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INTRODUCTION 

Hearing loss can serve as a potentially disastrous clinical problem in children surviving criti-

cal illness. Hearing dysfunction is usually classified into either conductive, sensorineural, or 

mixed type. Conductive hearing loss is related to abnormal sound conduction into the ex-

ternal and middle ear. In contrast, sensorineural loss results from damage of the inner ear or 

auditory nerve tracts [1,2]. 

Background: Hearing loss is a potentially serious complication that can occur after surviving a 
critical illness. Study on screening for hearing problems in pediatric critical care survivors beyond 
the neonatal period is lacking. This study aimed to identify the prevalence of abnormal hearing 
screening outcomes using transitory evoked otoacoustic emission (TEOAE) screening in children 
who survived critical illness and to find possible associating factors for abnormal hearing screening 
results. 
Methods: This study was a single-center, prospective, observational study. All children underwent 
otoscopy to exclude external and middle ear abnormalities before undergoing TEOAE screening. 
The screening was conducted before hospital discharge. Descriptive statistics, chi-square, and lo-
gistic regression tests were used for data analysis. 
Results: A total of 92 children were enrolled. Abnormal TEOAE responses were identified in 26 
participants (28.3%). Children with abnormal responses were significantly younger than those with 
normal responses with a median age of 10.0 months and 43.5 months, respectively (P<0.001). Pos-
itive association with abnormal responses was found in children younger than 12 months of age 
(adjusted odds ratio [OR], 3.07; 95% confidence interval [CI], 1.06–8.90) and children with under-
lying genetic conditions (adjusted OR, 6.95; 95% CI, 1.49–32.54). 
Conclusions: Our study demonstrates a high prevalence of abnormal TEOAE screening responses in 
children surviving critical illness, especially in patients younger than 12 months of age. More ex-
tensive studies should be performed to identify the prevalence and associated risk factors of hear-
ing problems in critically ill children. 
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Pediatric intensive care unit (PICU) survivors are exposed to 

multiple factors resulting in hearing dysfunction. Factors such 

as endotracheal tube securing techniques or positive pres-

sure ventilation via masks can result in external ear damage, 

obstruction, and inadvertent hearing dysfunction [1]. Head 

trauma diagnosis can lead to tympanic membrane perforation 

and/or injury of the auditory canal or inner ear labyrinth, re-

sulting in conductive and sensorineural hearing loss [3]. Local 

ear infection, systemic infection, and neurologic infection can 

also cause endotoxin-related damage to the inner ear [4-6]. 

Antimicrobials such as aminoglycosides can damage nonre-

generative outer hair cells in the cochlear basal turn, resulting 

in permanent high-frequency sensorineural hearing damage 

[7,8]. Other medications such as vancomycin, diuretics, cy-

clooxygenase inhibitors, and chemotherapeutic agents are 

also associated with hearing loss [1,9-11]. Procedures such as 

lumbar puncture are also implicated with hearing loss due to 

endolymphatic hydrops [12]. 

Routine audiological screening is widely accepted in normal 

neonates and is universally conducted in critically ill neonates 

as well. A two-stage protocol starting with transitory evoked 

otoacoustic emission (TEOAE) is initially used and followed by 

auditory brainstem responses (ABRs) in individuals with ab-

normal TEOAE screening responses. Both are validated tools 

for screening hearing dysfunction in neonates and children 

[13-15]. Both tools and otoscopy are used to detect hearing loss 

in critically ill neonates, with the prevalence ranging from 0.2% 

to 34.1% [16-20]. A study in critically ill adults also revealed the 

prevalence of hearing dysfunction using TEOAE to be as high 

as 37.3% [21]. To our knowledge, no study concerning hearing 

screening outcomes in critically ill children beyond the neo-

natal period has been conducted. Under-identification and 

failure to conduct appropriate management of hearing loss in 

children have an extensive economic impact as well, and also 

have potential detrimental effects on the individual child’s 

education, speech development, socialization, and emotional 

health [22]. 

As a part of a quality improvement service in our hospital, 

the post-intensive care morbidities monitoring service plans 

for physical, mental, cognitive, and social impairments after 

PICU discharge were jointly designed by pediatric intensivists, 

pediatric intensive care nurses, and developmental-behavioral 

pediatricians at our hospital. A hearing screening protocol was 

initiated as a part of this service plan along with this study in 

an attempt to alleviate the possible impacts of hearing loss. 

