Boletin Médico del B

Hospital Infantil de México PERMANYER

’ '.) Check for updates

RESEARCH ARTICLE

Cochleopalpebral reflex: sensitivity and specificity in the
auditory screening of newborns discharged from the neonatal
intensive care unit

Carlos F. Martinez Cruz*, Mayra N. Ramirez-Vargas, Martina A. Guido-Campuzano, and

Patricia Garcia-Alonso-Themann

Departamento de Seguimiento Pediatrico, Instituto Nacional de Perinatologia Dr. Isidro Espinosa de los Reyes, Mexico City, Mexico

Abstract

Background: The sensitivity and specificity of the clinical audiological evaluation in newborns are debatable compared to
neurophysiological methods of a hearing evaluation. This study aimed to determine the sensitivity and specificity of the co-
chleopalpebral reflex as a clinical test for hearing screening in newborns. Methods: A case-control study was designed.
Newborns discharged from a neonatal intensive care unit (NICU) were included. Brainstem evoked auditory potentials were
recorded. A wooden rattle was used to explore the cochleopalpebral reflex. The sensitivity and specificity of the cochleopal-
pebral reflex were calculated. Continuous data were analyzed with Student’s t-test, with statistically significant p-values < 0.05.
Results: We selected 450 newborns who were divided into two groups: group A, with bilateral sensory neural hearing loss
(n = 150), and group B, with normal hearing (n = 300). Group A showed a significantly lower gestation age at birth (p = 0.005)
compared to group B (32.5 + 2.6 vs. 34.4 + 3.5 weeks). In group A, the cochleopalpebral reflex’s sensitivity was 80% using
the wooden rattle. In group B, the specificity was 98%. Conclusions: The NICU discharged newborns’ clinical hearing eva-
luation is not enough to exclude hearing loss. Although it may be the only diagnostic tool for hearing loss in some settings,
its limitations should be considered.

Keywords: Brainstem auditory evoked potentials. Cochleopalpebral reflex. Hearing screening. Newborns. Neonatal intensive
care unit.

Reflejo cocleopalpebral: sensibilidad y especificidad en el tamiz auditivo de recién
nacidos egresados de una unidad de cuidados intensivos neonatales

Resumen

Introduccion: La sensibilidad y la especificidad de la evaluacion audioldgica clinica en recién nacidos son cuestionables
en comparacion con los métodos neurofisiolégicos de evaluacion auditiva. El objetivo de este estudio fue determinar la
sensibilidad y la especificidad del reflejo cocleopalpebral como prueba clinica de tamizaje auditivo en recién nacidos.
Métodos: Se disefié un estudio de casos y controles en el que se incluyeron recién nacidos egresados de una unidad de
cuidados intensivos neonatales (UCIN). Se les efectuaron potenciales auditivos evocados de tallo cerebral. Para la exploracion
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del reflejo cocleopalpebral se utilizé una matraca de madera. Se calcularon la sensibilidad y la especificidad del reflejo
cocleopalpebral. Los datos continuos se analizaron con la prueba t de Student y se consideraron estadisticamente signifi-
cativos los valores de p < 0.05. Resultados: Se seleccionaron 450 recién nacidos y se dividieron en dos grupos: el grupo
A (n = 150) con hipoacusia sensorineural y el grupo B (n = 300) con audicion normal. El grupo A mostrd una diferencia
significativa (p = 0.005) en cuanto a la edad de gestacion al nacer en comparacion con el grupo B (32.5 + 2.6 vs. 34.4 + 3.5
semanas). En el grupo A, la sensibilidad del reflejo cocleopalpebral fue del 80% utilizando la matraca de madera. En el
grupo B se encontré una especificidad del 98%. Conclusiones: La evaluacidn del reflejo cocleopalpebral como prueba
clinica de tamizaje auditivo en una poblacion de recién nacidos egresados de una UCIN no es suficiente para descartar la
pérdida de la audicion. Aunque puede ser la unica herramienta de diagndstico para evaluar la pérdida de la audicion en
algunos casos, es importante considerar sus limitaciones.

