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Background: Patients undergoing intensive care are exposed to risk factors for hearing impairment. This
study assessed the worse changes in pure tone average (PTA) thresholds after intensive care and iden-
tified the factors associated with worse hearing function.
Methods: We conducted a single-centre retrospective study, and included adult patients admitted to the
intensive care unit (ICU) of Kurashiki Central Hospital between January 2014 and September 2019, who
had regular pure tone audiometry performed before and after ICU admission. Correlations between
changes in PTA threshold and patient characteristics, were evaluated. The included ears were classified as
those with worse hearing (>10 dB increase in the PTA threshold) and those without worse hearing, and
the baseline characteristics were compared.
Results: During the study period, 125 ears of 71 patients (male:female ratio, 35:36; mean age, 72.5 ± 12.3
years) met the eligibility criteria. Age, sex, and the use of furosemide were not correlated with changes in
PTA threshold. Univariate analysis showed that ears with worse hearing were associated with a lower
serum platelet count than ears without worse hearing (153 ± 85 � 109/L vs. 206 ± 85 � 109/L, respec-
tively; P ¼ 0.010), and the rate of planned ICU admission (elective surgery) was higher in the worse
hearing group (57.1% vs. 28.8%, respectively; p ¼ 0.011).
Conclusions: Age, sex, and the use of furosemide did not have adversely affect hearing function. Low
serum platelet count and planned admission appear to be risk factors for worse hearing.

© 2021 PLA General Hospital Department of Otolaryngology Head and Neck Surgery. Production and
hosting by Elsevier (Singapore) Pte Ltd. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).
1. Background

Patients in an intensive care unit (ICU) setting are exposed to
some of the risk factors for sensorineural hearing dysfunction
(Hamill-Ruth et al., 2003). Loop diuretics, which are well-known
ototoxic medications (Ho et al., 2006; Ding et al., 2016), are
frequently prescribed to patients in the ICU (de Louw et al., 2015).
Unstable conditions, including dehydration and dysrhythmia, also
cause sensorineural hearing dysfunction (Luan et al., 2019;
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Schmutzhard et al., 2013). Previous studies have evaluated hearing
dysfunction in neonatal intensive care units, and audiological
screening is performed routinely in these patients (Wang et al.,
2008; Bonfils et al., 1992). However, few studies have assessed
the adverse effects on hearing function in adult ICU patients.

Admission to the ICU is generally unexpected, and it is difficult
to obtain a pre-ICU admission hearing function test; in turn, this
makes it difficult to assess whether hearing dysfunction after
discharge from the ICU is new. Hamill-Ruth et al. conducted a
screening protocol in patients admitted to the surgical ICU, and
reported that 58.4% of the patients had auditory impairment based
on distortion product otoacoustic emission (DPOAE) (Hamill-Ruth
et al., 2003). However, their study did not include pre-ICU admis-
sion hearing function tests, and it was unclear whether the patients
had pre-existing or new-onset hearing dysfunction that occurred in
the ICU.
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Patients in the ENT department regularly undergo audiometry
for disease monitoring. Some of our patients were admitted to the
ICU, and the adverse effects of intensive care on hearing function
could be evaluated based on changes in audiometry between pre-
and post-ICU admission. Therefore, we conducted a retrospective
pilot study to assess the adverse effects of intensive care on hearing
function using the data from these patients.
2. Methods

This single-centre retrospective observational study assessed
changes in hearing function in patients undergoing intensive care.
We hypothesized that intensive carewould have negative effects on
hearing function. We also evaluated the patient characteristics
associated with worse hearing.
2.1. Study population

This study was conducted at Kurashiki Central Hospital, an ur-
ban tertiary hospital that serves 800,000 people in thewestern area
of Okayama Prefecture, Japan. There are approximately 70,000
visits to the hospital emergency department annually. Kurashiki
Central Hospital has five ICU units (ICU, emergency ICU, coronary
care unit-cardiology, coronary care unit-surgery, and the stroke
care unit [SCU]). To avoid effects of intracranial disease, we
included all ICUs except the SCU. Patients were included if they
were �20 years old, were admitted to the ICU between January
2014 and September 2019, and had audiometry within 5 years
before and after ICU admission. Hearing impairment is usually
classified as conductive or sensorineural. Conductive hearing loss is
treated medically or surgically (e.g., eardrum ventilation for effu-
sion, ossicle chain reconstruction), and about 40% of patients in the
ICU setting have transient middle ear effusion (Hamill-Ruth et al.,
1998, 2003). We assessed the adverse effects of intensive care on
the inner ear, and therefore excluded ears with conductive hearing
loss (e.g., auditory canal edema and otitis media effusion). We also
excluded ears with active otological disease that would change the
pure tone audiometry results, as well as ears that were deaf before
ICU admission.
2.2. Measurement of hearing function and data collection

Pure tone averages (PTAs) were obtained via pure tone audi-
ometry before and after ICU admission. Audiometry was performed
in a soundproof room according to the standard protocol of the
Japan Audiological Society and related international standards
(Matsuhira 2009). According to published guidelines (Gurgel et al.,
2012; Committee on Hearing and Equilibrium 1995), PTAs were
calculated using 0.5-, 1-, 2-, and 4-kHz air conduction thresholds.
Data on patient characteristics at ICU admission and the otological
findings (e.g., otoscopy and audiometry) were also collected
retrospectively by chart review.

