REVIEW ARTICLE

Braz J Cardiovasc Surg 2025;40(1):e20230197
https://doi.org/10.21470/1678-9741-2023-0197

Prevalence of Hearing Loss After Open-Heart Surgery:

A Systematic Review

Khashayar Rezvani Emamzadehashemi', MD; Ezzat Paryad?, MSc; Arsalan Salari®, MD; Marzieh Jahani Sayad Noveiri?, PhD

'Department of Neurosurgery, Faculty of Medicine, Imam Khomeini Hospital, Urmia University of Medical Sciences, Urmia, Iran.
“Cardiovascular Diseases Research Center, Department of Cardiology, Heshmat Hospital, Department of Nursing, School of Nursing and Midwifery, Guilan University of

Medical Sciences, Rasht, Iran.

“Cardiovascular Diseases Research Center, Department of Cardiology, Heshmat Hospital, School of Medicine, Guilan University of Medical Sciences, Rasht, Iran

This study was carried out at the Department of Nursing, School of Nursing and Midwifery, Guilan University of Medical Sciences, Rasht, Iran.

ABSTRACT

Introduction: Today, due to the increase in the incidence of heart problems in
people, we see an increase in the number of heart surgeries worldwide. Hearing
disorders in the form of hearing loss have been reported as one of the side effects
of this kind of surgery in some studies. Considering the evidence of the effect of
open-heart surgery on patients’ hearing loss, this systematic review study was
conducted to determine the frequency of hearing loss after open-heart surgery.

Methods: To carry out this systematic review, studies that investigated
hearing loss after open-heart surgery in Iran and the rest of world, published
in Persian or English, and various international electronic databases including
PubMed®, Web of Science, Scopus®, and authentic Persian sources (e.g., Irandoc

Abbreviations, Acronyms & Symbols

CABG = Coronary artery bypass grafting

cl = Confidence interval

CPB = Cardiopulmonary bypass

DPOAE = Distortion product otoacoustic emissions
HFHL = High-frequency hearing loss

HL = Hearing loss

PHL = Pediatric hearing loss

PTA = Pure tone audiometry

sD = Standard deviation

SNHL = Sensorineural hearing loss

SNR = Signal to noise ratio

SRT = Speech reception threshold

TOAE =Transient evoked otoacoustic emission
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and Scientific Information Database) until the end of 2021 have been indexed.
Results: In the initial review, 46 of the 2230 initially searched articles had the
conditions for further review. After checking the articles' title and abstract and the
working method of the studies and removing duplicates and incomplete articles, a
total of 16 articles were included in the study. Then, their results were analyzed as
the frequency of hearing loss after open-heart surgery by age and sex.
Conclusion: The review of various studies confirms the fact that after open-heart
surgery, the existence of evidence of hearing changes is not far from expected.
Keywords: Hearing Loss. Deafness. Cardiac Surgical Procedures. Systematic
Review Study.

INTRODUCTION

Hearing is one of the most important senses in humans, and any
change in it will cause changes in health and quality of life. Six
point eight million people in the world face hearing problems
every year™, Normal hearing depends on the proper functioning
of the conductive transmission system of the middle ear, the health
of the biochemical and bioelectrical environment of the inner ear,
and the proper functioning of the central nervous system and
nuclei, and all of these depend on the normal functioning of the
vascular, hematological, and endocrine systems and metabolic
status, so any diseases affecting the mentioned systems can affect
the hearing system of a person™. In general, hearing disorders are
divided into two types: conductive hearing loss and sensorineural
hearing loss (SNHL). SNHL is a set of common hearing disorders
caused by dysfunction of the inner ear, auditory nerve, or auditory
processing pathway in the central nervous systemb. One of the
complications after surgery is SNHL, which according to previous
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studies has a prevalence of one in every thousand people®*”, and
often this hearing loss is sudden. The created hearing loss is not
completely reversible and can cause problems for the patients®.,
This disorder is uncommonly observed after open-heart surgery
when patients are placed under heart and lung bypass pumps®'©,
Some sources believe that the cause of hearing disorders after
admitting to the heart and lung bypass pump is caused by emboli
originating from the cardiopulmonary pump device®'. Therefore,
the use of a heart and lung bypass pump, which is necessary to
perform open-heart surgery, may be one of the vascular reasons for
SNHL following the use of cardiopulmonary bypass, which increases
the risk of sensorineural compromisel'2. As hearing loss after open-
heart surgery is an uncommon complication, Walsted et al"™¥, in
their study, mentioned only four cases of hearing loss, three right
after the surgery and one a week later. Some researchers believe
that the cause of hearing loss is the formation of an embolus or
a decrease in inner ear blood supply!* '\ In some studies, the
incidence of severe hearing loss after open-heart surgery has
been reported as 0.1%°'¥. Also, studies have shown that factors
such as the patient’s age, the decrease in central and peripheral
body temperature while using the heart and lung pumps, as
well as the drop in blood pressure while on these pumps, and
the duration of pump usage can affect hearing after open-heart
surgery™', Of course, some studies show that the role of open-
heart surgery on hearing loss is weak. In his study, conducted on
patients undergoing open-heart surgery in Turkey, Iriz concluded
that performing coronary artery bypass does not bring the risk
of hearing losst'?. The lack of agreement in this field indicates
the need for further investigations. Considering the increasing
number of coronary artery bypass grafting in Iran and the world
and the existence of evidence based on the effect of open-heart
surgery on the hearing loss of patients, as well as studies based on
the lack of effect of this surgery on the hearing status of patients,
very limited research has been conducted in this field. Therefore,
this review study was conducted to determine the frequency of
hearing loss based on audiometric data after open-heart surgery.