Palabras clave: Potenciales evocados auditivos del tallo cerebral. Reflejo cocleopalpebral. Tamizaje auditivo. Recién nacidos.

Unidad de cuidados intensivos neonatales.

Introduction

Newborns (NB) discharged from neonatal intensive
care units (NICUs) are a high-risk population for devel-
oping neurological and sensory pathway sequelae,
highlighting the elevated incidence of sensory neural
hearing loss (SNHL)'-6. The neonatal hearing screening
is the most effective means of early SNHL detection.
Early diagnosis and immediate intervention are deci-
sive factors in the development and prognosis in NB'.

There are two universally accepted neurophysiologi-
cal methods for performing neonatal hearing screening:
transient evoked otoacoustic emissions (TEOAE) (with
a sensitivity of 91% and specificity of 85%), and brain-
stem auditory evoked potentials (BAEP) which is the
standard gold test in neonatal audiological evaluations'.
These neurophysiological methods for neonatal hear-
ing screening, with high sensitivity and specificity,
ensure that all suspected cases of hearing loss are
identified in the first phase and then confirmed in sub-
sequent phases'’.

The sensitivity and specificity of clinical audiological
evaluations in NB and infants are debatable®, espe-
cially with neurophysiological hearing evaluation
methods. However, a hearing evaluation with neuro-
physiological methods without clinical correlates is
incomplete.

The cochleopalpebral reflex (CP-R) was first reported
through auditory stimulation in NB by Preyer in 1882°.
It consists of an involuntary blink of the eye caused by
the orbicularis oculi muscle contraction in response to
sounds of high pressure. This reflex can be intentionally
evoked by the clinician and represents the first stage
of auditory behavioral observation for NB and young
infants'®"”, The clinical examination of the CP-R in NB
is barely used today and has been replaced by neuro-
physiological hearing tests in NB. The normative

committee for infant hearing loss, the Joint Committee
on Infant Hearing, do not include this first stage of
auditory behavioral observation in the NB. Conversely,
it initiates clinical auditory evaluations from the second
stage of auditory behavioral observation, starting at
6 months of age using the distraction audiometry’.
This study aimed to determine the sensitivity and
specificity of the cochleopalpebral reflex as a clinical
auditory screening test in NB discharged from NICU.

Methods

We designed a case-control study with the following
inclusion criteria: NB discharged from a NICU in Mexico
City, born from January 1, 2008, to December 30, 2018,
regardless of their morbidity during their NICU stay,
gestational age, and birth weight. For comparison and
analysis purposes, two groups were established: NB
with bilateral sensory neural hearing loss (group A) and
NB with normal hearing (group B).

We considered the following conditions as exclusion
criteria: congenital head and neck malformations, chil-
dren with conductive hearing loss, children with audi-
tory neuropathy spectrum disorder®, and NB with
unilateral hearing loss.

Brainstem auditory evoked potentials

All the NB included in the study underwent brainstem
auditory evoked potentials (BAEP) determinations
using the international ten-twenty system'® at hospital
discharge (2 months of age), and a second confirma-
tory determination at 6 months of chronological age,
using a Nicolet Viking Quest computer (Nicolet
Biomedical Inc, Madison State, WI).

The test was performed in a quiet room reserved for
this purpose and sleeping NB. Cerebral electrical



C.F. Martinez Cruz, et al.: Cochleopalpebral reflex and auditory screening

activity was recorded using gold disc electrodes, placed
with previous alcohol-acetone cleaning, and application
of conductive gel with the following assembly A1-Cz,
A2-Cz, FPZ ground (Cz cranial vertex, A1 and A2 both
mastoid processes). The studied ear was (-), and the
contralateral was ground.

