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ABSTRACT

Background: Cochlear implantation is a critical intervention for patients with severe to profound
sensorineural hearing loss. However, imaging patients with cochlear implants (CIs) presents significant
health risks, often due to insufficient awareness and knowledge among technologists and radiologists.
Complications such as device heating and cochlear flipping have been reported, highlighting the
importance of proper understanding during imaging procedures. This study aims to evaluate the knowledge
level of technologists and radiologists in Saudi Arabia concerning the health risks associated with imaging
cochlear implant (CI) patients.

Methods: A cross-sectional study was conducted involving 80 participants, including radiologists,
technologists, and technicians from various hospitals in Riyadh, Saudi Arabia. A questionnaire was
administered across eight randomly selected hospitals. Data were analyzed using IBM SPSS v24, with
Chi-square tests applied to assess statistical significance.

Results: The Chi-square test results indicated a significant relationship between the participants'
knowledge and the type of hospital regarding certain technical aspects (P < 0.001). However, the overall
knowledge level of technologists and radiologists was found to be similar, underscoring the need for
enhanced education and training in cochlear implant imaging procedures.

Conclusions: The study reveals a notable gap in knowledge among technologists and radiologists in
Riyadh, Saudi Arabia, regarding the health risks associated with imaging patients with CIs. These findings
emphasize the necessity for improved educational initiatives to effectively mitigate these risks.
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Introduction

Cochlear implantation (CI) is an advanced
prosthetic intervention designed to treat individuals
with severe to profound sensorineural hearing loss.
The device consists of two components: an internal
portion surgically implanted beneath the skin and
an external portion that sits behind the ear. Unlike
hearing aids, which amplify sound to make it
detectable by damaged ears, CI bypass the
impaired parts of the ear and directly stimulate the
auditory nerve, offering a more effective solution
for certain cases of hearing impairment. Cls are
suitable for both adults and children with
significant hearing loss.!?.

Saudi Arabia has one of the highest rates of hearing
impairment globally, with prevalence reaching up
to 10%, partly due to consanguineous marriages.
Approximately 4% of the population with hearing
impairment requires cochlear implants. The
majority of Cl recipients are children or individuals
with congenital hearing loss due to genetic factors.
The Cochlear Implant Center at King Fahd General
Hospital in Jeddah performs approximately 50 to
60 cochlear implant procedures annually, with
plans to increase this number as implant
technology becomes more widely available. ©)
Al-Sayed © conducted a study at King Abdulaziz
University Hospital (KAUH) in Riyadh from 2012
to 2014 examined children aged 3 months to 12
years with hearing impairment, infants younger
than 3 months were excluded due to safety
concerns, while children older than 12 years were
not included as the center did not routinely perform
cochlear implants on this age group. The study
highlighted that, although the entire population has
access to primary health care, geographic location
affects the timing of hearing loss detection but does
not influence the timing of cochlear implantation.
The findings underscore the urgent need for
implementing  newborn  hearing  screening
programs in Saudi Arabia, along with educational
initiatives for parents to emphasize the importance
of early cochlear implantation.

Bader Alkhatani ) conducted a study to assess the
quality of life of children in Saudi Arabia with Cls
from the perspective of their parents. The study
focused on several key areas, including
communication abilities, social skills, academic
achievement, future life adaptation, rehabilitation
knowledge, and stress related to hearing loss.
Utilizing a quantitative approach, the research
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involved administering a questionnaire to the
parents of 103 children with Cls. The results
indicated high expectations in areas such as
communication, social skills, academic
performance, future adaptation, and understanding
of rehabilitation. Nonetheless, parents experienced
considerable stress associated with their children’s
hearing impairment. Pearson’s correlation and
linear regression analyses were employed to
examine the relationships between the
characteristics of the implanted children and
various factors impacting their quality of life.
Computed tomography (CT) is a preferred imaging
modality for patients with CI due to its ability to
provide detailed 3D positional information and
superior contrast. However, standard CT protocols
can be affected by beam hardening artifacts,
particularly when radio-dense materials such as CI
electrodes are present in the field of view. Despite
this challenge, digital image processing techniques
have been developed to enhance image quality. CT
imaging offers the best visualization of electrode
placement by providing a 3D view of the temporal
bone, allowing precise estimation of electrode
positions. 10

