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ABSTRACT
 
السريرية   للممارسة  موحدة  توجيهية  مبادئ  وضع  الدراسة  هذه  من  الهدف 
الصحة  وزارة  الأطفال )CI( لمستشفيات  قوقعة  للبالغين وزراعة   )CPGs(
للأدبيات  شاملة  مراجعة  السعودية.أجريت  العربية  المملكة  في  المتخصصة 
القائم  الطب  إلى  التوجيهية  المبادئ  استندت  وقد  العمل.  قبل مجموعة  من 
على الأدلة بما في ذلك تجارب المؤسسات والأفراد. يوصى باستخدام السماعة 
الثنائية للبالغين والأطفال المصابين بفقدان سمع حاد/عميق. يوصى بأن يكون 
آمنًا  إطارًا  الدراسة  توفر هذه  أشهر.   9 عند  للأطفال  الزرع  لسن  الأدنى  الحد 
للفريق متعدد التخصصات لاختيار المرشحين المناسبين لزراعة قوقعة الأطفال. 
من  مختلفة  جوانب  يغطي  التخصصات  متعدد  شامل  فريق  إنشاء  المهم  من 

مقدمي الرعاية الصحية.

This study aim to establish unified clinical practice 
guidelines (CPGs) for adults and pediatric cochlear 
implantation (CI) for the Ministry of Health 
specialist hospitals in the Kingdom of Saudi Arabia. A 
comprehensive literature review was carried out by a 
task force group. Guidelines were based on evidence-
based medicine including institutions and individuals’ 
experiences. Bilateral CI is recommended for adults 
and pediatrics with bilateral severe/profound hearing 
loss. The minimum age of implantation for children 
is recommended at 9 months. This study provides 
a safe framework for the multidisciplinary team to 
select appropriate CI candidates. It is important to 
establish a comprehensive multidisciplinary team 
covering different aspects of health care providers.
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A cochlear implant (CI) is a device implanted surgically 
for advanced sensorineural hearing loss (SNHL).1 

It has been recognized worldwide as the only acceptable 
cochlear rehabilitation technique for profound SNHL.2 
The CI functions by transducing an acoustic signal 
into an electrical signal that directly stimulates the 
auditory nerve surviving spiral ganglia. In 1985, the 
Food and Drug Administration (FDA) approved the 
first multichannel CI for post-lingual SNHL in adults. 
Since then, advancements in technology, new surgical 
techniques, and modern programming strategies have 
expanded the candidacy criteria to include pre- and 
post-lingual SNHL in children.3 Worldwide, many 
center-based criteria and recommendations have been 
developed,4 which evolved into national clinical practice 
guidelines (CPGs) in different countries for funding CI 
programs.5 Clinical practice guidelines are statements 
that include recommendations intended to optimize 
patient care that are informed by a systematic review of 
evidence and an assessment of the benefits and harms of 
alternative care options.6 

Since the beginning of CI in the Kingdom of Saudi 
Arabia (KSA) in the early 90s, the number of procedures 
has been growing exponentially and many centers 
around KSA have developed CI programs. Currently, 
there are 16 government hospitals with established CI 
centers. Ministry of Health (MOH) hospitals are the 
major providers of CI with ten centers, followed by 
university hospitals (3 centers), and military hospitals 
(3 centers). 

In 2020, the National Unified Procurement 
Company (NUPCO) became the main provider to most 
CI centers. National Unified Procurement Company 
has existed since 2009 and is owned by the Public 
Investment Bank, KSA. It specializes in purchasing, 
storing, and distributing medications, devices, and 
medical supplies through the unified procurement 
system for the benefit of government health sectors. 
This means that individual centers will no longer be 
able to purchase items directly through their hospitals’ 
logistic departments. Although this may minimize the 
autonomy of each center, it is expected to result in a 
better outcome in terms of unified post-treatment 
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follow-up care. This step has inspired us to work on 
developing CPGs to standardize the clinical services of 
CI in MOH specialist hospitals. 

Rational for the CPGs. Throughout our 
research, we found no evidence of CPGs developed 
by any governmental entity before this study in KSA. 
This is most likely because the financial funding for CI 
centers is institution-dependent, and eventually, the 
multidisciplinary team of each center adopts a clinical 
practice based on its preference and best judgment. 
Therefore, representatives of the CI programs in King 
Fahad Medical City in Riyadh, King Abdullah Medical 
City in Makkah, and King Fahad Specialist Hospital in 
Dammam formed a task force to create unified CPGs 
for the participating centers.

