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Abstract Objective: The aim of the present study was to examine the 
relationship between the results of the transient otoacoustic 
emission (TEOAE) test used in neonatal hearing screening 
and the results of the umbilical cord blood (UCB) analysis 
in neonates.

Methods: This retrospective study included 209 neonates 
born in the obstetric unit at the 37th gestational week. Based 
on the results of the TEOAE test, the neonates included in 
the study were divided into two groups as the study group 
composed of those “REFER” (n=141) and the control group 
consisting those “PASS” (n=68) the test. The UCB samp-
ling procedure was performed on all neonates. In the blood 
samples, the pH parameters were evaluated by using glass 
electrodes, and the pCO2 and pO2 parameters were evalua-
ted directly by using sensitive electrodes.

Results: When the additional maternal diseases were 
compared with the TEOAE results, the ratio of hypoth-

yroidism was found to be statistically higher in the study 
group (p<0.05). In terms of the pO2, pCO2, HCO3, and pH 
values obtained as a result of analyzing the UCB samples, 
there was no statistically significant difference between the 
groups (p>0.05).

Conclusion: The results of the present study showed that 
there was no statistically significant difference between the 
results of UCB analysis and the TEOAE test. However, we 
believe that conducting a larger study evaluating other pa-
rameters and employing UCB analysis would be useful, and 
UCB evaluation, which is an inexpensive, easy and effective 
method in determining hypoxia in neonates, might be a sig-
nificant marker in cases at risk of hearing loss. 
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acoustic emission

Introduction
The prevalence of congenital sensorineural hear-
ing loss (SNHL) is 0.5-5/1000 in neonates. This 
rate is higher in developing countries (1). Thus, 
SNHL is one of the most common congenital 
neurological birth defects (2). Congenital hearing 
loss negatively impacts the physical and social de-
velopment of affected children; therefore, it is an 
economic burden on health-care. For this reason, 
it is important to diagnose hearing loss in neonates 
as soon as possible. In Turkey, neonatal hearing 
screening was first performed by Hacettepe Uni-
versity and Marmara University. Since 2000, it 
has been widely used (3). Hearing screening starts 
with the transient otoacoustic emission (TEOAE) 
test, performed during the first 2-3 days of life, and 
all newborns are also analyzed for audiological risk 
factors (4, 5).

Umbilical cord gas analysis yields important infor-
mation on well being during the peripartum period 
and then the neurological development afterwards. 
Today, umbilical cord gas analysis is suggested in 
high-risk pregnancies and in all deliveries at some 
centers (6). In early treatment approaches, evalua-
tion of umbilical artery and vein blood gas analysis 
together with Apgar scoring has gained importance. 
Umbilical cord blood (UCB) obtained during deliv-
ery has long been known to be an objective indica-
tor of the fetal acid-base balance (7). 

In 1958, James et al. (8) found that UCB gas could 
be an indication of preceding fetal hypoxic stress. 
There are many causes of hearing loss including 
genetic, vascular injury, trauma, infections, or au-
toimmune response. All these factors could affect 
cochlear microcirculation by causing hypoxia and 
damage in cochlear hair cells and neurons. Despite 



few data available at present, hypoxia could underlie the etiology 
of deafness (9). Mwaniki et al. (10) reported that hypoxia could 
lead to hearing loss in newborns.

Most of the studies reporting the results of neonatal hearing 
screenings examine the demographic characteristics, clinical 
features, and various genetic risk factors. Our literature review 
did not reveal any study comparing the results of neonatal hear-
ing screening and UCB. The aim of the present study was to 
assess the relationship between the results of UCB analysis and 
the transient otoacoustic emission (TEOAE) test for hearing 
screening in neonates.

Methods

Study group and design
This retrospective case-controlled study was conducted at 
Cumhuriyet University Hospital between January 2014 and 
September 2015. All the patients were informed about the 
TEOAE test and examination process, and informed consent 
was obtained from the parents of the participants. This study 
included 209 neonates born in the obstetric unit at the 37th 
week of gestation. Based on the results of the TEOAE test, 
the newborns included in the study were classified into two 
groups as the study group including those “REFER” (n=141) 
and the control group including those “PASS” (n=68) the test. 
Since the cases, whose all data examined can be accessed, were 
included in the study, the study group consisted of more cases 
than the control group. Under normal conditions, the number 
of cases passed from the TEOAE test was considerably higher 
than the cases failing the test. 

Congenital malformation, maternal clinical infection, and the 
presence of chorioamnionitis were determined as the exclusion 
criteria.

All the subjects in the study underwent a detailed ear, nose, and 
throat examination by the same investigator (KD). In our clinic, 
TEOAE tests are routinely applied to all the neonates within 
24-48 hours after birth. In order to ensure that the test results 
were not affected by conditions such as wax or occlusion/ob-
struction/collapse of the external auditory canal, an otoscopic 
examination was carried out prior to testing. Then the TEO-
AE test was performed in all cases. The screening procedure was 
conducted at a sound-treated room or in a quiet room close to 
the department. A commercial device (Maico, ERO Scan An-
alyzer, GmbH Salzufer, 13/14, 10587, Berlin GE) was used in 
TEAOE testing and analysis. 