METHODS
Approval, Data Sources, String, and Inclusion Criteria

The current research project has been approved by the Research
Vice-Chancellor of Guilan University of Medical Sciences (IRGUMS.
REC.1401.191).

A systematic review was performed, in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (or PRISMA) guidelines.

The first step in this process was to search the following electronic
databases: MEDLINE, PsycINFO®, CINAHL, ISI Web of Science, and
Scopus®. Persian article databases (Scientific Information Database,
Irandoc, and Iran Mag) were also examined. The string used was
“Hearing Loss* OR Deafness AND Cardiopulmonary Bypasses”
No restrictions were used on the publication date or sample
size. All articles that met the inclusion criteria were included. The
second step was to examine and assess all the studies and reviews
obtained on this topic, and finally, to perform the same operation
for all the references cited in these studies. This stage was carried
out in such a way that at first the title and summary of the article
and the method of the study as well as the results were examined
by two researchers, and the selection of articles was done with
agreement.
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The following inclusion criteria were applied: (a) published
studies without a time limit until 2021; (b) studies that reported
the percentage of hearing loss after open-heart surgery; ()
observational and interventional studies with hearing loss criteria
based on audiometry; (d) the language used in the document
(English, Persian, and studies from other countries that had English
abstracts).

Studies in the form of case reports, letters to the editor, studies
presented in congresses, qualitative studies, news, as well as
studies whose results were not fully stated and articles that were
not complete were excluded from the study. The studies found
were listed and their compatibility with the criteria of this study
was examined by two researchers separately.

Coding of Results

The data collection form was designed and used for data extraction
electronically. In case of not having access to the full text of the
study, a request was made to receive the study from the central
library of the university, and if it was not available, it was removed
from the study. Two members of the team, independently,
performed the search, selection, and detailed reading of the
publications. In cases of disagreement, other researchers of the
group were consulted as well.

The following variables were considered and recorded (Table
1): (@) authors; (b) year of publication; (c) country of publication;
(d) language; (e) sample size; (f) percentage of hearing loss after
open-heart surgery; (g) sex and age of the sample population
(mean, standard deviation, median or range). Methodological
variables: (a) hearing loss measurement instrument; (b) design
of the studies. Main outcomes of hearing loss after open-heart
surgery: (a) results; (b) type of surgery; (c) time of connection to
the pump and studies quality score.

Quality Appraisal

Adescriptiveanalysis wasmade of the study variables thusincluded,
concerning the quality of each publication selected; to check the
quality of observational articles, a modified Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
tool was used. For interventional studies, a modified Consolidated
Standards of Reporting Trials (CONSORT) tool was used.

RESULTS

During the initial search, 2230 articles were found with the
investigated keywords. After reviewing the titles of the studies
and their abstracts, 46 articles entered the next stage of review. Of
these, 21 articles were removed due to duplication. The text of 25
articles was read completely, and five articles were excluded due
to lack of inclusion criteria (study design or lack of access to its full
text, which included a thesis and three article abstracts). Finally,
16 articles were selected for data analysis. The characteristics of
these studies are presented in Table 1. Out of 16 articles, three
were related to children undergoing open-heart surgery, which
included 1211 children aged between two and five years. There
were 13 articles related to adults, which included 7712 patients
with an age range of 20 to 81 years in terms of hearing loss after
open-heart surgery (Figure 1). In nine articles, the samples were
analyzed by sex. In these nine studies, 434 patients were male, and
156 patients were female. In a total of 8923 patients undergoing
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Records identified from
databases (n = 2230)

Identification
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Records screened (n = 25)

. Records removed before screening:
Irrelevance of the title (n = 2184)
Duplicated records (n = 21)
— Records excluded (n = 9)

Screening

(n=186)

Reports assessed for eligibility

Studies included in review
(n=186)

Included

Fig. 1 - Flowchart of articles screening process

open-heart surgery, hearing loss was reported in 431 (4.8%)
patients.

The minimum duration of surgeries reported in these studies was
21 minutes, and the maximum was 289 minutes.

