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Introduction

It has long been recognized that

unidentified hearing loss at birth

can adversely affect speech and

language development as well as

academic achievement and social-

emotional development. In its

1994 position statement, the Joint

Committee on Infant Hearing

(JCIH) emphasized the need for

universal hearing screening

instead of risk factor screening,

because risk factor screening iden-

tifies only 50% of children with

significant hearing loss.1

Nevertheless, the continued use

of risk indicators for hearing loss

remains relevant, not only to

underline the need for adequate

management of influenceable risk

factors, but also to help identify

infants who pass the neonatal

screening but are at risk of de -

veloping delayed-onset hearing

loss, and infants who may have

passed neonatal screening but

have mild forms of permanent

hearing loss.2

Congenital severe bilateral sen-

sorineural hearing loss (SNHL) is

diagnosed in 1 to 1.4 per 1,000

neonates.3-5 However, in neonatal

intensive care unit (NICU)

neonates, significant (> 40 dBHL)

bilateral hearing loss is found in

2–4%6-8, indicating that NICU

neonates are at a much higher risk

of having SNHL. Therefore, the

objective of this study was to

determine the prevalence and sig-

nificance of traditional risk factors

associated with SNHL in a NICU

population.

Materials and methods

Our study population consisted of

615 neonates who attended the

NICU of the University Hospital

in Leuven between January 2005

and December 2007. All of the

infants had at least one identifi-

able risk factor associated with

SNHL according to the list of risk

factors proposed by the 1994

JCIH position statement1 and

Prevalence of risk factors for sensorineural hearing loss in NICU newborns

K. Speleman1, K. Kneepkens2, K. Vandendriessche2, F. Debruyne1 and C. Desloovere1

1Department of Otorhinolaryngology, Head and Neck Surgery, University Hospitals Leuven, Belgium; 2Department of
Logopedics and Audiology, Catholic University of Leuven, Belgium

Key-words. Sensorineural hearing loss; neonatal intensive care unit; risk factor

Abstract. Prevalence of risk factors for sensorineural hearing loss in NICU newborns. Objectives: The aim of this study
was to determine the prevalence and significance of traditional risk factors associated with sensorineural hearing loss
(SNHL) in a population of 615 neonates who attended the neonatal intensive care unit (NICU) of the University Hospital
in Leuven, Belgium between January 2005 and December 2007.
Methodology: Auditory brainstem response (ABR) audiometry using 40 dB stimuli was performed in all 615 neonates.
A retrospective medical database analysis was performed to evaluate the influence of 14 predetermined risk factors. The
evaluated risk factors were ototoxic medication, hyperbilirubinemia, in utero infections (including CMV, rubella,
syphilis, herpes, and toxoplasmosis), craniofacial anomalies, syndromes associated with SNHL, low birth weight
(< 1,500 g), low Apgar score, mechanical ventilation lasting for 5 days or longer, bacterial meningitis, family history of
hereditary childhood SNHL, endocranial hemorrhage, hypoxic ischemic encephalopathy, convulsions, and sepsis
Results: Uni- or bilateral hearing impairment was diagnosed in 25 out of 615 neonates (4.1%). In utero infections
 (especially CMV), craniofacial anomalies, and syndromes known to include SNHL were significant risk factors. For the
remaining risk factors, no significant correlation with SNHL was found.
Conclusions: In this study, only in utero infections (especially CMV), craniofacial anomalies, and syndromes known to
include SNHL were significant risk factors associated with SNHL. Adequate management of hyperbilirubinemia and
ototoxic drug administration may eliminate some of the major historical risk factors associated with SNHL in NICU
neonates.

Presented at the Spring Meeting of the Royal Belgian Society for Ear, Nose and Throat, Head and Neck Surgery, Brussels, Belgium,
March 20, 2010.
Winner of the Lecturer’s Award in Otology-Audiology 2010.

01-speleman-_Opmaak 1  5/03/12  08:30  Pagina 1



2 K. Speleman et al.

underwent  hearing  screening  be -

fore  hospital  discharge.  All  neo -

nates without identifiable risk fac-

tors  joined  the  outpatient  hearing

screening  program  after  hospital

discharge.