This study aimed to identify the prevalence of abnormal hear-

ing screening responses using TEOAE in PICU survivors aged 

from one month to 15 years of age and to find possible associ-

ating factors for abnormal hearing screening. 

MATERIALS AND METHODS 

Study Design 
This study was conducted as a prospective, observational 

study. The Ethics Committee of Human Research approved 

this research in compliance with the Declaration of Helsinki 

(No. MTU-EC-PE-6-068/62). Informed consent and assent 

were obtained from all parents and children participating in 

this study. 

Participants 
All children aged one month to 15 years of age admitted to the 

PICU for more than 24 hours from October 2019 to October 

2020 were enrolled. Our center is a tertiary care university hos-

pital, which also serves as a referral center. Our PICU is a six-

bed, mixed medical and surgical intensive care unit caring for 

infants and children from one month to 15 years of age. The 

annual admission rate of our PICU is approximately 150 to 200 

children. Exclusion criteria for the study included children 

with previously abnormal TEOAE or ABR hearing screening 

tests, a previous history of hearing loss, abnormal auricular fig-

ures, were unable to perform TEOAE, and/or refused consent.  

Data Collection  
Hearing screening was performed as early as possible after 

PICU discharge and before hospital discharge in a quiet room 

to reduce ambient noise. All participants underwent otoscopic 

examination performed by the investigators to rule out possi-

ble external ear and middle ear problems such as otitis media, 

tympanic membrane perforation, and/or cerumen impaction, 

as these conditions can lead to abnormal TEOAE responses 

that are unrelated to PICU treatment and environment. Chil-

■ Approximately 28.3% of the participants were found to 
have abnormal transitory evoked otoacoustic emission 
(TEOAE) screening responses.

■ Associations were found in children younger than 12 
months of age and in children with genetic comorbidi-
ties.

KEY MESSAGES
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dren with abnormal otoscopy examinations were subjected 

to treatment before conducting TEOAE screening. After 

treatment for abnormal otoscopic examinations, TEOAE was 

performed by certified audiologists using the Sentiero TEO-

AE screener (Screening/Diagnostic; Path Medical Solution, 

Germering, Germany) to assess hearing function. TEOAEs 

were measured in both ears of each individual. The non-linear 

protocol was used at a stimulus level of 85 dB peak equivalent 

sound pressure level. Short-term acoustic stimuli without 

direct component at 0.7–6 kHz were conveyed to the cochlea 

and the resulting cochlear response was recorded. Normal 

otoacoustic emission was reported as “pass” and the absence 

of otoacoustic emission was reported as “refer.” Admission 

diagnosis, demographic data, antimicrobial use, diuretic use, 

length of hospital stay, and length of PICU stay were collected 

from the case files. 

Statistical Analysis 
Demographic data were analyzed using median and percent-

ages. Categorical data were analyzed using chi-square tests to 

determine differences between the rates of abnormal hearing 

screening responses within each variable. Univariate and 

multivariate logistic regression were used to identify associ-

ating factors for an abnormal hearing screening. Crude odds 

ratio (OR) and adjusted OR were reported along with the 95% 

confidence interval (CI). Factors for confounder adjustment 

were potential factors that led to possible hearing dysfunction 

obtained from univariate analysis. A P-value <0.05 was consid-

ered statistically significant. All statistical analyses were per-

formed using SPSS ver. 24 (IBM Corp., Armonk, NY, USA). 

RESULTS 

Demographic Data 
A total of 106 participants fulfilled the inclusion criteria during 

the study period. Three participants were excluded due to a 

history of abnormal hearing tests, ten patients refused consent 

for medical information disclosure, and one participant had 

abnormal auricular figures. Thus, 92 participants were includ-

ed for analysis (Figure 1). Forty-seven participants (51.1%) 

were male. The median age of the cohort was 28.0 months 

with an interquartile range (IQR) of 8.2–72.2 months. Approx-

imately 29 children (31.5%) were younger than 12 months of 

age. Underlying comorbidities were identified in 56 children 

(60.8%) with the majority being cardiac comorbidities (34 chil-

dren; 37.0%). Twenty-one children (22.8%) were previously 

diagnosed with neurological deficits and nine children (9.8%) 

had underlying genetic comorbidities. 