The impedance of the electrodes was kept below
4 kQ. The bandpass filters were placed between 300-
3000 Hz. Post stimulation analysis time was 10 ms.
BAEP determinations were performed by monaural
click-type stimulation. Initially, at an intensity of 30 deci-
bels normal hearing level (dB nHL), and gradually
increasing to 80 dB nHL. The contralateral ear was
masked with white noise at 40 dB nHL below the stim-
ulus intensity with a frequency of 11.4 Hz. We applied
1500 stimuli with their respective replication in rarefac-
tion mode and searched the auditory threshold. The
stimulus duration was 100 us; the clicks were released
through TDH-49P headphones (Telephonics Co.,
Huntington, NY).

Normal peripheral hearing sensitivity was considered
when the response at 40 dB nHL or less for each ear
provided positive reproducibility of the V-wave. Hearing
thresholds equal to or greater than 45 dB nHL was the
SNHL criterion. Results at 6 months of age were taken
as a diagnostic test.

Cochleopalpebral reflex

The cochleopalpebral reflex (CP-R) was explored in
all the NB included in the study during the first trimester
of extrauterine life in the first audiological consultation.

For the CP-R examination, an 18 x 5 cm wooden
rattle was used. This rattle produces high-pitched
sounds of 85 dB nHL at a distance of 60 cm. The loud-
ness was measured with a portable sound level meter
[Model 2250, BZ-7222. 1ISO 7196: 1995. ANSI S1.42—
2001 (R2011). Briel & Kjer Sound & Vibration
Measurement A/S. DK-2850 Neerum, Denmark] in an
isolated 3 x 3 m sound chamber.

The rattle was rotated at a distance of approximately
60 cm in front of the NB face. The NB should be calm,
awake, not crying, and preferably with no movements
to distinguish the behavioral changes practically at the
turning of the rattle (Figure 1).

Three attempts were made to search for a positive
response with the presence of CP-R. The presence or
absence of CP-R was recorded. Two certified audiolo-
gists performed the evaluations in all the cases included
in the study.

Figure 1. Cochleopalpebral reflex evoked by a wooden
rattle.

One of the advantages of this toy is that it does not
require large movements or efforts to cause noise,
enabling the audiologist to concentrate and observe the
NB during the exploration.

Clinical audiological evaluations with the CP-R and
BAEP were performed with a double-blind technique.
The persons who carried out the BAEP were unaware
of the clinical test results, and the clinicians who carried
out the CP-R were unaware of the results of BAEP.

Parents were informed of the importance of the audi-
ological follow-up, the study purposes, and the research
benefits. The signed informed consent form was
requested based on the institute’s research committee
and the Helsinki declaration.

Statistical analysis

Continuous data were presented as means and stan-
dard deviations and analyzed using the Student’s t-test.
Categorical variables were presented as frequencies
and percentages and analyzed using the y? test;
p-values < 0.05 were considered statistically signifi-
cant. We calculated the sensitivity and specificity of the
CP-R and determined the positive and negative predic-
tive values of the test.

For data analysis, we used the statistical program
IBM SPSS for Windows version 20.0 (IBM Corp.,
Armonk. NY, USA).

Results

During 10 years (from January 2008 to December
2018), we selected 450 NB discharged from a NICU.
The mean chronological age was 2 + 1 months. They
were divided into two groups: group A, NB with a diag-
nosis of bilateral SNHL (n = 150), and group B, NB with
normal bilateral hearing (n = 300). The frequency of
bilateral SNHL in this sample was 33%.
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Table 1. General characteristics of both groups

Variables Mean + SD
Gestational age at birth (weeks) 150 325+ 26
Weight at birth (g) 150 1530 + 581
Hospital stay (days) 150 58 + 41

*Student’s t-test.

Variation Mean + SD Variation
26-40 300 344 +£35 26-42 0.005*
640-3925 300 1723 + 805 570-4050 0.01*
4-270 300 31+22 3-128 0.001*

NH, normal hearing; n, frequency; SNHL, sensory neural hearing loss; SD, standard deviation.