Disposable ear tips were used to cover the probe and seal them 
snugly in the ear canal during testing. When the test was com-
pleted, the results displayed on the screen as “PASS” when there 
was a TEOAE response and “REFER” when there was no re-
sponse to a stimulus. When a “REFER” result was obtained, the 
screening test was repeated. The infants who failed TEOAE 
test were screened once again with otoacoustic emissions and 
were examined by means of auditory brainstem response (ABR) 

method. The 3-month-old infants failed from TEOAE test for 
the second time were excluded from this study.

All the neonates included in the study were evaluated in terms 
of maternal age, gravidity, and parity as well as sociodemograph-
ic data such as delivery method, maternal chronic hypertension, 
type 2 diabetes mellitus, the presence of hypothyroidism and 
preeclampsia, intrauterine growth retardation, oligohydramnios, 
polyhydramnios, and macrosomia.

At our instution, obtaining UCB samples is a routine procedure. 
Similarly, by using the same method, blood samples were tak-
en from all of the 209 neonates included in the present study. 
When the cord of the baby was clamped, the UCB sampling 
procedure was performed. UCB was collected by two doctors 
(CY, AC) who had equal ability and experience in UCB sam-
pling. Approximately 10 cm of the umbilical cord was clamped 
and the blood sample was collected by using heparinized blood 
syringes. The blood gas analysis was performed by using the 
same device (Radiometer ABL 800 basic, Copenhagen, Den-
mark) in 15 minutes at the latest. In the blood samples, the pH 
parameter was evaluated by using glass electrode and pCO2 and 
pO2 parameters while CO2 and O2 were evaluated directly by 
using sensitive electrodes. HCO3 was calculated based on the 
Hasselbach equation (11). 

The Human Ethics Committee of Cumhuriyet University 
approved this study in accordance with the Declaration of 
Helsinki.

Statistical analysis
The data were analyzed by using the Statistical Package for 
the Social Sciences 22.0 for (IBM Corp.; Armonk, NY, USA). 
Descriptive statistics were calculated in order to understand 
the data set (average, standard deviation, min-max, etc.) in the 
study. Data normality of the variables was verified by using the 
Kolmogorov-Smirnov test, and it was understood that para-
metric tests were suitable for the results. Thus, an indepen-
dent samples t-test was used for continuous data. Differences 
between categorical variables were analyzed by using the chi-
square test. A p-value of less than 0.05 was considered statis-
tically significant. 

Results
In the present retrospective case-controlled study, a total of 209 
(n=112, 53% female; n=97, 47% male) neonates were enrolled. 
While the study group consisted of 141 (n=76, 54% female; 
n=65, 46% male) neonates, the control group consisted of 68 
(n=36, 53% female; n=32, 53% male) neonates. The groups were 
similar in terms of age and gender (p>0.005) 

When the groups were compared in terms of maternal age, gra-
vidity, and parity, there was no statistically significant difference 
between the groups and the groups were homogenous (p>0.005).

Table 1 shows the delivery methods, additional maternal dis-
eases, and pregnancy complications of the cases. When the ad-
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ditional maternal diseases and TEOAE results were compared, 
hypothyroidism was found to be statistically significantly higher 
in the study group (p<0.05).

There was no difference between the groups in terms of delivery 
methods and pregnancy complications (p<0.05).

Table 2 shows the results of the UCB sample analysis of the 
neonates included in the study. There was no statistically sig-
nificant difference between the groups in terms of the pO2, 
pCO2, HCO3, and pH values obtained in UCB sample analyses 
(p>0.05) (Figure 1, 2).

Discussion
The aim of this study was to examine whether or not there was 
a relationship between the results of the TEOAE test and UCB 
analysis used in hearing screening in newborns. The results of 
the present study showed that there was no statistical difference 
between the results of UCB analysis and the TEOAE test in the 
study group and the control group.

Apgar scoring is a classical method used to rapidly evaluate the 
clinical status of a newborn (12). Although it has been used for 
years, it is known that Apgar scoring alone is not a sufficient 
parameter in identifying asphyxia in newborns. In addition to 
all the novel methods, evaluation of umbilical cord gases, Ap-
gar score, seizure, and multiorgan status is still the most fre-
quently used method (12). UCB analysis used in evaluating the 
acid-base status of a newborn has started to be used widely in 
recent years (12). 

