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Background 
Acute otitis media (AOM) and otitis media with effusion (OME) are 

the second most prevalent clinical problems in infants and children in US and 
the leading (most common) causes of hearing loss (Kenna 200511). Although 
significant	epidemiologic	data	exists	pertaining	to	the	incidence	of	ear	infections	
among children, very few studies have looked at the rate of congenital OM in 
newborns,	 specifically	 preterm	 infants.	 Previous	 investigators	 have	 attempted	
to identify the presence of otitis media in neonates with inconsistent report of 
incidences by different studies. Otitis media has been reported in various studies 
ranging from 3.3% of 300 normal unselected newborns, in a population of 970 
neonates in Neonatal ICU (NICU), to 30% in 125 critically-ill neonates (Balkany, 
19781)	and	in	another	study	investigators	identified	otitis	media	in	97.7%	of	ears	in	
44 NICU patients (Pestalozza 198812, Balkany 19781, Eavey 19939). 

Such	 inconsistency	 among	 various	 studies	 underscores	 the	 difficulty	 of	
visualizing and accessing the middle ear in neonates. Standard otoscopy provides 
extremely limited visualization, due to the size of the ear canal, special anatomy 
of tympanic membrane (TM), and appropriate illumination in preterm infants 
especially in those weighing < 1500 grams (Figure 1) (Balkany 19781). In Eavey 
et al study in 19939, adequate examination could not be performed in 30% of 
the nenoates’s ears using conventional pneumatic otoscopy (Eavey 19939). All 
the prior studies used conventional otoscopic technique which potentially leads to 
inaccurate and inconsistent diagnosis of congenital OM in preterm infants.3 
Figure 1. Tympanic membrane orientation A. Child B. Infant1
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Relationship between perinatal otitis media and congenital hearing loss 
The Joint Committee on Infant Hearing (JCIH10) updated high-risk criteria 

for congenital hearing loss in the 1994 its position statement which included family 
history of hereditary childhood sensorineural hearing loss, in utero infection (e.g., 
toxoplasmosis, other viral infections, rubella, cytomegalovirus infection, and 
herpes simplex [TORCH]), craniofacial anomalies, birth weight less than 1500 g, 
hyperbilirubinemia severe enough to necessitate an exchange transfusion, ototoxic 
medications including but not limited to use of aminoglycosides in multiple 
courses or in combination with loop diuretics, bacterial meningitis, Apgar scores 
of 0 to 4 at 1 minute or 0 to 6 at 5 minutes, mechanical ventilation lasting 5 days 
or	more,	and	presence	of	stigmata	or	other	findings	associated	with	a	syndrome	
known to include sensorineural or conductive hearing (JCIH 199410). However, 
the connection between perinatal OM and congenital hearing has not been well 
established. 

Prematurity,	low	birth	weight	and	congenital	infections	have	been	identified	
as some of the intrinsic risk factors for ear infections and potential hearing 
loss (Chu et al 20033, Cristobal et al 20084, Vargha et al 197513). A study by 
Vargha et al 13	identified	the	presence	of	otitis	media	in	44	out	of	253	premature	
infants by performing tympanal suction drainage and analyzing their bacterial 
cultures(Vargha et al. 197513).Previous studies have shown that infants in a NICU 
have a higher risk of developing hearing loss and have a reported incidence of 
hearing loss that is 10 to 20 times higher than that of full term infants. (Davis and 
Wood 19926; Curnock 19935; Veen, Sassen et al. 199314). Furthermore, a recent 
study also reported a positive correlation between the incidence of hearing loss 
and congenital infections among infants admitted to a NICU 4 (Yoshikawa, Ikeda 
et al. 2004). Intra-uterine infections have frequently been related to preterm birth 
and often remain subclinical in many cases. 

There is a growing hypothesis of an association between subclinical intra-
uterine	infection	/inflammation	and	the	development	of	ear	infections	in	preterm	
infants. Histopathologic studies were performed on the middle ear cavities of 
deceased infants to study the incidence of ear infections and possible role of 
intrauterine infections (de Sá 19738; Eavey 19939) by demonstrating cellular 
content	from	the	amniotic	fluid	in	middle	ears.	A	recent	prospective	study	found	
recurrent OME incidence was six times higher in histologic choriaminonitis 
(HCA)-positive preterm infants that the HCA-negative infants (De Felice et al. 
20087), possibly suggesting that HCA is a previously unrecognized risk factor for 
the development of recurrent OME in preterm infants. 

Although the pathophysiology of OM in pediatric and adult populations 
has been well established, the incidence and etiology of congenital OM remains 
unknown and could be fundamentally different. The putative mechanism of 
intrauterine infections leading to congenital OM may be that the infected amniotic 
fluid,	if	ingested	by	the	fetus,	can	provide	a	route	of	entry	for	the	microorganisms	
to the upper respiratory tract from where they may ascend to the middle ear 
via the eustachian tube. These pathogens can attach to the mucosal surfaces of 
the nasopharynx as well as the middle ear, and eventually colonize the surface 
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by	 forming	 resistant	 biofilms.	 Colonization	 in	 the	 middle	 ear	 or	 ascending	
colonization from the nasopharynx via the eustachian tube can result in infection/
inflammation	in	the	middle	ear.	Planktonic	shedding	of	bacteria	from	the	biofilms	
may be associated with the recurrence of middle ear infections later in life. The 
infection of the middle ear can further provide a mode of entry for the bacterial 
pathogens,	 toxins	and/or	 inflammatory	mediators	 into	 the	 inner	ear,	 resulting	 in	
inner ear infections which could lead to partial to complete hearing loss. 
Clinical significance of congenital otitis media 