Because NICU neonates  are  at

higher risk of having neural hear-

ing  loss,6-8 according  to  the  2007

JCIH  position  statement,2 all  615

neonates  were  screened  using

auditory  brainstem  response

(ABR)  audiometry.  The  Madsen

ERA  2260  evoked  response

audiometer  (GN Otometrics A/S,

Taastrup, Denmark) was used  for

all  neonates. As  recommended,  a

40 dB stimulus was used, because

40 dB stimuli provides the optimal

proportion  between  sensitivity

(98%)  and  specificity  (96%).9 A

normal wave pattern at 40 dB was

the  standard  for  passing  the

screening.  Neonates  who  did  not

pass  the  first  screening  were

reevaluated within the first month

after birth. We would like to point

out  that  in  the  outpatient  hearing

screening  program  in  Flanders,  a

35 dB stimulus is used. However,

given  the  higher  number  of  false

positives  when  using  a  35 dB

stimulus,  in  this  study  a  40 dB

stimulus was preferred.

A  retrospective  medical  data-

base  analysis  was  performed  to

evaluate the prevalence and influ-

ence of 14 predetermined risk fac-

tors. The first ten risk factors were

based on the risk factors proposed

by  the  1994  JCIH  position  state-

ment  and  include  the  administra-

tion  of  ototoxic  medication,

hyperbilirubinemia, in utero infec-

tions  (including  CMV,  rubella,

syphilis, herpes, and  toxoplasmo-

sis),  craniofacial  anomalies,  stig-

mata  or  other  findings  associated

with a syndrome known to include

sensorineural  hearing  loss,  low

birth  weight  (< 1,500 g),  low

Apgar  score,  mechanical  ventila-

tion  lasting  for  ≥ 5 d,  bacterial

meningitis, and a family history of

hereditary  childhood  sensorineur-

al hearing loss1 (Table 1). We also

evaluated four additional risk fac-

tors for which we found evidence

in  previously  published  papers:6,7

Endocranial hemorrhage, hypoxic

ischemic encephalopathy, convul-

sions, and sepsis.

All of  the data were  registered

in  a  central  database.  SPSS  was

used  for  the  statistical  analyses.

Univariate  analyses  (Pearsons’s

chi-square test) were performed to

evaluate  the  significance  of  each

risk factor.

Results

On first screening, 545 out of 615

neonates passed the ABR test and

70  out  of  615  neonates  were

referred  for  a  uni-  or  bilateral

reevaluation.  After  reevaluation,

45 out of  these 70 neonates were

considered to have normal hearing

and  25  neonates  were  diagnosed

with  SNHL  (Figure  1).  Bilateral

SNHL was  diagnosed  in  ten  and

unilateral  SNHL  in  15  out  of  25

neonates.

Thirty-three  out  of  the  45

neonates  who  failed  the  first

screening  but were  considered  to

have normal hearing after reevalu-

ation immediately passed the sec-

ond ABR screening. Otitis media

with  effusion  (OME)  was  diag-

nosed  in  11  out  of  45  neonates,

based  on  otoscopy,  high-frequen-

cy tympanometry (1,000 Hz), and

confirmation  of  diagnosis  after

paracentesis.  ABR  audiometry

results  normalized  after  place-

ment of transtympanic ventilation

tubes. Microtia was  diagnosed  in

one  neonate.  This  neonate  was

assumed to have a purely conduc-

tive  hearing  loss.  Because  we

wanted  to  evaluate  SNHL,  this

neonate  was  considered  to  have

normal hearing, despite the severe

hearing loss (CHL).

