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Abstract

Background: Sensorineural deafness is one of congenital disorders that caused by prenatal, natal, and postnatal factors.
Sensorineural deafness is a public health problem in the world due to its high prevalence and highly negative impact on
child development. Objective: To determine the relation between prenatal risk factors (family history of hearing loss,
ototoxic drugs consumption, history of infection, history of Diabetes Mellitus, history of gestational hypertension) with
sensorineural hearingloss in children at ENT- Head and Neck Polyclinic Dr. Zainoel Abidin Hospital. Methods: This study
was analytic retrospective with cross sectional design. The sampling technique used was simple random sampling. The
total samples are 47 children at the ENT-Head and Neck Polyclinic of RSUDZA who has been examined with OAE, BERA
and ASSR from January 2020 to December 2021 and diagnosed with sensorineural hearing loss. Data were analyzed
using SPSS which bivariate analysis using Chi- square and Fisher’s exact. Results: 47 children who had been diagnosed
with sensorineural hearing loss included in the inclusion criteria. The mean age of children in this study was 3.44 years
with male predominance of 55.3%. The most severe degree of hearing loss was found with the percentage of weight
(93.6%) in right ear and (89.4%) in left ear. A history of maternal infection during pregnancy was the most common
risk factor found in this study with profound hearing loss in both ears with p value = 0.05. Conclusion: No relation
between prenatal risk factors and sensorineural hearing loss in children.
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1. Introduction

Deafness occurs when the ear's ability to convert the mechanical energy of sound vibrations into electrical energy of
nerve impulses is impaired. There are three types of deafness: conductive deafness, sensorineural deafness, and mixed
deafness. Conductive deafness occurs when the transmission of sound vibrations is interrupted due to interference in
the outer and middle ear. Sensorineural deafness occurs in the inner ear, auditory nerve, and central auditory pathways.
Mixed deafness is caused by conductive and sensorineural abnormalities [1-4]. Sensorineural deafness is a congenital
disorder that can be caused by prenatal, natal, and postnatal factors [5]. Congenital deafness is a public health problem
in the world because of its high prevalence and negative effects on children development. The importance of early
diagnosis of congenital deafness to allow for early intervention. The golden period of brain development occurs in the
first thousand days of life, starting from the time of conception until the child is two years old. This period is a time of
brain development that runs very rapidly. Along with the maturity of the motor cortex, at the age of 2-3 months the
baby has started vocal (sounding). At the age of 10 months, children already know repetition of sounds makes babies
start to remember and shape them. At the age of 18 months, the child begins to increase his vocabulary every two hours.
Brain development in the two years of life develops very rapidly compared to the next year [6,7].
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It is difficult to detect deafness in infants, thus, the babies with deafness can be detected earlier so that speech, motor,
cognitive, and social interaction disorders can be minimized. Parents' complaints usually arise when a baby or child
does not respond to sound. Generally, parents complain that children cannot speak according to their developmental
stage, namely: 6 months old no babbling, 12 months old no pointing or no body gestures/gestures, 15 months old
vocabulary less than three words spoken, 18 months old not yet pronounce the words "ma- ma, da-da, or another name,
and at the age of 2 years the spoken vocabulary is less than 25 words [1,2,8,9]. There are several risk factors that can
affect the incidence of sensorineural deafness in children such as prenatal, natal and postnatal factors. Prenatal factors
can be caused by genetic disorders/disturbances during pregnancy, anatomical structural abnormalities, bacterial or
viral infections (TORCH), ototoxic and teratogenic drug effects. Natal factors are premature, low birth weight (<2500
grams), hyperbilirubinemia, and asphyxia. Postnatal factors occur due to bacterial or viral infections (rubella, measles,
parotitis, brain infection), middle ear bleeding, temporal bone trauma [2,8,10-12].