The most common admission diagnosis was of the cardiol-

ogy group (38 children, 41.3%), mostly being post-operative 

cardiac surgery and congestive heart failure. Twenty-seven 

children (29.3%) were diagnosed with systemic infection and 

five children (5.4%) were diagnosed with a neurologic infec-

tion. Traumatic brain injury was diagnosed in four children 

(4.3%). 

Sixty-five participants (70.6%) were mechanically ventilated. 

All participants received orotracheal intubation. The median 

number of ventilator support days was 5.0 days (IQR, 2.0–10.0 

days). Twenty-seven participants (29.3%) were mechanically 

ventilated for more than seven days. Diuretics were used in 

42 children (45.6%). Approximately 35.7% of the cohort (33 

children) received at least one ototoxic antimicrobial. With-

in the subgroup of children receiving aminoglycosides (five 

children, 5.4%), all received medication for greater than sev-

en days, but none received the medication for greater than 

14 days. Lumbar puncture was performed in six individuals 

(6.5%). The median PICU stay was 5.0 days (IQR, 3.0–11.0 

days), and a total of 42 participants (45.6%) experienced pro-

longed PICU stays of greater than 7 days. The median Pediat-

ric Risk of Mortality (PRISM) III score was 2.5 (IQR, 0.0–6.7) 

[23]. Inotropic support was required in 50 children (54.3%) 

Figure 1. Population flowchart. PICU: pediatric intensive care unit; 
OAE: otoacoustic emission.

66 Normal OAE 
screening (71.7%)

26 Abnormal OAE 
screening (28.3%)

Excluded 
44 Short PICU stay <24 hr
14 Met exclusion criteria

3 Previous history abnormal hearing test
1 Abnormal auricular figures
0 Unable to perform OAE
10 Refused consent

150 Children aged 1 month to 15 years 
admitted to PICU

during the study period

92 Study population
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with a median vasoactive inotropic score (VIS) of 10.0 (IQR, 

6.7–26.0) [24]. The median hospital stay was 15 days (IQR, 

11.0–28.0 days). No family history of hearing problems was 

found within this cohort. Demographic data of the partici-

pants are summarized in Table 1. 

Hearing Screening Results and Associating Factors of 
Abnormal Hearing Screening Responses 
None of the participants had abnormal findings on otoscopic 

examination conducted before TEOAE screening. The median 

time for TEOAE testing was 7.0 days (IQR 3.0–9.0 days) after 

PICU discharge. Abnormal TEOAE screening responses were 

identified in 26 participants (28.3%). Participants with abnor-

Table 1. Demographic data of the participants
Variable All participants (n=92) Normal TEOAE screening (n=66) Refer TEOAE (n=26)
Age (mo)a 28.0 (8.2–72.2) 43.5 (9.0–83.7) 10.0 (7.0–28.7)
Age <12 moa 29 (31.5) 16 (24.2) 13 (50.0)
Sex
  Female 45 (48.9) 32 (48.5) 13 (50.0)
  Male 47 (51.1) 34 (51.5) 13 (50.0)
Underlying disease
  None 36 (39.2) 28 (42.4) 8 (30.8)
  Cardiology 34 (37.0) 26 (39.4) 8 (30.8)
  Geneticb 9 (9.8) 3 (4.5) 6 (23.1)
  Pulmonology 5 (5.4) 4 (6.1) 1 (3.8)
  Gastrointestinal 4 (4.3) 2 (3.0) 2 (7.7)
  Neurology 4 (4.3) 3 (4.5) 1 (3.8)
  Nephrology 3 (3.3) 1 (1.5) 2 (7.7)
  Endocrine 1 (1.1) 1 (1.5) -
Previous neurologic deficit 21 (22.8) 13 (19.7) 8 (30.7)
Genetic problema 9 (9.8) 3 (4.5) 6 (23.1)
Admission diagnosis
  Cardiology 38 (41.3) 30 (45.5) 8 (30.8)
  Pulmonology 23 (25.0) 14 (21.2) 9 (34.6)
  Neurology 13 (14.1) 11 (16.8) 2 (7.7)
  Gastrointestinal 7 (7.6) 3 (4.5) 4 (15.4)
  Infectious 4 (4.3) 4 (6.1) -
  Nephrology 2 (2.2) - 2 (7.7)
  Endocrinology 2 (2.2) 1 (1.5) 1 (3.8)
  Genetic 1 (1.1) 1 (1.5) -
  Trauma 1 (1.1) 1 (1.5) -
  Allergy 1 (1.1) 1 (1.5) -
Systemic infection 27 (29.3) 16 (24.2) 11 (42.3)
Neurologic infection 5 (5.4) 4 (6.1) 1 (3.8)
Traumatic brain injury 4 (4.3) 3 (4.5) 1 (3.8)
Medical diagnosis 30 (32.6) 23 (34.8) 7 (26.9)
Respiratory support
  None 6 (6.5) 6 (9.1) -
  Oxygen cannula 15 (16.3) 9 (13.6) 6 (23.1)
  Oxygen collar mask 1 (1.1) - 1 (3.8)
  High flow oxygen cannula 2 (2.2) 1 (1.5) 1 (3.8)
  Non-invasive mechanical ventilator 3 (3.3) 3 (4.5) -
  Mechanical ventilator 65 (70.6) 47 (71.3) 18 (69.2)