Ultimately,  SNHL  was  diag-

nosed  in  25  out  of  615  neonates

(4.1%).  The  presence  of  middle

ear  pathology  was  excluded  by

otoscopy and high-frequency tym-

panometry  (1,000 Hz).  Of  these

25 neonates, a syndrome known to

include  SNHL  was  diagnosed  in

seven,  a  congenital  CMV  infec-

tion was diagnosed in four, osteo-

genesis imperfecta was diagnosed

in  one,  and  autosomal  dominant

inherited  genetic  nonsyndromic

hearing loss was suspected in one

neonate. No  identifiable  cause  of

Table 1

Indicators associated with sensorineural and/or conductive hearing loss
according to the 1994 JCIH position statement1

1. Family history of hereditary childhood SNHL
2. In utero infections, such as CMV, rubella, syphilis, herpes, and toxoplasmosis
3. Craniofacial anomalies,  including  those with morphological abnormailties of
the pinna and ear canal

4. Birth weight <1,500 g
5. Hyperbilirubinemia at a serum level requiring exchange transfusion
6. Ototoxic medications, including but not limited to the aminoglycosides, used
in multiple courses or in combination with loop diuretics

7. Bacterial meningitis
8. Apgar scores of 0-4 at 1 min or 0-6 at 5 min
9. Mechanical ventilation lasting ≥ 5 d 
10. Stigmata or other findings associated with a syndrome known to include SNHL

and/or CHL
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hearing loss was found for the

remaining 12 neonates.

The most prevalent risk factors

in the entire study population were

the administration of ototoxic

medication and hyperbilirubine-

mia, followed by mechanical ven-

tilation lasting for ≥ 5 d and a birth

weight of less than 1,500 g

(Figure 2).

Ototoxic medication was

administered to 354 out of 615

neonates (57.6%). The most fre-

quently administered ototoxic

drug in the study population was

amikacin. It was administered to

345 out of the 354 neonates who

received ototoxic medication.

Three hundred and forty out of

590 neonates with normal hearing

(57.6%) and 14 out of 25 neonates

with SNHL (56.0%) were treated

with ototoxic medication. We did

not find a significant difference in

the administration of ototoxic

medication between the group of

neonates with normal hearing and

the group of neonates with SNHL

(p = 0.872). Further analysis of the

mean amikacin valley levels and

treatment duration revealed a

mean valley level of < 5 mg/ml in

73.3% of neonates treated with

amikacin. In 76.8% of neonates

treated with amikacin, the treat-

ment duration was < 7 d. No cor-

relation with SNHL was found for

amikacin valley levels and dura-

tion of treatment with amikacin.

Hyperbilirubinemia was found

in 363 out of 615 neonates (59.0%);

351 of these were  neonates with

normal hearing (59.5%) and 12 had

SNHL (48.0%). Pearsons’s chi-

square test revealed no significant

difference in the prevalence of

hyperbilirubinemia between the

group of neonates with normal

hearing and the group of neonates

with SNHL (p = 0.252). The mean

peak concentration level of uncon-

jugated bilirubin in the entire

 population of neonates with

hyperbilirubinemia was 11.18 ±

3.14 mg/dl. In the group of

neonates with normal hearing, the

mean peak concentration of un -

conjugated bilirubin was 11.15 ±

3.08 mg/dl, and in the group

of neonates with SNHL it was

12.19 ± 4.85 mg/dl. A mean peak

concentration of unconjugated

bilirubin <10 mg/dl was measured

in 115 out of 363 neonates diag-

nosed with hyperbilirubinemia

(31.7%); the peak concentration

was between 10 and 20 mg/dl in

243 out of 363 neonates (66,9%),

and a peak concentration of

> 20 mg/dl was found in only five

neonates (1.4%). Pearsons’s chi-

square test and an independent

sample t-test did not reveal a

 significant correlation between the

mean peak concentration of un -

conjugated bilirubin and SNHL.

Mechanical ventilation lasting

for ≥ 5 d was required for 201 out

of 615 neonates (32.7%), 194 of

these were neonates with normal

hearing (32.9%) and seven were

neonates with SNHL (28.0%).

No significant correlation was

found between mechanical venti-

lation lasting for ≥ 5 d and SNHL

(p = 0.874).

The mean birth weight of the

total population was 2,107 ± 781 g.

There was no significant differ-

ence between the mean birth

weight in the group of normal-

hearing neonates (2,104 ± 780 g)

and the group of neonates with

SNHL (2,189 ± 815 g) (p = 0.534).

