of a cochlear implant, allowing objective evaluation, precise determination of auditive scores, and identification of auditive deficiencies based on frequent distribution. The ASSR test offers a quick, objective, and automated auditing test, providing precise information on auditive level at different frequencies, making it a valuable tool for treatment decisions.
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Reponses at 4 KHz	
ABR+ / ASSR+	ABR - / ASSR -	ABR + / ASSR -	ABR - / ASSR +	76	68	10	10	



Responses at 0.5 KHz	
ABR+ ASSR+	ABR - / ASSR -	ABR+ / ASSR -	ABR - / ASSR +	82	65	3	14	



Responses at 1 KHz	
ABR+ / ASSR+	ABR - / ASSR -	ABR + / ASSR -	ABR - / ASSR +	82	72	3	7	



Responses at 2 KHz	
ABR+ / ASSR+	ABR - / ASSR -	ABR + / ASSR -	ABR - / ASSR +	78	57	7	22	