Premature birth (gestational age ≤34 weeks), children from hear-
ing-impaired families, neurological disorders, low birth weight 
(<1500 g), TORCH infections, hyperbilirubinemia, craniofacial 

Figure 1. Cord blood gas pH values of those who “PASS” and 
“REFER” the TEOAE test
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Figure 2. Cord blood gas pO2 values of those who “PASS” and 
“REFER” the TEOAE test 
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Table 1. Delivery method, additional maternal diseases, and 
pregnancy complications

	 Study group 	 Control group 
Variable	 (n=141) 	 (n=68)	 p

Delivery method			   0.430

Vaginal	 27 (73.0%)	 10 (27.0%)	

C-section	 114 (66.3%)	 58 (33.7%)	

Additional maternal diseases			   0.192

Hypertension	 7 (5.5%)	 4 (6.0%)	 0.366

Diabetes mellitus	 12 (9.4 %)	 9 (13.4%)	 0.513

Preeclampsia	 8 (6.3%)	 8 (11.9%)	 1.000

Hypothyroidism	 11 (8.6%)	 1 (1.5%)	 0.004

Pregnancy complication			   0.230

IUGR	 9 (6.9%)	 4 (6.0%)	 0.166

Oligohydramnios	 10 (7.7%)	 8 (11.9%)	 0.637

Polyhydramnios	 5 (3.8%)	 0	 -

Macrosomia  	 5 (3.8%)	 1 (1.5%)	 0.102
IUGR: intrauterine growth retardation; C-section: cesarean section

Table 2. Results of UCB sample analysis of neonates according to the 
TEOAE test

	 Study group 	 Control group 
	 (n=141) 	 (n=68)	  
Variable	 Mean±SD	 Mean±SD	 p

pO2	 29.9±7.8	 29.0±7.2	 0.605

pCO2	 37.15±4.84	 37.95±5.43	 0.295

HCO3	 20.8±2.1	 20.8±2.6	 0.896

pH	 7.37±0.030	 7.36±0.027	 0.089
pO2: pressure of oxygen; pCO2: pressure of carbon dioxide; HCO3: bicarbonate
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anomalies, syndromes known to be associated with hearing loss, 
and severe birth asphyxia (Apgar score <7 at five minutes) are 
among the risk factors of hearing loss in neonates (13). It has 
been long known that hypoxia may have a role in the etiology of 
hearing loss in neonates. 

In our review of the literature, the first one we encountered was 
the study by Höing (14), in which the histopathological changes 
in the temporal bones of fetuses who died of chronic asphyxia 
were shown for the first time. Sohmer et al. (15) reported in 
1994 that there could be a relationship between intrauterine hy-
poxia and hearing loss in neonates.

In an animal study, Sohmer and Freeman (16) examined the 
hypothesis that fetal sensorineural hearing loss is due to oxygen 
loss, and their results supported the hypothesis that fetal hypox-
ia could lead to hearing loss. In a 1995 study on the functional 
development of auditory sensitivity in the fetus and neonate, 
Sohmer and Freeman (17) pointed out that a fetus has less ox-
ygen than a newborn during the intrauterine period. This could 
lead to hypoxia-induced hearing loss, and the increased oxygen 
content upon birth and transition from placenta to pulmonary 
oxygenation could enhance auditory sensitivity. 

Whether or not there is a relationship between hypoxia and 
hearing disturbances has been a matter of concern. The relation-
ship between hypoxia and the alteration of the ABR in fetuses 
has not been clearly known yet. Nishioka et al. (18) examined 
the influence of hypoxia on the fetal auditory system by ana-
lyzing the changes of the ABR, the middle latency response 
(MLR), and other physiological parameters of fetal goats during 
extrauterine incubation. A goat fetus can be incubated via an 
extrauterine incubation system by employing arteriovenous ex-
tracorporeal membrane oxygenation in an artificial womb for 
three weeks (19). Nishioka et al. (18) observed an elongation of 
latency and decrease in the amplitude of the ABR and MLR 
waves during hypoxia in fetal goats, which suggested that hy-
poxia itself affects the auditory system of the fetus.

In adults, hypoxia may frequently lead to damage in the brain 
but not in the inner ear. Damage in the inner ear is observed 
in neonates who have hypoxia with inadequate blood supply 
to inner ear and this may lead to hearing loss and equilibri-
um disorders. Asphyxiated neonates may have sensorineural 
hearing impairment at high frequencies (20). Damage to the 
central nervous system in neonates can be caused by anoxia 
and hypoxia (21, 22). However, the influence of neonatal as-
phyxia on the inner ear of the neonate has been reported only 
by a limited number of authors (23). Koyama et al. (20) have 
shown that hypoxia and asphyxia may affect the inner ear and 
balance in neonates.

Conclusion 
Consequently, the above-mentioned studies have emphasized 
that there could be a relationship between hypoxia and hearing 
loss. The aim of this study was to show the relationship between 
hypoxia and hearing loss by comparing the results of UCB anal-

ysis, regarded as an important marker of intrauterine and birth 
hypoxia, and the results of the TEOAE test. However, in the 
present study, the results obtained in UCB analysis showed that 
there was no statistically significant difference between pO2, 
pCO2, HCO3, and pH values of those who “PASS” and “RE-
FER” the TEOAE test. We believe that it would be beneficial to 
conduct a study evaluating other parameters employed in UCB 
analysis and including larger series. Because UCB analysis is a 
cost-effective, easy, and effective method in determining hypoxia 
in neonates, which could be an important indicator in newborns 
who are at risk of hearing loss.
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