(Continued to the next page)
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Variable All participants (n=92) Normal TEOAE screening (n=66) Refer TEOAE (n=26)
PRISM III score 2.5 (0.0–6.7) 2 (0.0–7.2) 3.5 (0.7–6.5)
Inotropic support 50 (54.3) 33 (50.0) 17 (65.3)
Median VISc 10.0 (6.7–26.0) 10.5 (6.5–34.5) 10.0 (6.7–12.5)
Median ventilator day 5.0 (2.0–10.0) 5.0 (2.0–10.0) 6.5 (3.0–11.7)
Ventilator support >7 days 27 (29.3) 17 (25.7) 10 (38.5)
Median PICU stay (day) 5.0 (3.0–11.0) 5.5 (3.0–11.0) 5.0 (3.7–10.7)
PICU stay > 7 days 42 (45.6) 31 (47.0) 11 (42.3)
Median hospital stay (day) 15.0 (11.0–28.0) 15.0 (10.0–27.2) 19.0 (11.7–31.7)
Hospital stay >14 days 50 (54.3) 34 (51.5) 16 (61.5)
Ototoxic antibiotics 33 (35.7) 23 (34.8) 10 (38.4)
  Vancomycin 25 (27.1) 20 (30.3) 5 (19.2)
  Aminoglycoside 5 (5.4) 2 (3.0) 3 (11.5)
  Colistin 3 (3.2) 1 (1.5) 2 (7.7)
Diuretics use 42 (45.6) 29 (43.9) 13 (50.0)
Lumbar puncture 6 (6.5) 4 (6.0) 2 (7.7)

Values are presented as median (interquartile range) or number (%).
TEOAE: transitory evoked otoacoustic emission; PRISM: Pediatric Risk of Mortality [23]; VIS: vasoactive inotropic score; PICU: pediatric intensive care unit.
aP<0.05; bFour patients had both genetic underlying conditions and cardiac underlying conditions, thus were counted into both categories leading cumulative 
data exceeded 100; cDopamine (µg/kg/min)+dobutamine (µg/kg/min)+(10×milrinone [µg/kg/min])+(100×epinephrine [µg/kg/min])+(100×norepinephrine [µg/kg/
min])+(10×terlipressin dose [µg/min]) [24].

Table 1. Continued

mal TEOAE were significantly younger than those with normal 

TEOAE responses with a median age of 10.0 months (IQR, 

7.0–28.7 months) and 43.5 months (IQR, 9.0–83.7 months), 

respectively (P<0.001). Significantly higher proportions of 

abnormal TEOAE responses were found in children younger 

than 12 months of age (50.0% vs. 24.2%; P=0.017) with crude 

OR of 3.12 (95% CI, 1.20–8.10; P=0.017). Children with genet-

ic comorbidities were more likely to have abnormal TEOAE 

responses (23.1% vs. 4.5%; P=0.007) with a crude OR of 6.30 

(95% CI, 1.44–27.52; P=0.007). Previous neurological deficits, 

systemic infection, neurologic infection, and traumatic brain 

injury were not associated with abnormal TEOAE responses. 

Respiratory support devices, mechanical ventilation use, and 

inotropic utilization were comparable among groups. 

The severity among participants with and without abnormal 

TEOAE responses measured by PRISM III were not significant-

ly different (3.5 [IQR, 0.7–6.5] vs. 2.0 [IQR, 0.0–7.2]; P=0.905). 