Currently, high-resolution CT (HRCT) has become
the standard imaging modality for post-
implantation  assessment, offering detailed
visualization necessary for evaluating electrode
placement. To mitigate the beam hardening
artifacts associated with standard CT protocols,
advanced image processing methods, such as
iterative reconstruction techniques, are employed.
These methods significantly reduce beam-
hardening effects and improve image resolution.
Additionally, image de-blurring techniques can
retrospectively enhance the resolution of spiral CT
slices, leading to more accurate localization of the
CI electrodes. (112

Key imaging parameters in CT scans for patients
with CIs include the Hounsfield unit (HU)
reconstruction range, image resolution, CT dose,
and patient orientation within the scanner. Lower-
dose CT images are particularly susceptible to
beam hardening artifacts, which can increase noise
and make it challenging to differentiate between
electrodes and surrounding bone structures. The
severity of beam hardening can also be influenced
by the position of the head within the scanner, as
certain orientations may cause the beams to pass
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through dense structures like the teeth,
exacerbating the artifacts. ('3

While most CIs are now compatible with 3T
magnetic resonance imaging (MRI), the risk of
serious complications is not entirely eliminated.
Instances of CI displacement and other adverse
reactions have been reported even with MRI-
compatible implants. It is crucial that patients with
CIs are informed about the potential for discomfort
or pain during MRI procedures. (41

In 2017, Grupe and colleagues '© reported that
49% of cases in their cohort of Cl recipients had the
head as the primary scanned region. They noted
that head MRIs were the most frequent cause of
complications in their sample. Eerkens and
colleagues 7 further demonstrated that the forces
exerted on the CI during MRI depend on both the
distance between the implant and the scanner bore
and the angle between the implant magnet and the
MRTI’s magnetic field. This is particularly pertinent
for brain MRIs, where the internal magnet is in
close proximity to the scanner bore. However,
Eerkens et al found that torque forces are minimal
with Ultra 3D magnet technology, and their study
reported no major adverse events related to the
examined regions or implant positions.

A multicentric clinical study conducted by Canzi et
al ® aimed to assess and document the
experiences of recipients using the Hires Ultra 3D
CI (Advanced Bionics) who underwent MRI
examinations. The study found that adherence to
manufacturer guidelines for MRI procedures in
Ultra 3D recipients is crucial and recommended.
The findings indicate that following these
recommendations ensures safe and effective MRI
imaging while minimizing the risk of
complications associated with Cls. This study
underscores the importance of adhering to
established protocols to optimize patient safety and
imaging outcomes.

A retrospective review of medical records from a
single tertiary referral center examined the
experiences of eighteen patients with Cls who
underwent MRI between September 2003 and
February 2014. Out of these, thirteen patients
successfully completed their MRI scans (25 out of
30 scans). However, five patients, despite using
head bandages, were unable to complete the scans
due to pain. Among these cases, one patient
experienced magnet displacement, necessitating
surgery for magnet removal and reinsertion.
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Additionally, one patient developed a polarity
reversal of the magnet. These findings underscore
the importance of caution and thorough patient
preparation when performing MRI on individuals
with CIs. 19

Widmann's  study emphasizes the
importance of thorough pre-operative imaging
for CI candidates, particularly for diagnosing
and classifying inner ear malformations and
identifying any other abnormalities in the
temporal bone. Accurate imaging is crucial in
determining the suitability of a patient for CI
and in planning the surgical approach. CT and
MRI are complementary modalities, each
offering distinct advantages. CT imaging
provides detailed bone anatomy, making it
essential for assessing the bony structures of the
cochlea and identifying any ossification or
malformation. On the other hand, MRI is
invaluable for evaluating the soft tissue
structures, including the cochlear nerve, and is
particularly useful in patients with a history of
meningitis, severe middle ear disease, or
dysmorphic syndromes where inner ear
anatomy may be compromised. Together, these
imaging techniques ensure a comprehensive
evaluation, reducing the risk of complications
and improving surgical outcomes for CI
candidates.

A study by Hiremath et al ?! underscores the
complementary roles of CT and MRI in the
presurgical evaluation of CI candidates. These
imaging modalities are instrumental in
identifying anatomical variations as well as
congenital and acquired causes of sensorineural
hearing loss (SNHL). For radiologists and
technologists, a thorough understanding of
inner ear anatomy and associated pathologies is
essential. This knowledge informs the surgeon's
decisions regarding the choice of surgical
technique, device, and electrode type.
Furthermore, recognizing significant findings
related to middle and inner ear diseases, as well
as anatomical variants that could complicate
surgery, is crucial for minimizing potential
complications and achieving optimal surgical
outcomes.