We collected data on patient age at ICU admission, as well as ex,
body mass index, comorbidities (hypertension and diabetes),
length of ICU stay, Sequential Organ Failure Assessment (SOFA)
score-related variables (use of vasopressor drugs, PaO2/FiO2 ratio,
serum platelets, serum bilirubin, Glasgow Coma Scale), and type of
admission (unplanned [emergency] or planned [elective surgery]).
The SOFA score assesses the function six organ systems, i.e. the
respiratory, cardiovascular, hepatic, coagulation, renal and neuro-
logical systems, and the worst value in a 24-h period were
collected.
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2.3. Statistical analysis

Baseline variables with normal distributions are reported as the
mean and standard deviation (SD), and those with a skewed dis-
tribution are reported as the median and interquartile range (IQR).
To assess the correlations between the changes in PTA thresholds
and patient characteristics, we used Pearson’s correlation test for
age and the dose of furosemide, and Student’s t-test for sex. To
identify factors with adverse effects on hearing function, we clas-
sified ears as ears with worse hearing (>10 dB increase in the PTA
threshold) or ears without worse hearing. The two groups were
compared using Student’s t-test and the chi-square test. The
institutional review board of Kurashiki Central Hospital approved
this study (No 3433).

3. Results

3.1. Patient characteristics and changes in PTA thresholds

During the study period, 17,863 adult patients were admitted to
the included ICUs, and 79 patients met the eligibility criteria. Of
these 79 patients, 125 ears of 71 patients (male:female ratio, 35:36;
mean age, 72.5 ± 12.3 years) met the inclusion criteria; Fig. 1 pro-
vides a flow diagram. The baseline characteristics of the included
ears are shown in Table 1. The reasons for ICU admission were in-
fectious disease (n¼ 7), bleeding (n¼ 9), metabolic disease (n¼ 7),
cardiovascular disease (n ¼ 14), postoperative management
(n ¼ 26), pulmonary disease (n ¼ 2), trauma (n ¼ 1), and others
(n ¼ 5). Audiometry was performed a median of 298 days (IQR
54e733 days) before ICU admission and a median of 67 days (IQR:
14e237 days) after ICU discharge. The reasons for audiometry were
routine testing (e.g. routine health check-up) (n ¼ 70), audiological
complaints (e.g. tinnitus), and enrolment in another clinical trial
(n ¼ 45).

The details of the changes in PTA threshold were as follows: 45
ears had a � �10 dB and �0 dB change in the PTA, 59 ears had a
>0 dB and <10 dB change in the PTA, 17 ears had a >10 dB and
�20 dB change in the PTA, and four ears had a >20 dB change in the
PTA (Fig. 2).

3.2. Sex, age, and, changes in PTAs

The mean change in PTA threshold was 4.14 ± 5.93 in women
and 4.03 ± 8.60 in men. Themean difference was 0.11 (95% CI�2.55
to 2.77), which was not statistically significant (p¼ 0.934). Changes
in PTA threshold tended to be larger in older patients, but therewas
no significant correlation with age (r ¼ 0.091, p ¼ 0.311) (Fig. 3).

3.3. Ototoxic medications and changes in PTAs

The total dose of furosemide during the ICU stay and changes in
PTA threshold are shown in Fig. 4. The dose of furosemide was not
correlated with changes in PTA threshold. Aminoglycosides are also
ototoxicmedications (Hong et al., 2020), but no patients included in
this study were treated with these agents.

3.4. Patient characteristics associated with worse hearing

The modal value of the change in PTA threshold was 0 dB, and
changes were mostly in the range of �10 to 10 dB. Therefore, we
defined worse hearing as a >10 dB increase in the PTA threshold
after ICU admission. We compared the ears with worse hearing and
those without worse hearing (Table 2). Of the 125 included ears, 21
(16.8%) had worse hearing. Age at ICU admission and sex were
similar between the two groups. The serum platelet count was



Fig. 1. Flow diagram of patients’ selection.
During the study period, 17,863 patients had intensive care, and the chart review identified 79 patients who had pure tone audiometry before and after ICU admission. Of the 79
patients, 125 ears from 71 patients were included in analysis, and the reasons for exclusion were shown.

