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frequently than other conditions, is 100 times more prevalent than 
phenylketonuria and 10 times more than hypothyroidism is 5 times 
more frequent than Down Syndrome and 25 times more than spina 
bi�da. Permanent hearing loss during childhood occurs in 1-3 of every 
1000 infants, and in 2-4 of every 100 infants discharged from neonatal 
intensive care units [10].

�e importance of the health problem in childhood that deafness 
implies has been valued by national and international scienti�c bodies 
and societies. Universal Neonatal Auditory Screening is a valuable 
strategy for detecting newborns with permanent hearing damage, using 
both EOA and PEATC. �e latter with a higher sensitivity (97-100%) 
and greater speci�city (86-96%), which is why they are considered the 
gold standard for detection of hearing loss. However they prove to be a 
complex and costly method [10].

Currently in our environment (community) otoacoustic emissions 
are performed as part of neonatal screening for hearing loss, however 
there are no reports in our institution about the prevalence, sensitivity 
and speci�city of this test [11].

To carry out systematic screening studies in the open population, it 
is necessary to know if the sensitivity and speci�city of this test can be 
reproducible in our environment. In addition, we have reported very 
di�erent rates of sensitivity and speci�city, ranging from 67% to 100%, 
depending on the study, which leads us to ask whether the incidence of 
newborns diagnosed with hearing loss is the real one, and if It would 
not be necessary to ask how many of these children are staying without 
a timely diagnosis and early rehabilitation [12].

�erefore, our objective was to know the sensitivity and speci�city 
of otoacoustic emissions in healthy newborns without risk factors.
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Results

815 newborns without risk factors were studied, 409 were males, 
corresponding to 50.2%, 406 (49.8%) were females. With respect to 
weight, the average was 3347.94 grams (grs), with a median of 3310 
grs, and a standard deviation of 401,337 grs (Table 1). �e histogram 
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newborns. �erefore we con�rmed as true positives 2 patients, 3 false 
negatives, 11 false positives and 799 true negatives (Table 4 and Figure 5).

Figure 6 shows the likelihood ratio in the Fagan nomogram in the 
right ear con�rming that the pos-test test for positive result is 18% with 
a margin of 5 to 40% and for negative result is 0.61% with A variability 
between 0.4 to 0.8%.

Table 5 shows the statistical data and results of each of the tests: 
Sensitivity, Speci�city, Positive likelihood ratio (LR +) and Negative 
(LR-), Estimated Prevalence, Positive Predictive Value (PPV), and 
Value Negative predictive (VPN) in the right ear.

�e global representation of the diagnostic accuracy in the right 
ear of otoacoustic emissions can be seen in the ROC curve, the points 
indicate the cuto� point that determines Sensitivity and Speci�city 
(Figure 7). �e value of the Area Under Curve (AUC) was also 
determined to evaluate the overall accuracy index of the test (Table 7).

In Table 8, we represent the statistical tests to see the distribution 
of our test, with the following result: a Pearson X2 with a statistical 
signi�cance of p=0.000, a Fisher’s Exact Test with a value of p=0.002.

In the le� ear is presented the Table 2 where the “gold standard”, 
BERAphone vs Otoacoustic Emissions (EOA) is presented. We can see 

that of the total number of patients studied (n=815), 6 did not pass the 
test and 809 did pass it’ (Figure 8 and Table 8).

In the Fagan nomogram (Figure 9) of the le� ear for positive result 

Figure 4: Flow chart of all newborns in both tests and all ears.
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has a post-test probability of 46% and for a negative result a pos-test 
probability of 0.14. �e statistics of the results for le� ear, namely: 
Sensitivity, Speci�city, LR+, LR- Prevalence, PPV and NPV, are 

presented in Table 9. More accurately and unrelated to prevalence, a 
sensitivity of 83.33% and a speci�city of 99.26% were found in the ROC 
Curve. Figure 9, with an AUC precision of 0.913 (Table 10). And with 
a p=0.00 of the Pearson Chi-Square, and a value of p=0.000 for the 
Fisher’s Exact Test, and a continuity correction of 246,250 and a value 
of p=0.000 (Table 11). When all the tests (n=1630) were analyzed, all 
patients (n=815) in Table 2X2 showed that 11 patients did not pass the 
test and 1619 if they passed it (Table 12), with True Positives 7, False 
Negatives 4, False Positives 17, and True Negatives 1602 (Figures 10 
and 11).

In the Fagan Nomogram for the study of all ears, a pos-test test of 
30% and a negative test result of 0.3% with an LR + of 60.60 and an 
LR- of 0.37 were evaluated for a positive result. Is shown in Figure 12.

�e statistical results of all tests (n=1630) Sensitivity, Speci�city, 

Figure 8:���'�L�V�W�U�L�E�X�W�L�R�Q���R�I���O�H�I�W���H�D�U�V���V�W�X�G�L�H�G���D�Q�G���L�G�H�Q�W�L�¿�F�D�W�L�R�Q���R�I���G�H�D�I���D�Q�G���K�H�D�O�W�K�\��
as well as false positives, false negatives, true and true negatives.
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LR +, LR-, Prevalence, PPV and NPV are presented in Table 13. And 
with more precision in Figure 13, in the ROC test we observed a 
Sensitivity of 63.64% and a Speci�city of 98.95%. And in Table 14 the 
AUC curve with a result of 0.805. Table 15 presents the statistical tests 
for the Pearson Chi-Square with a p=0.000, a Continuity Correction of 
253,440 with p=0.000 and a Fisher’s Exact Test of p=0.000.

Discussion

�e need to identify hearing problems at birth and to ensure 
diagnosis and intervention before the age of six months is recognized as 
an international health standard [13]. Currently, more countries have 
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Additionally, a high false positive rate is recognized in its application, 
many of which are due to transient conductive losses [24].