Statistically significant differences between group A
and group B were observed regarding the gestational
age at birth (32.5 + 2.6 vs. 34.4 + 3.5 weeks; p = 0.005),
birth weight (1530 + 581 vs. 1723 + 805 g; p = 0.01),
and hospital stay (58 + 41 vs 31 = 22 days; p = 0.001)
(Table 1).

No statistical difference was observed regarding sex
(p = 0.06): 56% (n = 84) and 44% (n = 130) of the NB
were male in group A and group B, respectively.

In group A (SNHL), the sensitivity of the CP-R was
80% using the wooden rattle, and in group B (NH), the
specificity was 98% (Table 2).

In group A, the BAEP results showed mean hearing
thresholds at 90 decibels in both ears, unchanged at 2
and 6 months of age. Ninety-eight cases (65.3%)
showed no bilateral response at 100 dB nHL. Ten
cases in this group (6.7%) showed a V wave of the
BAEP at 95 dB nHL. Forty-two (28%) showed hearing
thresholds between 45 and 90 dB nHL.

In group B, BAEP studies showed hearing thresholds
at 35 dB nHL at 2 months of age and 29 dB nHL at
6 months of age (Table 3).

Discussion

The main objective of hearing screening is that NB
can receive an audiological evaluation during the first
month of age to confirm hearing loss diagnosis and
initiate auditory habilitation before 6 months of age.

In the present day, there are high sensitivity and spec-
ificity neurophysiological studies that make hearing
screening at early ages easy and accessible to the
general population. However, screening needs special-
ized equipment and personnel. Exploring hearing in NB
and infants does not need to be the domain of the audi-
ology specialist since the procedure is simple, easy,
feasible, replicable, and inexpensive, as shown in the
present study. The balance between neurophysiological

Table 2. Sensitivity and specificity of the
cochleopalpebral reflex in newborns discharged from a
neonatal intensive care unit

A (SNHL) B (NH) Total
n (%) n (%) 1] (%)
CP-R
Absent 121 (27%) 5 (1%) 126 (28%)
Present 29 (6 %) 295 (66%) 324 (72%)
Total 150 (33%) 300 (67%) 450 (100%)
Sensitivity 80% Specificity 98%
Positive Negative
predictive value predictive value
96.03% 91.04%

CP-R, cochleopalpebral reflex; n, frequency; NH, normal hearing; SNHL, sensory
neural hearing loss.

Table 3. Brainstem auditory evoked potentials thresholds
in discharged newborns from the neonatal intensive
care unit

Cate |+ Jwoms | o [0

At 2 months of age

Right ear 150 90.7 £ 15.9 300 358+105

Left ear 150 91.7 £ 14.2 300 36.2+113
At 6 months of age

Right ear 150 88.9£17.3 300 28.8 + 6.2

Left ear 150 90.9 + 16.2 300 292 £+ 6.3

Values in decibels.
NH, normal hearing; n, frequency; SD, standard deviation; SNHL, sensory neural
hearing loss.

studies and clinical practice in evaluating NB and infant
hearing will have correlates that complement each
other, establishing a complete practice in pediatric audi-
ology. The intentional exploration of the CP-R to evalu-
ate NB audiological status does not intend to defer the
neurophysiological hearing test but complement a
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comprehensive audiological evaluation where the clini-
cal correlate and the neurophysiological hearing find-
ings will lead to the best diagnostic and therapeutic
decisions. In situations where there is no access to
neurophysiological hearing tests for the NB, a clinical
hearing evaluation such as the one proposed here
would be better than no test.

The general characteristics of this NB population dis-
charged from NICU stand out for the group with SNHL
(lower gestational age and birth weight, and more
extended stay in the NICU) compared with the group
with normal hearing. These observations represent a
greater susceptibility to hearing damage in a critical
period of high vulnerability, such as premature birth and
low birth weight. These indicators and audiological risk
factors in NICU graduates have been extensively doc-
umented and discussed in the previous publications®.