This research aims to evaluate the knowledge
level of technologists and radiologists in Saudi
Arabia concerning the health risks associated
with imaging patients with Cls. Through this

20)
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assessment, we seek to raise awareness of best
practices for managing CI patients during
imaging procedures, thereby reducing potential
health risks.

Method:

Data for this cross-sectional study were collected
from radiology department personnel across
various hospitals in Riyadh, Saudi Arabia. A total
of 80 technologists and radiologists from these
hospitals participated. The data were gathered
using a structured questionnaire administered to the
technologists and radiologists at these hospitals.
The questionnaire consisted of 18 questions. The
first six questions collected general information
regarding the participants' experience, position,
attendance at relevant workshops, and the type of
hospital (private or public) where they are
employed. The remaining 12 questions assessed
the participants' knowledge of CI, the artifacts
caused by CIs, and the effects of CT and MRI
imaging procedures on these devices. The model

answers for the questionnaire were developed
based on information provided by various CI
vendors, with each correct response receiving one
point. Upon collection, the data were exported to
Microsoft Excel for initial handling, followed by
analysis using IBM SPSS version 24. Inferential
statistics were conducted using the Chi-square test.

Results and Data Analysis:

The collected questionnaires were manually
graded, and the scores were subsequently tallied
and organized in an Excel spreadsheet. The Chi-
square test was employed to evaluate whether the
type of hospital (private versus government) and
participants' experience in hospitals performing CI
procedures significantly impacted their knowledge
levels. Additionally, the Chi-square test was used to
determine if knowledge levels differed between
participants working in hospitals with dedicated CI
units and those in hospitals without such units. The
results of these Chi-square tests are presented in
Tables 1 and 2.

Figure 1: presents the demographic information of the participants, including their specialty, the unit in which
they work, and the type of hospital where they are employed.

Participants Demographic Information
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Figure 1: Participants demographic information.

Table 1 presents the results of the Chi-square test
comparing responses between participants working
in private hospitals and those in government
hospitals. Significant differences in knowledge
levels were observed for questions 1, 2, 4, 6, and 7.
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The p-values for these questions were all less than
0.05, indicating a statistically significant difference
between the knowledge levels of participants based
on hospital type.
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Table 1: Chi-square test results comparing survey responses between participants working in private
hospitals and those working in government hospitals.

P-values according to the type
of hospitals
1. Do you know what a Cochlear implant is and its types? 0.+v1
2. Do you know what kind of patients might have Cochlear Implant? | 0.+Y)
3. Can you perform an MRI for patients with a Cochlear implant? 0.+ A%
4. Do Cochlear implants cause artifacts in medical imaging? 0.4
5. Do you know the preparations for patients with Cochlear implants? | 0.AY
6. Does the MRI machine cause damage to the Cochlear implant? 0.001
7. Does a higher magnetic field affect the Cochlear implant more? 0.++Y
8. Is there a specific imaging modality to image patients with Cochlear 0.1V
implants?
9. Can the Cochlear implant be affected if the region of Interest being 011
imaged is far from the brain? )
IQ. Isit necessary to do post processing in CT after imaging a patient 0110
with a Cochlear implant?
11. Do you typically ask the patients before the exam if they have a 0.1Y¢
Cochlear implant or have this question in the consent form? '
-12. Is it chal}enging to do post processing for patients with Cochlear 0.1V A
implants during a CT scan?

The Chi-square test was conducted to compare
survey responses between participants working in
private hospitals and those in government
hospitals. The analysis, shown in Table 2, revealed
that there were significant differences in the
responses to questions 6 and 8, with p-values less
than 0.05, indicating a statistically significant
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difference in knowledge or practices related to
these specific areas between the two groups.
However, for the remaining survey questions, no
significant differences were observed between the
responses of participants from private and
government hospitals, suggesting a similar level of
knowledge across these questions.
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Table 2: Chi-square test results comparing survey responses between participants working in hospitals that
perform cochlear implant procedures and those in hospitals that do not.