Methods. A representative from the 3 participating 
centers was nominated for the task force to perform 
a comprehensive review of literature for CI program 
structure, settings, and required personnel. Candidacy 
criteria were also reviewed in different countries and 
recognized centers. The collected data were then 
referred to be assessed and evaluated by different team 
members including surgeons, audiologists as well as 
speech and language pathologists. Recommendations 
and guidelines were then recollected by the task force 
team. The final draft was resent and approved by each 
center.

Results. Establishing a CI program requires a 
multidisciplinary team approach with assigned roles 
in order to ensure the best outcomes. The number of 
implantations per year has to be proportionate to the 
available resources and personnel. Moreover, adequate 
and appropriate settings are necessary to run a successful 
program. This includes: 
•	Fully	 equipped,	 soundproof	 booths	 for	 behavioral	

assessment with air conduction (inserts, headphones, 
and speakers), bone conduction, and speech testing 

•	Objective	 testing	 equipment:	 immittance	 testing	
and otoacoustic emissions (OAEs)

•	Electrophysiological	 testing	 equipment:	 auditory	
brainstem response (ABR) and auditory steady state 
response (ASSR)

•	Basic	 and	 advanced	 vestibular	 testing	 equipment:	
videonystagmography (VNG), cervical vestibular 
evoked myogenic potentials (c-VEMP), Ocular 
-VEMP, and video head impulse test (vHIT)  

•	Necessary	 radiological	 exams:	 high-resolution	 CT	
and magnetic resonance imaging.

Members of the multidisciplinary CI program:
•	Otologist:	 A	 specialized	 otolaryngologist	 head	

and neck surgeon who has undergone fellowship 
training in surgery of the temporal bone: the 
surgeon usually takes care of all medical preoperative 
assessments and referrals to other departments 
(such as: ophthalmology, cardiology, and genetics) 
as well as radiology and serology requests in order 
to investigate possible causes of hearing loss. They 
are also expected to counsel the parents/patients 
regarding the pre-operative and post-operative 
course. 

•	Audiologist:	 a	 well-trained	 audiologist	 with	
experience in behavioral and electrophysiological 
testing as well as programming and the verification 
of hearing aids and counselling during the pre-
operative course. In addition, an audiologist 
who has undergone specialized training in CI 
programming and troubleshooting is required for 
post-operative care. They play a major role in the CI 
candidacy process and long-term audiological and 
(re)habilitative follow-up. 

•	Speech	 and	 language	 pathologist	 (SLP):	 an	 SLP	
with specialized training in aural rehabilitation or 
auditory verbal therapy. The SLP plays a crucial 
role in assessing the candidates’ auditory and 
communication skills and explaining the principles 
of and expectations from (re)habilitation, the 
importance of family involvement, and realistic 
expectations of post CI outcomes and progress. 
Patients should be offered a sufficient trial period 
to assess their potential benefit from appropriately 
fitted hearing aids. 

•	Psychologist	 and	 neuro-psychologist:	 they	 are	
essential for assessment and counseling of certain 
cases based on the patients’ needs. For example, 
individuals on the autism spectrum or those with 
attention deficit hyperactivity disorders. Counseling 
parents or caregivers is also important because their 
involvement in the patient’s rehabilitation and 
education is critical in order to achieve the best 
possible outcomes. 

•	Social	worker:	the	social	worker	can	provide	guidance	
and support to the patient and the family in all areas, 
including financial planning when needed. 

•	Geneticist:	the	geneticist	can	be	actively	involved	in	
the diagnosis process and family counseling. 

•	Other	 healthcare	 professionals:	 some	 patients	
require specialized services such as cardiology, 
ophthalmology, neurology, and developmental 
pediatrics. 
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•	Coordinator:	the	coordinator	serves	as	the	primary	
liaison representative between the patients or their 
families and the rest of the program team members. 
This includes resolving any enquiries they may have 
about the program as well as arranging any pre-
operative visits. 

Cochlear implant pre-operative evaluation. Possible 
SNHL can be detected early in life through neonatal 
hearing screening programs using OAEs and automated 
ABR.7,8 Both screening tests are needed, especially for 
the detection of cases of auditory neuropathy spectrum 
disorder (ANSD). Neonates who fail screening are 
referred to specialized hospitals for diagnostic testing. 