Table 1
Baseline characteristics of the patients included in the study.

Variables

Number 71
Age at ICU admission (mean, SD) 72.5 ± 12.3
Sex (male/female) 58/67
Body mass index (mean, SD) 23.6 ± 5.07
Comorbidities
Hypertension (number, %) 45 (63.4%)
Diabetes (number, %) 18 (25.4%)

SOFA score (mean, SD) 2.70 ± 2.42
Length of stay in ICU (median, range) 2 (1e16)
Length of stay in hospital (median, range) 17 (4e71)
Types of ICU admission
Planned admission (elective surgery) (number, %) 25 (35.2%)
Emergency (number, %) 46 (64.8%)

Number of ears 125
PTA before ICU admission (dB)
�30 (number, %) 41 (32.8%)
>30 (number, %) 84 (67.2%)

ICU, intensive care unit; PTA, pure tone average; SD, standard deviation; SOFA,
Sequential Organ Failure Assessment.

Fig. 2. Number of ears by the change in PTA thresholds.
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Fig. 3. The change in PTA thresholds and age at ICU admission.

Fig. 4. The change in PTA thresholds and dose of furosemide.
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lower in the ears with worse hearing than ears without worse
hearing (153 ± 85 � 109/L vs. 206 ± 85 � 109/L, respectively;
p ¼ 0.010), but the SOFA score was similar between the two groups
(2.76 ± 2.07 vs. 2.77 ± 2.54, respectively; p ¼ 0.990).

The rate of planned admissionwas higher in the ears with worse
hearing, and the incidence of worse hearing was about threefold
higher in ears with planned admission compared to emergency
admission (28.6% [12/42] vs.10.8% [9/83], respectively). The reasons
for planned admissionwere thoracic surgery (33 ears) and others (9
ears), which had respective changes in PTA threshold of 4.51 ± 8.33
and 3.33 ± 8.17. The association of the change in PTAs, serum
147
platelet, and type of admission are shown in Fig. 5.

4. Discussion

The results in this study indicated that hearing functionwas not
damaged by intensive care in most cases, although 16.8% of the ears
had worse hearing (>10 dB increase in the PTA threshold after
discharge from the ICU). Low platelet count and planned admission
(elective surgery) were associated with worse hearing outcomes.

It has long been known that intensive care can have adverse
effects on hearing function, but this was not considered important
because of the low survival rate of ICU patients. Improvement in the
survival rates of ICU patients has shifted the focus of outcomes in
critical care medicine from short-term mortality to long-term
health status (Needham et al., 2012). Audiological hearing
dysfunction is associated with cognitive impairment, depression,
and reduced well-being (Gao et al., 2020; Lin et al., 2013), and so
would affect the long-term health status of ICU survivors. In addi-
tion, a previous study suggested that hearing impairment is a risk
factor for post-intensive care syndrome (PICS). PICS affects at least
half of all survivors after intensive care (Pandharipande et al., 2013),
and only 38% of patients with hearing impairment show functional
recovery within 6 months after ICU admission (Ferrante et al.,
2016).

Hamill-Ruth et al. conducted an audiological screening program
in a surgical ICU, and found that about 58.4% of ears of ICU patients
had hearing loss, defined based on DPOAE (Hamill-Ruth et al.,
2003). Although hearing worsened in 16.8% of ears in ICU pa-
tients, the difference could be explained by differences in mea-
surement timings and hearing loss definitions between the two
studies. Hamill-Ruth et al. measured hearing loss on ICU admission,
while we performed measurements after discharge from the ICU.
ICU patients had transient middle ear effusion (Hamill-Ruth et al.,
1998), which would have resulted in a higher rate of hearing loss
in the study by Hamill-Ruth et al. compared to the present study.
This study defined worse hearing as a >10 dB increase in the PTA
threshold, while Hamill-Ruth et al. defined hearing loss as a >30 dB
increase in the PTA threshold. The prevalence of hearing impair-
ment increases with age (Goman et al., 2020), and the high rate of
hearing loss in the study of Hamill-Ruth et al. could be explained by
pre-existing hearing loss (i.e., before ICU admission).