The World Health Organization (WHO) states that in Southeast Asia there are 38,000 children born with deafness each
year. In countries which no neonatal hearing screening programmes, the prevalence estimates vary from 19 per 1,000
babies to 24 per 1,000 babies in South Asia with congenital deafness. The prevalence of deafness in Indonesia is 4.2%
and congenital deafness is 0.1% for each live birth. Research in Surabaya found 68% of infants and children detected
sensorineural deafness but the risk factors were mostly unknown (82.23%) [2,5,13]. Registration book data of the ENT
Division Community Ear Nose Throat Head Neck Surgery (ENT-KL) at the Regional General Hospital dr. Zainoel Abidin
(RSUDZA) Banda Aceh was recorded from January 2018-December 2021, 267 children were examined for hearing
function in the form of OAE, BERA, and ASSR. 156 (58.42%) children with sensorineural deafness and 15 (5.61%)
children had a family history of having been deaf since birth. The amount of 18 (6.74%) children found their mothers
experiencing TORCH symptoms. According to the study by Beeck Calkoen et al, (2019) in the Amsterdam, Netherlands,
was found that genetic factors accounted for 50% of all cases of congenital sensorineural deafness, of which 70% were
non-syndromic and 30% were syndromic, while 25% were acquired factors, including infection during pregnancy
(TORCH). and other risk factors such as hypoxia at birth, hyperbilirubinemia, prematurity, and being treated in the
neonatal intensive care unit (NICU) for 5 days [14]. Research conducted by Juan C. Ospina (2019) in Colombia, the
etiology of congenital sensorineural deafness is often reported with unknown causes (37.7%), non-syndromic genetics
(29.2%), syndromic genetics (3.2%), prenatal (12%), perinatal (9.6%), and postnatal (8.2%) [15,16]. Based on the high
percentage of prenatal sensorineural deafness, the researchers felt it was important to know the relationship between
prenatal risk factors and sensorineural deafness in children at the ENT-Head and Neck Polyclinic at RSUDZA Banda
Aceh. It is expected that the results obtained in this study can be used as evaluation material, early diagnosis and
intervention in children sensorineural deafness with prenatal risk factors.

2. Material and methods

This was a retrospective analytic study with a cross-sectional design to determine the relationship between prenatal
risk factors and sensorineural deafness in children at the ENT- Head Polyclinic RSUDZA. The population is children
with hearing loss who seek treatment at the ENT-Head and Neck Polyclinic at RSUDZA Banda Aceh from January 2020
to December 2021. The samples in this study were the children under 5 years old and diagnosed with
sensorineural deafness included children diagnosed with sensorineural deafness after examining OAE, BERA and
ASSR, and willing to take part in the research by signing a consent letter. The sampling technique used was simple random
sampling technique. The data obtained was presented in the form of tables and graphs. Data were analyzed using
statistical product and service solutions (SPSS) software. Univariate analysis was used to describe the characteristics
of each research variable, and bivariate analysis was used to find the relationship between the two variables using the
Chi Square test. Fisher's exact test was used if the Chi Square was not required to find the relationship between two
variables of each risk factor and sensorineural deafness.

3. Results

Collecting research data on children who have been diagnosed with sensorineural deafness from January 2020 to
December 2021 included research criteria, obtained 47 samples. The characteristics of the research sample are
presented in table 1 below;
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Table 1 The Characteristics of Research Samples

Characteristics Frequency (n) Percentage (%)
Age Gender 3,44 +0,75

Boy 26 55.3
Girl 21 447
Birth Weight

1500-2500 gr 17 36.2
>2500-4000 gr 29 61.7
> 4000 gr 1 2.1
Father’s Occupation

Civil Cervant 8 17
private 24 51.1
Laborer/Farmer 14 19.8
Others 1 2.1

Pekerjaan ibu

Civil Cervant 8 17

Private 4 8.5

Laborer/Farmer 1 2.1

Housewife 34 72.3
Pendidikan ayah

Undergraduate 9 19.1
Diploma 6 12.8
Senior High School 24 51.1
Junior High School 6 12.8
Elemantary School 2 4.3

Pendidikan ibu Undergraduate 21 44.7
Diploma 4 8.5

Senior High School 17 36.2
Junior High School 5 10.6

Table 1. Presents data on the characteristics of the patients. The mean age of the study sample was 3.44 years with a
male predominance of 55.3%. Based on birth weight, 29 samples had normal birth weight, while there were 17 samples
with less birth weight and 1 sample with more birth weight. In terms of parents' occupation, 51.1% of fathers work in
the private sector and 72.3% of mothers are housewives. The father's education is mostly high school graduates with a
percentage of 51.1%, while the mother's degree is undergraduate which 44.7%.