The pre-operative evaluation in children is carried 
out by the multidisciplinary team to determine the type 
and degree of hearing loss, if any, and assess the need for 
further management including the possibility of CI. In 
adults postlingual SNHL, the evaluation is less extensive 
and is limited most of the time to audiological, SLP and 
preoperative radiological assessment. 

History and physical examination. A detailed and 
thorough history is mandatory when assessing a patient 
with hearing loss. This includes prenatal events (such, 
maternal infections and medications), mode of delivery, 
immediate post-natal health problems (such, hypoxia, 
jaundice, prolonged Neonatal Intensive Care Unit 
admission, and neonatal infections), and other medical 
conditions. Enquiring on family history of SNHL in 
parents, siblings, or relatives is also important. For 
adults, a complete history of the hearing loss should 
be obtained including the onset, progression, related 
symptoms (such as, tinnitus), and other otologic 
manifestations (such as, otorrhea and recurrent otitis 
media). Physical examination includes assessment of 
the external ear (such as, malformation, pits, or tags), 
otoscopic examination (such as, external auditory canal 
atresia or stenosis, cerumen impaction, and middle ear 
pathologies), examination for craniofacial dysmorphic 
features, oropharyngeal examination (such as, cleft lip 
or palate), and cervical examination (such as, branchial 
malformations and goiter). 

Vestibular assessment. Sensorineural hearing loss 
could be associated with vestibular dysfunction due to 
the close proximity of the cochlea and the vestibule. 
Vestibular dysfunction is found in approximately 
30-70% of children with hearing loss.9,10 For example, 
hearing and balance are often both affected in inner 
ear malformations (such, enlarged vestibular aqueduct, 
Mondini deformity, and common cavity) and in 
certain syndromes (such, Pendred syndrome and Usher 
syndrome). Recent theories also highlight the possibility 

of vestibular dysfunction after CI surgery. Using cVEMP 
to evaluate vestibular function post CI, Maes et al11 
found a significant higher dysfunction in children with 
bilateral CI compared to children without a CI. Post CI 
vestibular dysfunction could be attributed to traumatic 
electrode insertion, foreign body autoimmune reaction, 
electrical stimulation, or labyrinthitis.12 In the majority 
of cases, post-operative dizziness subsides within a few 
weeks.13 For persistent dizziness, different tests are used 
to assess the vestibular function such as: VNG, caloric 
testing, cVEMP, oVEMP, vHIT, and the head shake 
test, with variable sensitivity and specificity.14 

Radiological assessment. Temporal bone 
malformation is found in up to 30% of children with 
congenital SNHL.15 Magnetic resonance imaging is 
important to rule out auditory nerve (cranial nerve 
VIII) hypo/agenesis, inner ear dysplasia, or cochlear 
ossification. High-resolution CT (HRCT) provides 
better bony visualization of the inner ear and helps 
in identifying surgical landmarks, such as the large 
vestibular aqueduct, facial nerve course, position of the 
sigmoid sinus and dura, pneumatization of the mastoid 
bone and round window orientation.15 Although there 
is no global consensus of which radiologic modality is 
better for preoperative evaluation, we believe that both 
tests complement each other for better assessment.

Blood work. Serological examination includes 
the TORCH infections (toxoplasmosis, rubella, 
cytomegalovirus and herpes simplex virus) and syphilis. 
Thyroxin and thyroid-stimulating hormone levels may 
be tested as needed. 

Ophthalmology consultation. There is a strong 
association between SNHL and ophthalmic pathologies 
in multiple syndromes.16,17 Moreover, assessing visual 
acuity is important as patients with SNHL are very 
dependent on this sense of communication. An 
experienced ophthalmologist may assess the visual 
acuity and perform an indirect fundoscopy for young 
children. Electroretinography (ERG) may be delayed 
till the age of 6 because retinal dystrophy is not usually 
detectable at young ages.

Electrocardiography. It is essential to rule out 
prolonged QT interval which assists in the differential 
diagnosis of Jervell and Lange-Nielsen Syndrome 
(JLNS). Although this is a rare syndrome, its high 
mortality rate warrants such non-invasive investigations 
that can be lifesaving.

Urinalysis and renal ultrasonography. Renal 
involvement is seen in some syndromic hearing loss 
cases, such as Alport syndrome and Branchiootorenal 
(BOR) syndrome. In cases of suspected BOR syndrome, 
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renal ultrasound is performed routinely to exclude renal 
malformation.