Out of 615 neonates, 149 (24.2%)

had a birth weight of < 1,500 g. In

the group of neonates with normal

hearing, 143 out of 590 (24.2%)

had a birth weight of < 1,500 g,

compared to six out 25 neonates

with SNHL (24.0%). Pearsons’s

chi-square test revealed no sig -

nificant difference in the preva-

lence of a birth weight of

< 1,500 g between the two groups

(p = 0.978).

For three out of 14 evaluated

risk factors, a significant correla-

tion with SNHL was found. These

Figure 1
Overview of results of ABR screening in a NICU population
of 615 neonates. NH, normal hearing; SNHL, sensorineural
hearing loss.
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risk factors were in utero infec-

tions, craniofacial anomalies, and

syndromes known to include

SNHL (Figure 2).

In utero infections were diag-

nosed in 31 out of 615 neonates:

26 out of 590 neonates with normal

hearing and five out of 25 neonates

with SNHL. Statistical analysis

using Pearsons’s chi-square test

showed a significantly higher

prevalence of in utero infections

in the group of neonates with

SNHL (p < 0.001). In 23 out of 31

neonates with an in utero infec-

tion, a congenital cytomegalic

virus (CMV) infection was diag-

nosed. Diagnosis was based on a

positive cell culture assay carried

out on urine samples that were

collected within the first week of

life. Nineteen out of 590 neonates

with normal hearing (3.2%) were

diagnosed with congenital CMV

infection, compared to four out of

25 neonates with SNHL (16.0%);

there was thus a statistically sig-

nificant correlation between con-

genital CMV infection and sen-

sorineural hearing loss (p < 0.001).

Other in utero infections were tox-

oplasmosis (n = 4), rubella (n = 1),

herpes simplex virus (n = 2), and

syphilis (n = 1).

Craniofacial anomalies (in -

cluding dysmorphism and cleft lip

and/or palate) were found in 26

out of 615 neonates (4.2%), of

which 21 had normal hearing

(3.6%) and five had SNHL (20%);

thus, there was a significant corre-

lation between craniofacial anom-

alies and SNHL (p < 0.001).

A syndrome known to include

SNHL was diagnosed in 23 out of

615 neonates (3,7%). Sixteen out

of 590 neonates with normal hear-

ing were diagnosed with a syn-

drome known to include SNHL

(2.7%), compared to seven out of

25 neonates with SNHL (28.0%);

thus, there was a significant corre-

lation between the diagnosis of

a syndrome known to include

SNHL and SNHL (p < 0.001).

No statistically significant cor-

relation was found for the re -

maining three risk factors pro-

posed by the 1994 JCIH position

statement (low Apgar score, bac-

terial meningitis, and a family

history  of hereditary childhood

SNHL) or the additional four

risk factors analyzed (endocranial

hemorrhage, hypoxic ischemic

encephalopathy, convulsions, and

sepsis).

Discussion

SNHL was diagnosed in 25 out of

615 neonates (4.1%) in this popu-

lation of NICU neonates; this

result is in accordance with previ-

ously published data.6-8 The most

prevalent risk factors in the entire

study population were the admin-

istration of ototoxic medication

Figure 2
Graph showing the prevalence of the 14 evaluated risk factors in neonates with a normal hearing (NH) and neonates
with sensorineural hearing loss (SNHL).
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and hyperbilirubinemia, followed

by mechanical ventilation lasting

for ≥ 5 d and a birth weight of

< 1,500 g (Figure 2). For the most

prevalent risk factors, no signifi-

cant correlation with sensori -

neural hearing loss was found.

Administration of ototoxic medi -

cation has been demonstrated to

be a risk factor for SNHL by

several  authors in the past.10-13 In

our study 57.6% of neonates were

treated with potentially ototoxic

medication. The most frequently

administered ototoxic drug in

the observed population was

amikacin. No significant correla-

tion was found between the

administration of aminoglyco-

sides and SNHL. Our findings are

in accordance with studies by

Meyer et al. (1999)7 and Martinez-

Cruz et al. (2008).14 Nor did we

find a significant correlation be -

tween mean valley levels and

treatment duration of aminoglyco-

sides and SNHL. This finding is in

line with the study of Robertson et

al. (2006),15 which did not find a

significant correlation between the

administered dose and treatment

duration of aminoglycosides and

SNHL, at least when no other oto-

toxic drugs were associated. Our

results could have been influenced

by prudent policies in our NICU

regarding dosages of potentially

ototoxic drugs and a strict follow-

up of peak and valley levels.