Table 2 presents analysis data on the results of hearing function examinations in children with sensorineural deafness.
On the examination of BERA and ASSR, more severe degrees (61-80 dB) were found in the left ear with a percentage of
10.6% than in the right ear 6.4%. While very severe degrees (> 81 dB) were found more in the right ear with percentage
of 93.6% of the left ear 89.4%. There were 45 samples that were bilateral and 2 samples were unilateral.
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Table 2 The Results of Hearing function examinations in Children

Examinations | Right Ear | Left Ear
OAE, n (%)

Pass 0 0
Refer 47 (100) | 47 (100)
BERA, n (%)

61 -80dB 3(64) 5(10.6)
>81dB 44 (93.6) | 42 (89.4)
ASSR, n (%)

61-80dB 3(64) 5(10.6)
>81dB 44 (93.6) | 42 (89.4)

3.1. Risk Factors Family History of Hearing Loss

Table 3 Analysis of the relationship between risk factors family history of hearing loss and sensorineural deafness

Degree of Severity | Risk Factors Family History of Hearing Loss p- value*
(ADS)
Yes No
Severe 0(0) 5(10.6) 1.0
Very Severe 3(6.4) 39 (83)

*Fisher exact test

Based on Table 3, it is known that 3 samples (6.4%) with very severe degrees of sensorineural deafness are known to
have risk factors for a family history of hearing loss. Based on statistics, it can be concluded that there is no relationship
between risk factors family history of hearing loss and sensorineural deafness in both ears (p > 0.05).

3.2. Risk Factors History of Maternal Infection During Pregnancy

Table 4 Analysis of the relationship between risk factors history of maternal infection during pregnancy and right ear
sensorineural deafness

Degree of Severity (D) | Risk Factors History of Maternal Infection during Pregnancy | P-value*
Yes No

Severe 0 (0) 3 (6.34) 0.051

Very Severe 21(44.7) 23(48.9)

*Chi-Squared test

Table 4. Presents 21 samples with very severe sensorineural deafness of the right ear are known to have risk factors for
a history of maternal infection during pregnancy. Mothers are more infected during pregnancy Trimester (TM) Il and
[11. Statistically, it was concluded that there is no relationship between risk factors history of maternal infection during
pregnancy with right ear sensorineural deafness (p = 0.051).

Table 5. Presents 20 samples with very severe left ear sensorineural deafness were known to have a history of maternal
infection during pregnancy. Mothers are more infected during Trimester II and III pregnancies. Statistically using the
Chi-squared test it can be concluded that there is no relationship between risk factors history of maternal infection
during pregnancy on left ear sensorineural deafness (p = 0.051).
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Table 5 Analysis of the relationship between risk factors history of maternal infection during pregnancy and left ear
sensorineural deafness

Degree of Severity (S) | Risk Factors History of Maternal Infection during Pregnancy | P-value*
Yes No

Severe 1(2.13) 3 (6.38) 0.051

Very Severe 20 (42.46) 23 (48.9)

*Chi-Squared test

3.3. Risk Factors history of Diabetes Mellitus in The Mother During Pregnancy

Table 6 Analysis of the relationship between risk factors history of Diabetes Mellitus in the mother during pregnancy
against right ear sensorineural deafness

Degree of Severity (D) | Risk Factors History of Diabetes Mellitus in The Mother During Pregnancy | P-
value*
Yes No
Severe 0(0) 4 (8.5) 0.106
Very Severe 1(2.1) 42 (89.4)

*Fisher exact test

From The Table 6, can be seen that 1 sample with very severe sensorineural deafness of the right ear was born to
mothers who had a history of DM during pregnancy. Based on the results of statistical analysis, it is known that there is
no relationship between risk factors for a history of DM in the mother during pregnancy to right ear sensorineural
deafness (p> 0.05).