The median VIS, PICU duration, mechanical ventilation du-

ration, and hospital duration were not significantly different 

among groups. There was no statistically significant difference 

in ototoxic antimicrobial utilization in patients with and with-

out abnormal TEOAE responses (34.8% vs. 38.4%, respectively; 

P=0.745). In the subgroup of children receiving aminoglyco-

sides, there was a higher proportion of children having abnor-

mal TEOAE responses when compared to those who had nor-

mal responses, but this finding was not statistically significant 

(11.5% vs. 3.0%; P=0.107; crude OR, 4.17; 95% CI, 0.65–26.59). 

Diuretics were used in 29 children (43.9%) with normal TEO-

AE responses and 13 children (50.0%) with abnormal TEOAE 

responses (P=0.599). Demographic data, treatment, and sever-

ity among groups are described in Table 1. Univariate analysis 

is demonstrated in Table 2. 

After adjustment for age, genetic comorbidities, and amino-

glycoside utilization, children younger than 12 months of age 

were significantly associated with abnormal TEOAE responses 

with an adjusted OR of 3.07 (95% CI, 1.06–8.90; P=0.039). Chil-

dren with genetic comorbidities were also significantly asso-

ciated with abnormal TEOAE responses (adjusted OR, 6.95; 

95% CI, 1.49–32.54; P=0.014). Multivariate logistic regression 

analyses are summarized in Table 3. 

DISCUSSION 

The prevalence of abnormal TEOAE screening responses in 

this cohort was substantially high at 28.3%. To our knowledge, 

this study is the first to date aimed to identify the prevalence of 

abnormal TEOAE screening responses in critically ill children 

beyond the neonatal period. Results shown here are slightly 

lower than what was found in a study of critically ill adults 

by Hamill-Ruth et al. [21] that reported abnormal TEOAE re-
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sponses at 37.3%. Compared to the two large cohort studies in 

critically ill neonates by van Dommelen et al. [16,17] in 2010 

and 2015, this cohort revealed a higher prevalence of abnor-

mal hearing tests. The possible explanation might be due to 

different testing methods used in the studies and different 

population groups. Our study used TEOAE, which is more 

readily available in our center, rather than the ABR, which re-

quired a more extended period of appointment. 

Critical illness, antimicrobials, ototoxic medications, and 

loud ambient noise in the intensive care environment were 

reported to negatively impact PICU patient hearing and 

might even cause hearing impairment [1,3-12,25]. Impaired 

auditory acuity in PICU survivors is a potentially disastrous 

condition that can affect multiple aspects of the children’s 

lives post-intensive care. A study by the World Health Orga-

nization reported an impact on speech development, social-

ization, and mental and emotional health of the child with 

hearing dysfunction [22]. Routine audiological screening is 

currently well-accepted and conducted in all neonates, espe-

cially those surviving neonatal intensive care. Nevertheless, 

this condition may be overlooked in critically ill children 

beyond the neonatal period even though they are exposed to 

similar hearing impairment risks. The early detection of hear-

ing dysfunction might be beneficial to both the patients and 

the practitioners.  

From this cohort, younger PICU survivors (<12 months of 

age) and those with genetic comorbidities were at higher risk 

for abnormal hearing screening responses. A higher negative 

impact of hearing dysfunction could be implicated in these 

children within the phase of speech development. Six children 

with underlying genetic conditions were found to have abnor-

mal TEOAE responses. Children with genetic syndromes are 

often associated with hearing dysfunction, but these children 

had no previous history of abnormal hearing screening tests 

before PICU admission. It might also be possible that factors 

associated with critical illness might exacerbate underlying 

hearing dysfunction. Furthermore, children with genetic con-

ditions might also suffer from other developmental problems, 

and hearing dysfunction might lead to further developmental 

dysfunction. 

Unlike other previous studies, there was no association with 

abnormal hearing screening responses with diuretic use, oto-

toxic medication, positive pressure ventilation, epidural pro-

cedures, systemic infection or neurologic infection, prolonged 

mechanical ventilation, or traumatic brain injury in this study 

[1,3-12]. However, there was a non-statistically significant 

trend of abnormal TEOAE responses in children receiving 

aminoglycosides with a crude OR of 4.17 (95% CI, 0.65– 26.59). 

These non-statistically significant findings might be due to 

the small number of participants in this cohort receiving 

aminoglycosides. Due to the high crude OR for the trend of 

abnormal TEOAE responses with aminoglycoside utilization, 

aminoglycoside use was included in the multivariate analysis 

despite the non-statistically significant univariate analysis. The 

numbers of children receiving epidural procedures, having a 

neurologic infection, and traumatic brain injuries were also 

too small to obtain enough power to determine statistical sig-

nificance. 