P-values for the hospitals
that do and don’t perform
CI surgery
1. Do you know what a Cochlear implant is and its types? 0.-1¢
2. Do you know what kind of patients might have Cochlear Implant? | 0.)71
3. Can you perform an MRI for patients with a Cochlear implant? 0.YoA
4. Do Cochlear implants cause artifacts in medical imaging? 0.+
5. Do you know the preparations for patients with Cochlear implants? | 0.£4
6. Does the MRI machine cause damage to the Cochlear implant? 0.+Y
7. Does a higher magnetic field affect the Cochlear implant more? 0.1+7
8. Is there a specific imaging modality to image patients with Cochlear 0. ¥
implants? '
9. Can the Cochlear implant be affected if the region of Interest being 0.A4
imaged is far from the brain? '
10. Is it necessary to do post processing in CT after imaging a patient
. ; 0.A
with a Cochlear implant?
11. Do you typically ask the patients before the exam if they have a 01+t
Cochlear implant or have this question in the consent form? '
12. Is it challenging to do post processing for patients with Cochlear 0.££V
implants during a CT scan? )

Discussion

The primary purpose of this study was to measure
the level of knowledge about CI risks during
medical 1imaging among technologists and
radiologists in Riyadh hospitals. The chi-square
test results of this study, as shown in Table 1,
indicate that participants working in private
hospitals demonstrated significantly  higher
knowledge regarding several key aspects of Cls
compared to their counterparts in government
hospitals. Specifically, the significant differences
were observed in questions related to
understanding the types of Cls, identifying patients
who require them, and knowing how to properly
image patients with Cls. Furthermore, the
responses showed that participants from private
hospitals had a better understanding of the potential
artifacts caused by Cls, particularly in MRI
imaging at higher magnetic fields, and how these
fields might affect the functionality of the implant.
This suggests that technologists and radiologists in
private hospitals may receive more specialized
training or have more access to resources that
enhance their understanding of these critical areas.
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The Chi-square test results comparing participants
working in hospitals that perform CI procedures
with those working in hospitals that do not reveal
no significant differences for most survey
questions. However, there were notable exceptions
regarding the questions on the types of imaging
modalities used for CI imaging and the use of MRI
in CI imaging, questions 6 and 8 in Table 2 (P<
0.05). For these specific questions, participants
employed at hospitals performing CI procedures
demonstrated significantly higher knowledge. This
suggests that direct exposure to CI procedures may
enhance familiarity with the appropriate imaging
techniques and the critical role of MRI in managing
patients with CIs. Consequently, these participants
are better equipped to understand the specific
imaging requirements and challenges associated
with Cls.

This study analysis revealed that the knowledge
levels between participants from private and
government hospitals, as well as between those
working in hospitals that perform CI procedures
and those that do not, were similar for several key
questions (9-12 in Tables 1 and Table 2).
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Specifically, there were no significant differences
in responses to questions regarding the appropriate
location of the imaging region, the necessity of
post-processing to enhance CI image quality, and
the importance of asking patients if they have a CI
before beginning imaging. This suggests that
regardless of the hospital type or CI procedure
experience, there is a consistent understanding
among radiology personnel about these
fundamental aspects of CI imaging. This
uniformity in knowledge across different hospital
settings highlights the effectiveness of general
training and protocols in these critical areas of
patient care.

We were unable to find a study directly comparable
to ours in the existing literature. However, the
closest study is by Ayas et al ??, which examined
the knowledge and practices of audiologists in the
UK regarding cochlear re-implantation through a
comprehensive questionnaire survey. The findings
of this study align with the presented research, both
underscoring the need for increased educational
and training sessions for radiographers regarding
the imaging of patients with cochlear implants.
Their study highlights the critical importance of
continuous education to keep professionals
informed about the latest advancements and best
practices in Cl imaging. Specifically, it emphasizes
the value of hands-on workshops at national
conferences and CI group meetings that
incorporate practical skills, case studies, and
interactive sessions with experts. Additionally, the
development of comprehensive online teaching
modules in collaboration with experienced CI
clinicians is recommended to provide -easily
accessible resources on various aspects of cochlear
implant imaging and re-implantation. This aligns
with our findings, which call for more focused
training to ensure safe and effective imaging
practices.

Conclusion

The survey results indicate that there were no
substantial differences in the overall knowledge
levels between healthcare workers employed in
hospitals that perform CI procedures and those
working in hospitals that do not. This finding
underscores the importance of implementing
continuous training sessions and workshops
tailored to healthcare professionals. These
educational initiatives should focus on the specific
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challenges of imaging patients with ClIs,
emphasizing techniques to obtain high-quality
images while ensuring patient safety. Ongoing
professional development is essential to maintain
and enhance the proficiency of healthcare workers
in managing CI patients effectively.
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