Table 7 Analysis of the relationship between risk factors history of Diabetes Mellitus in the mother during pregnancy
against left ear sensorineural deafness

Degree of Severity (S) | Risk Factors History of Diabetes Mellitus in The Mother During Pregnancy | P-
value*
Yes No
Severe 1(2.1) 4 (8.5) 0.106
Very Severe 0(0) 42 (89.4)

* Fisher exact test

In the Table 7, can be seen that 1 sample with severe sensorineural deafness in the left ear was born to mothers who
had a history of DM during pregnancy. Based on the results of statistical analysis, it is known that there is no relationship
between risk factors for a history of DM in the mother during pregnancy to left ear sensorineural deafness (p> 0.05).

3.4. Risk Factors history of Hypertension in The Mother During Pregnancy

Table 8 Analysis of the relationship between risk factors history of hypertension in the mother during pregnancy
against right ear sensorineural deafness

Degree of Severity (D) | Risk Factors history of Hypertension in The Mother During Pregnancy | P-value*
Yes No

Severe 0(0) 4 (8.5) 0.204

Very Severe 2 (4.3) 41 (87.2)

* Fisher exact test
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Table 8. Presents 2 samples with very severe sensorineural deafness of the right ear were born to mothers with a history
of hypertension during pregnancy. Based on the results of statistical analysis, it is known that there is no relationship
between risk factors for a history of hypertension in the mother during pregnancy with right ear sensorineural deafness
(p>0.05).

Table 9 Analysis of the relationship between risk factors history of hypertension in the mother during pregnancy
against left ear sensorineural deafness

Degree of Severity (S) | Risk Factors history of Hypertension in The Mother During Pregnancy | P- value*
Yes No

Severe 1(2.1) 4 (8.5) 0.204

Very Severe 1(2.1) 41 (87.2)

* Fisher exact test

Table 9 presents 1 sample with severe sensorineural deafness and 1 sample with very severe left ear sensorineural
deafness were born to mothers with a history of hypertension during pregnancy. Based on the results of statistical
analysis, it is known that there is no relationship between risk factors for a history of hypertension in the mother during
pregnancy with left ear sensorineural deafness (p> 0.05).

4. Discussion

In this study, the proportion of males was 55.3% and 44.7% for females. Based on the results of a study conducted by
Jauhari (2020), it was stated that the distribution of congenital sensorineural hearing loss based on gender was suffered
by 66.9% of men and 33.1% of women [17]. Yussy's (2011) study in Bandung also found the incidence of congenital
sensorineural hearing loss in boys were slightly taller than girls. This is in accordance with most European countries
that the incidence of congenital sensorineural hearing loss is more common in males than females [18]. A study by Peny
H et al (2021) in Semarang also found that men more suffer from congenital sensorineural deafness than women with
a percentage of 50.9% and 49.1% [19]. Research conducted by Steffi (2018) in Malang, 35 children with a history of
TORCH infection who had OAE and BERA examined at the neurotology polyclinic dr. Saiful Anwar, was found that the
number of patients who experienced sensorineural deafness due to a history of TORCH infection with a ratio between
men and women was 60:40. An epidemiological study of toxoplasmosis conducted by Muhaimeed, found that the male
population was more than female [20]. Male predominance acquired may be an incidental finding and it is not known
whether differences in ear anatomy or genetics between males and females [19]. There were 29 children with normal
birth weight, while 17 children with less birth weight. The results of a study by Bambang ES et al (2015) in Yogyakarta
found that low birth weight is at risk of developing sensorineural deafness, which can be detected by BERA examination.
More than 27% of infants with low birth weight have an increase in the latency and interval of the BERA which indicates
a peripheral or central hearing loss [21]. It was found that 3 samples (6.4%) with very severe sensorineural deafness
were known to have a family history of hearing loss. However, based on statistics it was concluded that there was no
relationship between a family history of suffering from deafness and sensorineural hearing loss (p> 0.05). This is in
accordance with the study of Korver et al (2017), a family history of permanent congenital sensorineural deafness is a
risk factor for sensorineural deafness in children, but the evidence of its relevance is low, because only 1.43% of children
with a positive family history of deafness [2].