There are several limitations to this study. The ABR should 

be conducted promptly at the same time as the abnormal 

TEOAE response to strengthen the confirmation of hearing 

dysfunction and to identify the locus of auditory pathology in 

Table 2. Univariate analysis of associating factors for abnormal TEOAE 
responses
Variable Crude odds ratio (95% CI) P-value
Age <12 mo 3.12 (1.20–8.10) 0.017
Female 0.94 (0.38–2.33) 0.896
Neurologic abnormality 1.81 (0.65–5.08) 0.255
Genetic abnormality 6.30 (1.44–27.52) 0.007
Systemic infection 2.29 (0.88–5.99) 0.087
Neurologic infection 0.62 (0.07–5.82) 0.673
Traumatic brain injury 0.84 (0.08–8.46) 0.882
Lumbar puncture 1.29 (0.22–7.52) 0.775
PICU stay >7 day 0.83 (0.33–2.07) 0.686
Hospital stay >14 day 1.51 (0.60–3.80) 0.385
Ventilator support >7 day 1.80 (0.69–4.72) 0.228
Inotropic support 1.89 (0.74–4.84) 0.182
Ototoxic antibiotics 1.17 (0.46–2.99) 0.745
Aminoglycoside use 4.17 (0.65–26.59) 0.107
Diuretic use 1.28 (0.51–3.17) 0.599

TEOAE: transitory evoked otoacoustic emission; CI: confidence interval; PICU: 
pediatric intensive care unit.

Table 3. Multivariate analysis of associating factors for abnormal 
TEOAE responses
Variable Adjusted odds ratio (95% CI) P-value
Age <12 mo 3.07 (1.06–8.90) 0.039
Genetic abnormality 6.95 (1.49–32.54) 0.014
Aminoglycoside use 1.82 (0.23–14.15) 0.566

Adjusted for age <12 months, genetic abnormalities, and aminoglycoside 
use.
TEOAE: transitory evoked otoacoustic emission; CI: confidence interval.
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the PICU survivors. Nonetheless, at our center, ABR was not 

readily available and thus required the long waiting period. 

Furthermore, patient status and timing of TEOAE also played 

a role in the results of our study. There were still a number of 

PICU survivors who continued to require high flow nasal can-

nula support after being discharged from the PICU. High levels 

of ambient noise at the time of examination due to the high 

flow nasal cannula might have impeded testing, leading to var-

ious TEOAE screening timing intervals after PICU discharge. 

Despite our attempt to minimize the time of testing after PICU 

discharge, the median time for TEOAE testing was 7.0 days 

(IQR, 3.0–9.0 days). Thus, with varied timing, the intensive 

care management and environment might not fully explain 

the abnormal hearing screening responses. Nevertheless, we 

did not find a statistically significant difference in hospital ad-

mission duration among children with and without abnormal 

TEOAE responses. The proportion of children admitted to the 

hospital for more than 14 days were not statistically different 

among groups. Early testing might also underestimate or miss 

those with delayed-onset sensorineural hearing loss. A study 

by Fligor et al. [26] revealed that 48% of neonatal extracorpore-

al membrane graduates who received audiological screening 

had delayed-onset sensorineural hearing loss. Moreover, with 

a small population size for subgroup analysis, we might have 

underestimated the association of factors with an abnormal 

hearing screening. 

Supratherapeutic serum concentrations and prolonged use 

of aminoglycosides for longer than 14 days were shown to 

increase patient risk of ototoxicity [26-28]. All patients within 

this cohort received aminoglycosides for more than seven 

days, but none received for greater than 14 days. Furthermore, 

serum aminoglycoside concentrations were not monitored, 

which led to another limitation of this study.  

Despite limitations, our study demonstrates a high preva-

lence of abnormal hearing screening responses in children 

surviving critical illness, especially those younger than 12 

months of age and those with genetic abnormalities. More 

extensive studies should be performed to further identify 

the associated risk factors of hearing problems in critically ill 

children. Further testing such as ABR is useful in confirming 

hearing loss and defines the nature and the severity of deficits. 

Additional study is needed to further elucidate the impact on 

communication, distress, and mental status of critically ill chil-

dren with hearing loss.  
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