Hyperbilirubinemia has been

frequently associated with SNHL

in previous studies.10-13 Hyper -

bilirubinemia was diagnosed in

59.0% of neonates in our study

population. No significant correla-

tion with SNHL was found. In

98.6% of neonates diagnosed with

hyperbilirubinemia, mean peak

levels were < 20 mg/dl. As for

potentially ototoxic bilirubin lev-

els, there is no defined consensus

to be found in the literature. In our

study population, peak levels of

bilirubin > 20 mg/dl were meas-

ured in only five neonates, none

of whom were diagnosed with

SNHL. Since high peak levels

were found in only a small num-

ber of neonates, no definite con-

clusions can be drawn from our

study regarding the association

between high bilirubin levels and

SNHL. High bilirubin levels are

found in only a limited proportion

of neonates in our population,

because peak levels are strictly

monitored at our NICU and a low

threshold for intervention is

applied.

In our study population, no sig-

nificant correlation was found

between mechanical ventilation

lasting for ≥ 5 d and SNHL. Hille

et al. (2007),6 however, withdrew

mechanical ventilating lasting for

≥ 5 d as a significant independent

risk indicator for SNHL in a defi-

nite NICU population of 2,186

newborns who were born with a

gestational age of < 30 wk and/or

a birth weight of < 1,000 g.

No significant correlation was

found between a birth weight of

< 1,500 g and SNHL. This is in

accordance with the results of

other studies.8,16 It should be noted

that, according to the 2007 JCIH

position statement,2 this factor is

no longer considered to be a risk

indicator.

A significant correlation was

found between in utero infec-

tions (especially CMV) and sen-

sorineural hearing loss. The

prevalence of in utero infections

in our study population was 5%,

which is markedly higher than the

prevalence reported by Korres et

al. (2005),17 Vohr et al. (2000),16

and Meyer et al. (1999),7 which

varied between 0.6% and 1%.

Congenital CMV infection was

the most frequently diagnosed in

utero infection in our study popu-

lation and was found in 3.7% of

NICU neonates. The overall inci-

dence of congenitally acquired

CMV infections is estimated to be

0.4% to 2.2%.18,19 In this study, in

utero infections were the main risk

indicator associated with SNHL.

Craniofacial anomalies were

found in 4.2% of neonates in our

study population. This is in accor-

dance with the prevalence re -

ported by Vohr et al. (2000).16 The

most frequently reported feature

among neonates with craniofacial

anomalies in our study population

was dysmorphism. A significant

cor relation was found between the

diagnosis of craniofacial anoma -

lies and SNHL. Similar findings

regarding craniofacial anomalies

and SNHL were reported by Meyer

et al. (1999)7 and Lima et al.

(2006).20

Given the fact that our study

population comprised only 25

neonates with SNHL, all of the

analysed groups were rather small.

Therefore, the reported significant

correlations only give an indica-

tion of significance and do not

allow us to draw definite conclu-

sions.

Conclusions

In our study, uni- or bilateral

hearing  loss was diagnosed in

4.1% of neonates. In utero infec-

tions (especially CMV), cranio -

facial anomalies, and syndromes

known to include SNHL were sig-

nificant risk factors associated

with SNHL. The most prevalent

risk factors were the administration

of ototoxic medication and hyper -

bilirubinemia, followed by me chani -

cal ventilation lasting for ≥ 5 d and

a birth weight of < 1,500 g. A sig-

nificant correlation with SNHL
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was not found for any of the most

prevalent risk factors. 

This study demonstrates that

adequate management of hyper-

bilirubinemia and ototoxic drug

administration can eliminate some

of the major historical risk fac-

tors associated with sensorineural

hearing loss in NICU neonates.

It also draws attention to the

need for strict careful detection of

in utero infections (especially

CMV), since in our study they

were the main risk factor associ -

ated with SNHL.
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