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A B S T R A C T

Objective: To verify the effect of peri-intraventricular hemorrhage on the auditory pathway of preterm infants.
Method: It is a non-concurrent cohort study. This study was conducted in a tertiary public. Preterm infants with
peri-intraventricular hemorrhage comprised the study group, and preterm infants without peri-intraventricular
hemorrhage were included as a comparison group, both were similar in relation to gestational age and risk
indicators for hearing loss. Participants had to meet the following inclusion criteria: have been born at the study
site, presence of otoacoustic emissions by transient stimulus in both ears and brainstem auditory evoked po-
tentials with all components bilaterally identified.
Results: 44 infants with an average age of 3 months with peri-intraventricular hemorrhage and 2,6 months
without peri-intraventricular hemorrhage met the inclusion criteria. Regarding the brainstem auditory evoked
potentials results, a significant increase was observed in absolute latency values of waves I, III and V, as well as
in the interpeak intervals I-III and I-V, bilaterally, in infants with peri-intraventricular hemorrhage.
Conclusion: This study concluded that infants with peri-intraventricular hemorrhage presented a delay in the
neural conduction of sound, which justifies the monitoring of the auditory function in these infants during the
period of language development.

1. Introduction

Intracranial hemorrhage is the major neurological pathology in
newborns. Its most common manifestation is the peri-intraventricular
hemorrhage (PIVH), followed by subdural, subarachnoid and cerebellar
hemorrhage, which are less frequent [1].

PIVH is almost exclusively in preterm infants, especially those
weighing below 1500 g at birth and with gestational age below 32
weeks, who are particularly more vulnerable to ischemic and hemor-
rhagic processes in the neonatal period, and which is closely related to a
multifactor lesion of the germinative matrix [2–4].

Its diagnosis is basically performed through ultrasound of the skull
still in the first days of life [5]. PIVH is classified according to the de-
gree of severity from I to IV [6]. Grade I occurs when subependymal
hemorrhage is restricted to the germinative matrix, in grade II there is
intraventricular hemorrhage without ventricular dilatation, in grade III
there is ventricular dilatation and in grade IV there is periventricular

hemorrhagic infarction [7,8]. Grades III and IV are considered de-
terminants for a poor prognosis [5].

However, the literature reports that those infants with grades be-
tween I and II may also present neurological abnormality, delayed in
cognitive development and hearing impairment when compared with
preterm infants and normal ultrasound [5].

Studies show that 7.4% of infants with PIVH present some degree of
hearing impairment [9], this occurrence can be justified due to the fact
that PIVH causes the impairment of the germinative matrix, a highly
vascularized region located between the caudate nucleus and thalamus,
from which glial cells and neurons responsible for myelination and
cortical and subcortical development arise. Thus, PIVH can compromise
the development and functioning of several structures, including the
auditory, which shows the importance of early audiological assessment
in these individuals [10].

In the neonatal population, electroacoustic and electrophysiological
exams, such as the transient-evoked otoacoustic emission (TEOAE) and
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brainstem auditory evoked potential (BAEP) are the most common
technique for hearing screening. The first examination allows to verify,
in detail, the functioning of the outer hair cells of the cochlea, the
peripheral portion of the auditory system, and the second one pre-
dominantly examines the auditory pathway at the brainstem level [11].

Therefore, the hearing assessment in newborns with PIVH is ne-
cessary for a better understanding of the manifestations of this condi-
tion on the auditory pathway, which consequently may impair the
development of hearing and language skills [12–14].

Thus, the aim of this study was to verify the effect of PIVH on the
auditory pathway of preterm infants.

2. Method

This study was approved by the Research Ethics Committee of the
institution (process number 2.206.522). It was a single non-concurrent
cohort study, conducted from March to October 2017.

2.1. Subjects

Preterm infants with PIVH were included in the sample, composing
the study group and preterm infants without PIVH composed the
comparison group. The diagnosis of PIVH exposure was based on the
result of the transfontanelar ultrasonography verified by the neonatal
team of the maternity hospital [7,15]. Both groups were similar in re-
lation to gestational age and risk indicators for hearing loss, according
to the Joint Committee on Infant Hearing (JCIH) [16].