A retrospective cohort study by Driscoll et al, 380,895 infants were reported with prevalence of a family history of
deafness approximately 1.09%. Mothers who have a family history of deafness are a significant factor in the occurrence
of deafness in children [22]. WHO states that 60% of deafness in children is caused by genetic factors. According to
Sutton and Rowe in (Driscoll, 2015) also assessed the degree of deafness based on the etiology, 38 children were found
to be deaf due to genetics, 23 children had a hearing threshold >70 dB and 15 children had a hearing threshold of 70
dB. The prevalence of family history of all congenital sensorineural hearing loss cases is 7.29%. Congenital deafness
from families with a positive history was identified at around 1.43% and postnatal deafness at 1.7% [23]. In the 2021,
The study of Al-Balas, a statistically significant relationship was found between family history and the results referred
to the first OAE. According to Shahid in (Al-Balas, 2021) also reported that the probability of an OAE referral in infants
with a family history of deafness is 11 times higher than the probability of infants without a family history [24]. The use
of ototoxic drugs in this study could not be analyzed because it was found that most of the mothers did not exist and did
not know that they had used ototoxic drugs during pregnancy. Deafness because this drug can be unilateral or bilateral
which initially affects high frequencies but can also affect all frequencies. Estimates of deafness and vestibular toxicity
due to administration of this drug are 13% and 10% [25]. According to JCIH 2007, exposure to ototoxic drugs
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(gentamicin and tobramycin) and loop diuretics (such as furosemide) poses a risk of deafness in childhood. Jeong et al
(2021), study in Korea also found that ototoxic drugs such as aminoglycosides, loop diuretics, and vancomycin were
significant risk factors for deafness in children [22].

Analysis of the relationship between history of maternal infection during pregnancy with sensorineural deafness in this
study found that 21 children (44.7%) had very severe sensorineural deafness in the right ear and 20 children (42.46%)
with very severe sensorineural deafness in the left ear were known having a history of maternal infection during
pregnancy. Mothers are more infected during Trimester II and III pregnancies. Statistically using the Chi- squared test
it can be concluded that there is no relationship between a history of maternal infection during pregnancy and
sensorineural hearing loss. Very severe sensorineural deafness was obtained from mothers infected with TORCH during
Trimester | pregnancy. Meanwhile, in this study, mothers were infected during Trimester Il and III pregnancies. The
prevalence of less than 2% of babies born from infected mothers in Trimester II pregnancy will have severe
abnormalities. This study is in accordance with Jeong's research which states that sensorineural deafness has
asymptomatic symptoms with a very low number of newborns who have congenital infections and mothers who have
a history of prenatal infections. This happens because it is difficult to identify patients with congenital infection during
the neonatal period and 1 year after birth, so it still requires more precise research with a larger population [22]. In this
study, there was also no significant relationship because most mothers were infected after Trimester I pregnancy so
that The prevalence for congenital sensorineural hearing loss is very small among children in this population.