Discussion. Most healthcare providers consider 
CI for patients with severe to profound SNHL not 
benefiting from conventional hearing aids. Global, 
national or regional guidelines exist in some countries 
such as the Western Australia clinical guidelines 
for adults and pediatrics CI and the British NICE 
guidelines. Other published CPGs includes the French 
SFORL,4 Belgium,18 Poland,19 and Spanish guidelines.20 
However, the CPGs are modified regularly to include 
potential patients who are expected to do better with 
CI. After reviewing the above mentioned CPGs, a 
consensus agreement was achieved by the authors and 
their respective team members to establish the following 
CPGs. 

Pediatric CI candidacy. The following criteria are 
our recommended CI indications for pediatrics: 4,5,18-20 
i) Bilateral severe to profound SNHL (>70 dB HL). 
ii) No benefit from the appropriately fitted hearing 
aid(s) for at least 3 to 6 months based on continued 
monitoring of the development of auditory skills, 
speech, and language. iii) No contraindication for 
surgery such as the absence of the cochlear nerve.

Sensorineural hearing loss is classified based on 
laterality (unilateral versus bilateral), the onset of 
hearing loss (pre-lingual, peri-lingual, and post-lingual), 
etiology (acquired or congenital), and severity (ranging 
from mild to profound). Wearing hearing aid(s), unless 
contraindicated, even in cases where no auditory benefit 
is anticipated has 2 essential advantages to the child; it 
provides the child with a sense of hearing and keeps the 
auditory nerve stimulated, thus enhancing the child’s 
acceptance of wearing the CI’s external device later on. 

Bilateral CI has been proven to improve hearing with 
respect to noise and sound localization ability.21 It also 
provides superior results in speech perception and verbal 
intelligence.22,23 In a systematic review of 21 studies, 
Lammer et al24 found that simultaneous CI yielded 
statistically significant improvement in outcomes 
for speech and language development compared to 
sequential CI. However, the outcomes among different 
inter-implant delay periods were inconclusive although 
longer periods seemed to have a negative effect on post-
operative outcomes. Another review by Smulders et al25 
concluded that implantation in both ears, simultaneous 
or sequential, before the age of 3.5 years is crucial for 
binaural pathway maturation of the auditory system.  
In children, an inter-implant delay of more than 24 
months had a negative effect on speech performance 
scores.22,25 However, in adults, 4 out of 5 studies did not 

find a significant correlation between the speech scores 
and inter-implant delay.25 Moreover, the inter-implant 
delay did not show any correlation with localization 
after the second CI in all age groups.25 

A comprehensive speech and language assessment 
is essential in the pre-candidacy process. It includes 
assessing the patient’s current mode of communication 
(verbal or nonverbal,) as well as expressive and receptive 
speech and language skills. These are important when 
counseling regarding realistic expectations. In pre-lingual 
SNHL, a gap of more than 3 years between the child’s 
chronological age and communication skills is expected 
to result in an overall poorer performance. Additionally, 
taking into consideration the family’s education level 
and socioeconomic status, it is essential to ensure their 
commitment to the rehabilitation program.  

According to the most recent FDA guidelines, 
the minimum age of implantation is 9 months in an 
otherwise healthy child.26 Placing an implant in a child 
as early as possible is recommended.27 Longitudinal 
outcomes of early implanted children resulted in 
improved speech and language skills and better 
functional performance, as well as positive effects on 
cognitive abilities and psychosocial development.28

Adults CI candidacy. The following criteria are 
our recommended CI indications for adults >18 years 
old:18-20 i) Bilateral simultaneous CI is the standard of 
care. ii) Post lingual bilateral severe SNHL (>70 dB HL) 
in the conversational frequencies (1-4 kHz). Open-set 
sentence scores in less than 50% at an intensity of 65 dB. 
iii) Limited or no benefit from the appropriately fitted 
hearing aid(s) as evident by aided thresholds or poor 
word recognition scores in the best-aided condition. iv) 
No contraindication for surgery such as injury of the 
vestibulocochlear nerve.