The sensitivity of the CP-R was 80%, and the spec-
ificity was 98% using a wooden rattle as a clinical test
for hearing screening in a population of NB discharged
from a NICU in Mexico City. With these results, the
clinical hearing evaluation of NICU discharged NB is
not sufficient to discard hearing loss and should be
complemented with neurophysiological hearing tests.

Poblano et al. reported a 38% sensitivity of the CP-R
and a specificity of 97% in a study with a sound toy
test and CP-R in the early detection of hearing loss in
infants®.

The physiology of CP-R is not yet fully understood;
however, it is known that the afferent signal travels
through the cochlear nerve at the level of the brain-
stem, annular protuberance, including the mesen-
cephalic reticular formation, the nucleus of the lateral
lemniscus, and the inferior colliculus, and the facial
nerve transmits the efferent information to the final
organ (the eyelids).

High sound pressure of approximately 80 dB nHL,
reached in milliseconds, is necessary for exploring the
CP-R in NB and infants since lower sound intensities
may not trigger the reflex.

For this reason, we suggest high sound pressure toys
such as the wooden rattle, a triangle, drum, or bongo.
Amiel-Tison and Grenier used loud applause in front of
the infant to trigger this reflex, which may also be help-
ful'®. Regardless of the sound method, the clinician’s
knowledge and experience are of paramount impor-
tance to determine normal or abnormal hearing in the
newborn or infant at the time of evaluation. If two or
more observers are added to this auditory behavioral
observation and all reach a uniform criterion, the test

will have greater validity. The procedure can also be
filmed for later evaluations.

To date, there is no standardization or uniformity for
the use of these sound instruments, so they are used
under clinical evaluation. They can be measured with
sound level meters, but they are difficult to calibrate.

If the infant arrives asleep to the evaluation, it will
offer a good moment to evaluate, as long as the sleep
is in a superficial phase. The infant’s eyelashes should
be touched to determine if the sleep is superficial or
deep. If the NB strongly closes the eyelids or shows
discomfort movements, it indicates superficial sleep,
and the healthcare personnel can perform the audio-
logical evaluation. On the contrary, if the infant is not
bothered, then the sleep is in a deep phase, and the
test is not recommended. The auditory responses
observed during shallow sleep are practically the same
as those mentioned previously. The CP-R will show
more significant lid closure and may result in the infant
waking up.

As could be expected, this method has limitations.
An evaluation with negative CP-R does not guarantee
that the NB or infant has hearing damage, but it indi-
cates a suspect until proven otherwise. Therefore, in
these cases, it is suggested to attend the audiological
clinic for a BAEP determination. A positive reaction will
pass the hearing screening as good.

Infants with unilateral hearing loss, superficial or
medium degree of hearing loss will pass this evaluation
modality. The false negatives in the present study
(29 cases, 20% of group A) are justified for being cases
with medium stage SNHL (documented with BAEP).

Face muscles must be relaxed to explore this audi-
tory reflex in the NB. Therefore, a child crying cannot
be evaluated. As the infant becomes older than
6 months, it will inhibit or control this reflex at the cor-
tical level: at the first twist of the rattle, the CP-R is
shown, but the reflex becomes weaker in the second
and third tries. Some infants with neurological or visual
damage may lack CP-R inhibition when faced with this
noise evocation.

In NB, the blink reflex can also be caused by pho-
to-stimulation and used to evaluate visual pathways
and part of the function of the brain stem in this
modality''4,

BAEP represents the neurophysiological test of
choice in NB discharged from NICU and the standard
gold test for the evaluation of hearing in NB'7. NB with
normal hearing will have average BAEP results, and NB
and infants with SNHL will have BAEP without bilateral
response or only V wave at 95 dB nHL.
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The case-control design is a limitation of the study;
a cohort study should be designed to include the entire
population, with no exclusion criteria.

The clinical hearing evaluation in NICU-discharged
NB is not enough to exclude hearing loss. Although it
may be the only diagnostic tool for hearing loss in some
settings, it is important to consider its limitations.
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