Analysis the relationship between history of Diabetes Mellitus in mothers during pregnancy in the study found 1 sample
with very severe sensorineural deafness in the right ear and 1 sample with severe sensorineural deafness in the left ear
born from mothers with a history of Diabetes Mellitus during pregnancy. Based on the results of statistical analysis, it
is known that there is no relationship between a history of Diabetes Mellitus and sensorineural hearing loss in both
ears. This is due to the low level of glucose in the blood and the short term hyperglycemia, so that the microangiopathy
that occurs is not severe and the sensorineural hearing loss that occurs in children is low. However, this study is not in
accordance with several other studies, which show a significant relationship between mothers with a history of Diabetes
Mellitus during pregnancy and sensorineural deafness in children. According to research in the United States
(Fortunata, 2020) shows that there is a relationship between gestational diabetes and congenital deafness, especially
the sensorineural and bilateral types. The inner ear has complex metabolic activities and is sensitive to changes in the
body's homeostasis. Changes in blood sugar and insulin levels in the blood can cause deafness and vestibular disorders
[5]. The study of Vernier (2019) aimed to investigate the results of Neonatal Hearing Screening (NHS) of newborns
whose mothers had diabetes mellitus during pregnancy. The findings of this study are evidence of sensorineural hearing
loss in newborns whose mothers have diabetes in pregnancy as assessed from the pathophysiology of the disease [26].
Maia (2005) described atrophy of the spiral ganglion associated with loss of cochlear basal cells causing a decrease in
the number of nerve fibers in the lamina spiralis. Loss of cells in the basal conduits of the cochlea can cause high-
frequency deafness. The inner ear is vulnerable to metabolic and circulatory stress. Gestational diabetes can cause
hearing loss degree similar to Diabetes Mellitus. However, deafness related to gestational diabetes is still a matter of
debate [27,28].

In this study, the analysis of the relationship between the history of hypertension in the mother during pregnancy
consisted of 2 samples (4.3%) with very severe sensorineural deafness of the right ear, 1 sample (2.1%) of severe
sensorineural deafness of the left ear and 1 sample (2.1% ) very severe left ear sensorineural deafness born to a mother
with a history of hypertension during pregnancy. Based on the results of statistical analysis, there is no relationship
between a history of hypertension and sensorineural hearing loss in both ears. This is due to blood pressure that is not
too high so that there is little blood vessel damage which causes hypoxic conditions in the fetus in the womb, especially
hypoxia to the hearing organs (cochlear nucleus hypoxia, cochlear nerve hypoxia, or direct cochlear organ damage).
Accordance with research by Nanin et al (2019), a significant relationship between maternal blood pressure and
congenital deafness occurs in mothers with an average systolic blood pressure of 156 mmhg and a diastolic blood
pressure of 103.7 mmhg [29]. This study is also according to Altuntas and Ozdemir in (Hanege, 2017) who reported no
significant difference in outcome between hypertensive pregnancy and normal blood pressure with hearing loss. In a
clinical survey of 512 mothers with pre-eclampsia, only one child had sensorineural hearing loss which was associated
with several other factors, such as prematurity, fetal distress, birth asphyxia, and heredity. In Hanege's own study, it
was found that there was no statistically significant difference in hearing tests performed on infants with pre-eclamptic
mothers who were born after 35 weeks of gestation and babies born from healthy mothers [29]. In a study, pregnancy-
induced hypertension caused sensorineural hearing loss in newborns. The study conducted by Tabrizi (2016), a
statistically significant difference was found between babies whose mothers had pre-eclampsia and babies with normal
mothers [30]. Research conducted by Alan (2021), reported 146 babies with pre-eclampsia mothers, 71 babies with
chronic hypertension mothers, 10 babies with eclampsia mothers, and 227 babies with healthy mothers as the control
group. There was a significant difference between pre-eclampsia and controls only on the BERA test. There was no
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significant difference from the other groups on the BERA test [31]. This is consistent with this study which is no
relationship with sensorineural deafness in hypertensive mothers and these risk factors must be looked for in more
detail. In a study on the concept validity stated that pregnancy-induced hypertension (preeclampsia or toxaemia of
pregnancy) can cause sensorineural hearing loss in children examined.

5. Conclusion

The most frequent prenatal risk factors were maternal infection during pregnancy (44.7%), family suffering from
hearing loss (6.4%), hypertension in the mother during pregnancy (4.3%) and Diabetes Mellitus in the mother during
pregnancy (2, 1%). The most severe degree of sensorineural deafness was (93.6%) in the right ear and (89.4%) in
the left ear. Thus, There is no relationship between prenatal risk factors (hearing loss in the family, maternal
infection during pregnancy, use of ototoxic drugs by the mother during pregnancy, DM in the mother during
pregnancy, hypertension in the mother during pregnancy) and the incident of sensorineural deafness.
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