There are a number of uncertainties regarding the mechanisms
of hearing loss in the ICU, although several mechanisms have been
proposed, including microemboli, perfusion abnormalities, hyper-
coagulability, and ototoxic drugs (Hamill-Ruth et al., 2003; Ho et al.,
2006; Ding et al., 2016; Iriz et al., 2008; Young et al., 1987). In this
study, there was no correlation between the dose of furosemide
and change in PTA threshold, and the rate of use of vasopressor
drugs was similar between ears with and without worse hearing.
The SOFA score, which assesses dysfunction in six vital organ sys-
tems, was similar between ears with and without worse hearing,
although the serum platelet count was lower in ears with worse
hearing. As part of the SOFA, the serum platelet count is measured
for assessing dysfunction of the coagulation system. The incidence
of worse hearing was higher in cases of planned admission than
emergency admission. Of the ears with planned admission (elective
surgery), 78.6% (33/42) underwent thoracic surgery. Patients with
thoracic surgery tend to have abnormal coagulation and associated
organ dysfunction (Iriz et al., 2008; Kozek-Langenecker et al., 2013).
The significant group difference in serum platelets suggests that
dysfunction of the coagulation system (e.g. hypercoagulability and
microemboli) could explain the results of this study. The duration
of ICU stay was shorter in ears with worse hearing; therefore, the
worse hearingwould be caused by the condition of the patients, not
the environments of ICU.



Table 2
Comparison between ears with and without worse hearing.

Ears without worse hearing Ears with worse hearing P-value

Age at ICU admission (years) (mean, SD) 71.9 ± 12.9 74.7 ± 9.4 0.350
Male (number, %) 47 (45.2%) 11 (52.4%) 0.717
Body mass index 23.3 ± 4.6 24.9 ± 7.8 0.207
PTA before ICU admission 41.9 ± 20.9 42.2 ± 16.2 0.944
Comorbidity
Hypertension (number, %) 63 (60.6%) 17 (81.0%) 0.086
Diabetes (number, %) 27 (26.0%) 8 (38.1%) 0.291

ICU stay (days) (mean, SD) 3.36 ± 3.62 2.67 ± 3.24 0.212
SOFA score 2.77 ± 2.54 2.76 ± 2.07 0.990
Use of vasopressor drugs (number, %) 16 (15.4%) 3 (14.3%) 0.898
PaO2/FiO2 ratio 324.0 ± 134.0 377.0 ± 134.5 0.105
Serum platelets ( � 109/L) 206 ± 85 153 ± 85 0.010
Serum bilirubin (mg/dL) 0.90 ± 1.73 0.59 ± 0.42 0.415
Glasgow Coma Scale score � 14 (number, %) 13 (13.4%) 8 (28.6%) 0.083

Serum creatinine (mg/dL) 1.74 ± 2.30 1.30 ± 1.01 0.393
Type of admission 0.011
Unplanned (emergency) (number, %) 74 (71.2%) 9 (42.9%)
Planned (elective surgery) (number, %) 30 (28.8%) 12 (57.1%)

ICU, intensive care unit; PTA, pure tone average; SOFA, Sequential Organ Failure Assessment.

Fig. 5. The change in PTA thresholds, serum platelet, and type of admission.
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This study had some limitations. Firstly, we only included pa-
tients who underwent routine audiometry pre- and post-ICU
admission, so there may have been some selection bias. However,
it should be noted that no study has reported an association be-
tween routine audiometry and poorer hearing function. Never-
theless, it is unclear whether the results can be extrapolated to the
general population. Secondly, we did not record the noise levels in
the ICUs. A survey in Japan reported that noise levels in an ICU room
exceeded 80 dB (Ito et al., 2018), which could damage patient
hearing. However, this study was retrospective and the noise levels
in our hospital were not recorded; therefore, we could not evaluate
them as a potential risk factor for worse hearing. A longer ICU stay
would obviously be associatedwith longer-duration noise exposure
in the ICU, but the length of ICU stay tended to be shorter in ears
with worse hearing in this study. Therefore, any role of ICU noise in
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worse hearing would have been small in this study. Thirdly, we
excluded ears with active otological disease, but could not exclude
all factors that may have influenced hearing function. Patients may
be exposed to a number of risk factors, including environmental
and dehydration during the ICU stay, but we could not collect data
regarding these factors. Finally, we analyzed PTA data, which were
obtained for the first time after ICU admission. This was done
because PTA threshold levels decrease with age and we wanted to
avoid any influence of factors other than ICU stay. It should be noted
that elevation of PTA threshold may be reversible depending on the
cause (e.g. furosemide). A longitudinal cohort study with longer
observation periods is needed to further assess changes of PTA
threshold. Similarly, further well-designed prospective observa-
tional studies are required to confirm our findings regarding ICU-
related sensorineural hearing dysfunction.

5. Conclusion

In conclusion, age, sex, and use of furosemide did not have
adverse effects on hearing function after discharge from the ICU. Of
the 125 included ears, 21 (16.8%) showed adverse changes in the
PTA threshold, and low serum platelet count and planned admis-
sion were risk factors for worse hearing after discharge from the
ICU.
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