Undiagnosed	OM	could	represent	significant	disease	burden	 leading	 to	un-
toward	complications.	Accurate	identification	of	congenital	OM	in	preterm	infants	
may help to explain the higher incidence of hearing loss in these infants. In addition 
a small percentage of middle ear infections may spread to the inner ear and lead to 
both intracranial and extracranial complications such as meningitis, brain abscess-
es, permanent sensorineural hearing loss, facial nerve paralysis, coalescing mas-
toiditis and subperiosteal abscess. The development of a standardized technique 
allows early and reliable detection of OM in preterm infants and hence appropriate 
treatment to prevent adverse complications. This study will also shed new light on 
the etiology of congenital OM by exploring its potential relationship with intrauter-
ine infection. Based on the hypothesized pathophysiologic model, the pathogens in 
congenital OM could be fundamentally different from those found in OM in general 
population.	By	identifying	the	specific	pathogens	in	this	study,	antibiotic	treatment	
with focused spectrum of activity could be used to treat congenital OM. 
Updates on otitis media in preterm infants. 

Through our recent study, we elucidated the incidence of otitis media in 
preterm infants by using state of the art equipment that can overcome challenges 
posed due to the size and anatomy of the external auditory canal (EAC) of preterm 
infants and allow us to make an 6 accurate assessment of the middle ear status. 
Video endoscopy is complemented with the use of high frequency tympanometry 
to enhance assessment of the middle ear status in study subjects. 

Middle ear status was determined using the otoscopy grading scheme shown 
in Table 1. Endoscopic pictures of the tympanic membrane were captured using 
high	definition	video	camera	(Figure 2). Evaluation of hearing loss will be done by 
measuring the distortion products otoacoustic emissions (DPOAEs) and auditory 
brainstem response (ABR) thresholds in each subject. 
Our study documented AOM and OME were common in preterm infants, sug-
gested by the fact that 19 / 30 subjects (63.3%) showed endoscopic evidence of 
AOM or OME. Out of the 19 subjects with OM, 11 subjects demonstrated AOM 
(57.9%).	The	endoscopic	findings	were	validated	by	tympanometry	(Figure 3). 
The	excellent	agreement	in	findings	between	endoscopy	and	tympanometry	in	
our study could potentially be explained by the optimal visualization and as-
sessment of the TM in our patients using the endoscopic otoscopy techniques. 
Stratifying the OM incidence by gestational age (GA) suggested that infants at 
GA < 30 weeks had a much higher incidence of OM (Figure 4). 

Less than 50% of subjects with OM failed DPOAEs may suggest there were 
only partial effusions in the middle ear. Auditory brainstem responses (ABRs) 
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were measured in three of infants who had endoscopic evidence of OM, Type B 
tympanogram and detectable DPOAEs. All three infants passed ABR screen with 
click	stimulus	(Data	not	shown)	which	confi	rmed	with	DPOAE	measurements.	7 
Table 1. Otoscopy Grading Scheme based on tympanic membrane morphologic characteristics

Otoscopy Grading Scheme based on tympanic membrane morphologic characteristicsPoints

0 1 2
Color Pearly grey White Erythematous
Transparency Transparent Translucent Opaque
TM Position Neutral Retracted Bulging Signifi cantly
TM Thickness Normal Mildly thickened Thickened

Diagnostic Criteria  Normal: 0 point; Otitis media with effusion: 1-5 points;  Acute otitis media: ≥ 6 points;  
*Adopted from Chapter 8, Management of otitis media, Managing the Allergic Patient, 1st Edition. 2007 Saunders.

Figure 2. Endoscopic images of the three middle ear statuses Normal TM (left) OME (middle) AOM (right)

When comparing the 
OM incidence as a function 
of the maternal histologic 
chorioaminonitis, our data 
also provided preliminary 
evidence that the incidence 
of otitis media in LBW 
preterm infants with histo-
ry of maternal HCA would 
potentially be higher than 
that of those with negative 
maternal HCA history. De-
spite of the lack of statisti-
cal	 signifi	cance,	 this	 fi	nd-
ing raised a hypothetical 
question on the possible 
etiology of congenital oti-
tis media which infected 
amniotic	 fl	uid	 could	 po-
tentially	be	refl	uxed	via	the	
Eustachian tube. 

Figure 3. Tympanometry Outcome by Middle Ear Status

Figure 4. Incidence of AOM/OME Stratified by Gestational Ages (GA)



210 XII IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY!

Future direction 
Congenital otitis media remain a disease entity that has not been well 

studied and established. Further research needs to be done with respect to its 
true incidence in preterm infant population, natural history of the disease, its 
implication on hearing loss. The etiology or pathogens of congenital otitis media 
is also an important aspect of the investigation as further understanding of the 
pathophysiology would lead to appropriate medical treatment of this disease 
entity. Furthermore, normative ABR data needs to be established for preterm 
infants in order to properly assess the degree of hearing loss in this population. 8 
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