In these cases, it is recommended to repeat the test several times or 
to combine it with a PEATC test (BERAphone), with the disadvantage 
of increasing the false negatives. �is last one plays a preponderant 
role in underdeveloped countries and especially in communities of 
very low resources, with economic and emotional repercussion in the 
family, reason why in Mexico it has been reported that more than 90% 
of pediatric patients attended by hearing problems, Were not detected 
early and timely [25,26].

�e methodology recommended in the various programs of 
neonatal auditory screening is a sequential protocol based on the 
exploration of the newborn with EOA and/or PEATC (BERAphone). 
Undoubtedly one of the most relevant advantages of its implementation 
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Figure 13: COR curve of EOA vs. BERAphone, accuracy of sensitivity and 
�V�S�H�F�L�¿�F�L�W�\���L�Q���Q�H�Z�E�R�U�Q�V���L�Q���D�O�O���H�D�U�V���D�Q�G���D�O�O���S�D�W�L�H�Q�W�V��

Statistic Formula Value 95% CI
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�6�S�H�F�L�¿�F�L�W�\ d
c d��

������������ ���������������W�R��������������

Positive Likelihood Ratio

100
Sensitivity

Specificity��

60.60 31.62 to 116.15

Negative Likelihood 
Ratio

100 Sensitivity
Specificity
�� �������� �����������W�R����������
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EOA: Otoacoustic Emissions.
BERAphone: Cerebral Stem Auditory Evoked Potentials.
�&�,�����&�R�Q�¿�G�H�Q�F�H���,�Q�W�H�U�Y�D�O��
�6�R�X�U�F�H���� �6�3�6�6�� �9�������� �G�D�W�D�E�D�V�H�� �R�I�� �W�K�H�� �V�W�X�G�\���� �6�H�Q�V�L�W�L�Y�L�W�\�� �D�Q�G�� �6�S�H�F�L�¿�F�L�W�\�� �R�I��
Otoacoustic Emissions in Healthy Newborns without Risk Factors.

Table 13:�� �5�H�V�X�O�W�V�� �R�I�� �$�/�/�� �(�$�&�+�� �$�1�'�� �$�/�/�� �3�$�7�,�(�1�7�6�� �V�W�X�G�L�H�G�� �Z�L�W�K�� �(�2�$�� �Y�V����
BERAphone.

Figure 12: Nominal fake everyone with EOA vs. BERAphone.
Variables contrast result

Area Error típ. Sig. 
Asymptotic

�$�V�\�P�S�W�R�W�L�F���F�R�Q�¿�G�H�Q�F�H���L�Q�W�H�U�Y�D�O���D�W��������

Lower limit Upper limit

0.805 0.106 0.003 ���������� 1.000

EOA: Otoacoustic Emissions
BERAphone: Cerebral Stem Auditory Evoked Potentials
�6�R�X�U�F�H���� �6�3�6�6�� �9�������� �G�D�W�D�E�D�V�H�� �R�I�� �W�K�H�� �V�W�X�G�\���� �6�H�Q�V�L�W�L�Y�L�W�\�� �D�Q�G�� �6�S�H�F�L�¿�F�L�W�\�� �R�I��
Otoacoustic Emissions in Healthy Newborns without Risk Factors.

Table 14: Area Under the Curve of all ears and all patients studied with EOA vs. 
BERAphone.

Statistical Testing Value Statistical 
�6�L�J�Q�L�¿�F�D�Q�F�H

�3�H�D�U�V�R�Q���&�K�L���V�T�X�D�U�H �������������� p=0.000

Continuity correction 253.440 p=0.000

Fisher’s exact test  p=0.000

�/�L�Q�H�D���E�\���O�L�Q�H�D�U���D�V�V�R�F�L�D�W�L�R�Q�������������� p=0.000

Number of cases 1630

EOA: Otoacoustic Emissions.
BERAphone: Cerebral Stem Auditory Evoked Potentials.
�6�R�X�U�F�H���� �6�3�6�6�� �9�������� �G�D�W�D�E�D�V�H�� �R�I�� �W�K�H�� �V�W�X�G�\���� �6�H�Q�V�L�W�L�Y�L�W�\�� �D�Q�G�� �6�S�H�F�L�¿�F�L�W�\�� �R�I��
Otoacoustic Emissions in Healthy Newborns without Risk Factors.

Table 15: Statistical tests of EOA V/S BERA phone of all ears and all patients.

for clinical use of EOA was to facilitate the development of such 
programs for children hearing loss since it is the �rst time that available 
technology was available and applicable to a large group of patients. 
However, all these protocols are conditioned to the technological 
evolution causing a great demand in the development of the automated 
equipment of EOA. Subsequently, the emergence of automated PEATC 
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although a statistically signi�cant di�erence has not been demonstrated 
[25-28].

�e implementation of a universal neonatal auditory screening 
program has been uneven, the reasons are diverse and the most relevant 
factors involved is the need to invest a large amount of economic 
resources. In fact, universal hearing aid programs with EOA are closely 
linked to a constant economic evolution [29].

�erefore, in our project, we con�rmed the poor sensitivity and 
very high speci�city of OAEs in the healthy newborn without risk 
factors, using the PEATC (BERAphone) as the gold standard.

Since the discovery of OAE, a large number of studies have been 
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of the hospital according to the number of births per year, in the larger 
hospitals the recapture of patients was higher and in small hospitals 
the reference was higher. �e sensitivity was 100%, and they found no 
false negatives. �ey conclude that the successful implementation of 
neonatal auditory screening depends on the educational e�ort of the 
health professional in the community, commitment by the program 
planning group, and a good data tracking system.
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