Inclusion criteria: have been born at the study site, presence of
TEOAE in both ears, BAEP with all components bilaterally identified
and having performed all auditory tests in the same session and
Informed Consent signed by the parents.

Exclusion criteria: alterations in the external and/or middle ear
detected by the otorhinolaryngologist, infants with genetic syndromes
or craniofacial malformations.

2.2. Outcome

The main parameters evaluated in the BAEP of both groups were:
absolute latency values of the waves I, III and V, and interpeak latency
values of I–III, III–V and I–V in both ears.

2.3. BAEP technical specifications

The BAEP test was performed with the infants in natural sleep, using
the equipment EP15 - Eclipse, Interacoustics®/Denmark. After cleaning
the skin with abrasive substance (Nuprep®), the surface electrodes
byNeuroline® were fixed at specific points. The active electrode was
placed on the forehead (Fz) and the reference electrodes on the mastoid
regions (M1 and M2). The ground electrode was placed on the forehead
and the stimulus was presented through the ER 3A insertion earphone,
with monaural stimulation with filtered clicks (high pass filter of
100 Hz and low pass filter of 2000 Hz), duration of 100 μs and rarefied
polarity. A total of 1024 clicks with analysis time of 20ms were pro-
vided, repeated to confirm the reproducibility of the waves. The im-
pedance of the electrodes was maintained below 3 Kohms. The stimulus
presentation rate was 20.1 clicks per second and 80 dBnHL intensity
was used.

2.4. Statistical analysis

The comparison in relation to the potential confounders and the
association of the absolute and interpeak latencies of the BAEP with
PIVH was carried out through the non-parametric Mann-Whitney test
and Chi-square test. The similarity of age between the groups was
confirmed through Student's t-test. Differences were considered statis-
tically significant when p < 0.05. The analysis was performed with the

software SPSS v 21.0.

3. Results

The inclusion criteria were met by 44 infants with an average age of
3 months in infants with PIVH and 2,6 months in infants without PIVH
(p= 0.284), the sample characterization is shown in Table 1.

As the study comprised preterm infants, the association of risk in-
dicators for hearing loss was observed: Apgar score below 4 in the first
minute and/or below 6 in the fifth minute, ICU stay, weight at birth
below 1500 g and use of ototoxic medication. However, there was no
significant correlation between the presence of these indicators and the
alterations found in the BAEP (Table 2).

Similarly, the difference between male and female in infants in the
group with PIVH did not have a confounding effect in the analysis of the
BAEP results (p= 0.467).

The classification of the PIVH severity (I, II, III and IV) was per-
formed by the hospital's Neonatology team, with six infants with grade
I, seven with grade II, three with grade III and two with grade IV.

In the auditory investigation, the included infants presented TEOAE
in both ears, performed before the electrophysiological assessment. In
relation to the BAEP results, a significant increase was observed in
absolute latency values of waves I, III and V, as well as in interpeak
intervals I-III and I-V bilaterally in infants with PIVH (Table 3).

4. Discussion

PIVH can lead to serious neurological and sensory sequelae such as:
cerebral palsy, visual and auditory impairments, mental retardation,
acute intracranial hyperten-sion, hypoxic-ischemic brain injury, post-
hemorrhagic hydrocephalus and periventricular hemorrhagic infarction
[17]. The lower the gestational period and the birth weight, the more
frequent the PIVH, due to the immaturity of the central nervous system.
Between the 26th and 32 ndweeks of gestation, the period of great
proliferation of the germinal matrix, the initial site of PIVH, occurs.
After this period, involution of this region occurs and the risks of
bleeding decrease, however, due to the difficulty in correctly estab-
lishing the gestational age, the birth weight becomes the most com-
monly variable used to define the risk group for PIVH [1,2,10].

Currently, the incidence of PIVH has decreased and survival rates
have increased due to improvements in overall newborn care and
technological advancement [1,9,18].

Table 1
Sample characterization.

Groups/Variables without PIVH (n=26) with PIVH (n= 18)

Female 13 (50%) 11 (61%)
Male 13 (50%) 7 (39%)
Gestational age (weeks)a 29 (24–35) 28 (25–33)
Weight at birth (grams)a 1475 (780–2395) 1089 (500–1480)

a Summary on average (minimum and maximum) of the values gestational
age and weight at birth.