DISCUSSION

In order to review the results of studies that investigated the
changes in hearing levels after open-heart surgery and answer
the question of whether open-heart surgery can affect the
hearing of patients, 7712 patients in the age range 20-81 years
and 1211 patients in the age range 2-5 years were included in
this systematic review study. In 12 out of 16 articles, the findings
indicated a significant difference in hearing before and after open-
heart surgery. In general, in a total of 8923 children and adults
undergoing open-heart surgery, hearing loss was reported in
about 5% of these patients. Considering this issue, it seems that
hearing loss after open-heart surgery can be a worrying issue.
Therefore, special attention should be paid to hearing status and
its possible changes as one of the complications of open-heart
surgery. The results of some studies showed that increasing the
duration of the patient’s stay on the cardiopulmonary bypass
pump can affect the occurrence of hearing loss in these patients2.,
Some studies have also pointed to factors such as the duration of
aortic cross-clamping, the presence of some underlying diseases,
simultaneous coronary artery transplant surgery, and heart
structural surgery in the occurrence of more hearing changes
following heart surgery!72021,

Also, the frequency of hearing loss in children aged two to five
years after open-heart surgery is estimated to be about 21.6%
in this study, which is very high in a population with a high life
expectancy. Special attention and follow-up of this complication
in this group are required. Human hearing is in the frequency range

of 20 to 20,000 Hz, and in most cases, hearing loss after open-
heart surgery affects the maximum hearing range, thus reducing
the patient’s ability to hear sounds with frequencies higher than
1,000 HZ®. In the case of patients who have been under the heart
bypass pump for a longer period of time, a greater decrease in
hearing range has been observed???. During the period when
patients undergo cardiac bypass for open-heart surgery, using a
heart and lung pump bypass, the blood pressure is maintained
at about 60 mmHg or even less?. Despite the decrease in body
temperature and in the metabolism affected by it, the decrease
in blood pressure may be associated with the decrease in blood
supply to some areas of the central nervous system, and the
change in senses after heart surgery is affected by the decrease
in blood supply to these areas. Since the inner ear needs an
oxygen-rich blood supply to function normally, insufficient blood
flow in the inner ear can contribute to hearing loss. The function
of auditory cilia in the cochlea requires proper blood circulation,
and the decrease in oxygen supply following the decrease in
blood pressure may affect their function. These conditions may be
associated with hearing loss after open-heart surgery*2¥, For this
reason, using a cardiopulmonary bypass pump for a long period
of time during open-heart surgery can provide the conditions
for the hearing loss of patients. Hearing loss can be classified as
SNHL, conductive hearing loss, or a combination of the two. SNHL
is more common than other types and occurs when the auditory
nerve or the cilia inside the cochlea do not receive adequate
blood supply®??.1n a study written about the effect of open-heart
surgery on patients' hearing, it is emphasized that the decrease in
sensorineural hearing in patients undergoing open-heart surgery
is not complete or severe™,

Although the change in hearing level after open-heart surgery
does not happen in all patients, it should be considered even in a
small percentage of patients because hearing is one of the main
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senses, and the change in this ability can cause patients to face
many problems after surgery. Due to the lack of available studies
on this condition, it seems that the information about it is also
insufficient. Perhaps it is for the same reason that the necessary
assessments on the comparison of hearing before and after
surgery are not carried out in almost any cardiac surgery center.
Another important finding in the present study is the difference
in the change of hearing ability according to sex; in most studies,
the change of hearing threshold in all frequencies and both ears
is more usual in men than in women. The results of the study
by Wang et al®" also showed that after men and women were
exposed to noise, the hearing loss of men was four times more
than that of women. Some studies have suggested a possible
reason for this difference in the protective role of estrogen in
WomenD,SZ,SS]'

The findings of this study have confirmed hearing changes in
some patients undergoing open-heart surgery. Based on this, it
can be suggested that one of the preoperative cares before open-
heart surgery is to check the hearing level of patients. In addition,
many patients undergoing coronary artery transplant surgery
suffer from diabetes, which can be associated with the destruction
of the end vessels that supply blood to the central and peripheral
nerves.

Limitations

Because the number of studies conducted on hearing changes
following open-heart surgery is minimal, and underlying diseases
such as diabetes, which seems to affect the results of surgeries, are
not mentioned in these studies, it was not possible to investigate
the effect and draw conclusions about it in the present study,
which can be a limitation. In addition, due to the dispersion of
the methods used in the studies included in the current research
and their scattered results, meta-analysis was not possible, which
could be another limitation of the current study.

CONCLUSION

The review of various studies confirms the fact that after open-
heart surgery, the existence of evidence of hearing changes in
patients is not far from expected, and based on this, it can be
suggested that one of the cares in patients who are candidates
for open-heart surgery is to check their hearing levels before the
operation.
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