Table 2
Comparison between risk indicators for hearing loss in relation to BAEP la-
tencies.

Latencies of the right ear p Latencies of the left ear p

I 0,143 I 0,861
III 0,826 III 0,965
V 0,861 V 0,826
I-III 0,421 I-III 0,826
III-V 0,692 III-V 0,930
I-V 0,448 I-V 0,759

Mann-Whitney test.
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The study of the effects of PIVH on hearing is still little explored in
the literature, and the BAEP test as an objective measure of functional
integrity assessment of the auditory pathway allows to verify the ex-
istence of lesions in these structures, possibly caused by PIVH.

Studies show the occurrence of hearing impairment in preterm in-
fants weighing below 1500 g, a characteristic frequently found in in-
fants with PIVH, and their findings reveal the absence of response in
electroacoustic tests and different findings at electrophysiological
thresholds [19,20]. However, the purpose of this study was to verify the
neural conduction time of the sound in hearing infants and who suf-
fered from PIVH.

Thus, when comparing the BAEP results in groups of infants with
and without PIVH, a significant increase was observed in the absolute
latencies of waves I, III and V, as well as in the interpeak intervals I-III
and I-V in both ears.

The analysis of the absolute latencies of waves I, III and V, and of
the BAEP, allows to verify the time between the stimulus and the for-
mation of the neural activity, its increase is often related to the pre-
neural conditions, such as alterations of middle ear and cochlear
hearing loss. However, this study included only infants with present
otoacoustic emissions, allowing to demonstrate the occurrence of a
synaptic dysfunction in the auditory pathway up to the brainstem in
infants with PIVH.

The analysis of the interpeak latencies allows to verify the speed of
the connections across the sites generating the auditory neural re-
sponse. The increase in interpeak latency in I–III and I–V in infants with
PIVH showed that there was impairment in the synaptic conduction of
the lower brainstem, that is, the peripheral portion of the auditory
pathway.

Similarly, Angrisani et al. [21] reported increased latency of waves
III and V, and of interpeak interval I-V in infants who had PIVH, in-
dicating that these individuals are susceptible to retrocochlear impair-
ment.

Another finding to be discussed would be regarding the degree of
PIVH, which can range from I to IV. In the present study, there was a
higher occurrence of grades I and II, which, despite having a better
prognosis due to the higher chances of reabsorption, these findings
show that there is synaptic conduction impairment in the auditory
pathway in these infants.

Thus, there is a need to monitor the evolution of auditory abilities in
order to better understand the effects of PIVH on child development.

5. Conclusion

This study demonstrated changes in auditory structures at the level
of the lower brainstem in infants who had PIVH regardless of the de-
gree.
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Table 3
Comparison between absolute and interpeak latencies of BAEP in both ears in
infants with and without Peri-Intraventricular Hemorrhage.

Absolute and
interpeak
latencies

without PIVH (n=26) with PIVH (n=18) p

Md Min Max Md Min Max

RE I 1,43 1,27 1,67 1,57 1,44 2,04 < 0.001
III 4,00 3,67 4,30 4,50 4,12 5,29 < 0.001
V 6,33 5,80 6,73 6,77 6,20 8,13 < 0.001
I-III 2,57 2,00 2,93 2,84 2,50 3,70 < 0.001
III-V 2,27 2,03 2,80 2,34 2,00 2,94 0,383
I-V 4,88 4,47 5,33 5,19 4,68 6,54 0,003

LE I 1,48 1,27 1,97 1,67 1,46 1,99 < 0.001
III 4,07 3,77 4,57 4,49 4,07 5,16 < 0.001
V 6,32 5,83 6,80 6,72 6,23 8,03 < 0.001
I-III 2,59 2,17 3,03 2,81 2,37 3,57 0,011
III-V 2,30 1,93 2,90 2,28 1,90 3,15 0,550
I-V 4,80 4,53 5,40 5,03 4,56 6,44 0,004

Caption: PIVH: Peri-Intraventricular Hemorrhage; RE – right ear; LE – left ear.
Mann-Whitney for independent samples.
Descriptive summary in median (minimum and maximum).
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