A recent review by Varadarajan et al29 found a more 
liberal recommendation for adults CI is being adopted in 
different publications. The adults CI criteria is expanding 
to include patients with greater levels of residual hearing 
and atypical causes of SNHL. Sladen et al30 found an 
improvement in hearing at quiet and noise for patients 
with short duration of unilateral SNHL less than 2 years. 
In another study, Marx et al,31 compared contralateral 
routing of signal (CROS) hearing aids, Bone anchored 
hearing aid (BAHA), and CI for patients with single 
sided deafness (SSD) and asymmetric SNHL. A 
significant improvement in quality of life especially 
in patients with associated severe tinnitus was noticed 
in CI recipients. Finally, off-criteria expansion was 
studied by Perkins et al,32  who included 105 patients 
with a higher consonant-nucleus-consonant (CNC) 
than conventional CI criteria and reported a significant 

http://www.smj.org.sa/index.php/smj/index


1269https://smj.org.sa    Saudi Med J 2021; Vol. 42 (12)

CI guidelines ... Alzahrani et al

benefit in noise and quiet. These data are examples of the 
need to increase general awareness about the potential 
benefits for CI to a more and wider range of SNHL 
subjects. Patients off-criteria who seek CI are entitled 
to be evaluated by the multidisciplinary CI team and 
benefit from CI accordingly. 

Cochlear implant indications in asymmetric SNHL. 
It is defined as >15 dB hearing loss (HL) interaural 
difference at 2 or more frequencies.33 In this group of 
patients, the objective is to restore bimodal auditory 
stimulation (hearing aid in the better ear and CI in 
the worse ear).20,34,35 Both adults and children can be 
candidates for this mode of stimulation. Candidacy for 
CI would be as follows: i) Severe to profound hearing 
loss in the conversational frequencies (1-4 kHz) in 
the ear with the worse hearing capacity. In speech 
audiometry, open-set sentence scores in <65%. ii) 
Moderate to severe hearing loss in the conversational 
frequencies (1-4 kHz) in the ear with the better hearing 
capacity. In speech audiometry, open-set sentence scores 
in >85%.

Electroacoustic CI candidacy. Electroacoustic 
stimulation, also known as hybrid implants, refers 
to the acoustic and electric stimulation of the same 
ear from one device.36 This mode of stimulation is 
indicated for adults with normal low-frequency hearing 
and profound high-frequency SNHL.37 Two companies 
provide electric-acoustic stimulation (EAS) systems; 
candidacy for each company would be as follows:  

A) Cochlear hybrid system:36 
i) Low frequency (125-500 Hz) hearing thresholds 

ranging from normal to 60 dB HL in the ear to be 
implanted. 

ii) Mid to High-frequency hearing thresholds >75 dB 
HL in the ear to be implanted. 

iii) Word recognition score between 10% to 60% in 
the ear to be implanted and not more than 80% in 
the contralateral ear. 

B) MED-EL EAS system:38 

i) Normal to moderate SNHL up to the mid 
frequencies then sloping to severe/profound 
SNHL. 

ii) Word score of 60% or less in the ear to be 
implanted.

Special considerations
•	Cases	 of	 SNHL	 post-meningitis	 should	 be	 fitted	

with hearing aids as soon as possible and monitored 
closely.39 If hearing loss progresses to a severe/
profound level, bilateral implantation should be 
considered as soon as possible to avoid cochlear 
ossification.40

•	Temporal	 bone	 fractures	may	 result	 in	 SNHL	 due	
to disruption of the sensory neuroepithelium leading 
to acute intracochlear hemorrhage and delayed 
labyrinthitis ossificans.41 Early implantation is 
advised before the ossification appears.42

•	Auditory	 neuropathy	 spectrum	 disorders	 (ANSD)	
require thorough investigations including ABR, 
OAEs, and electrocochleography. Hearing loss in 
ANSD may be due to pre- or post-synaptic alterations 
of inner hair cell function. Cases of pre-synaptic 
origin are reported to show better performance 
compared to those of post-synaptic origin.43 Previous 
studies have shown variable long-term outcomes of 
CI in ANSD.43 In a recent study by Alzhrani et al44 
no significant difference in auditory performance and 
speech intelligibility outcomes were noted between 
CI in otherwise healthy children and CI in children 
with isolated ANSD. 

•	Cochlear	implant	in	SSD	was	initially	introduced	as	a	
treatment for incapacitating tinnitus in SSD.45 Some 
authors recommend CI in patients whose tinnitus 
handicap inventory46 scores are more than 58 after 
the failure of other tinnitus therapeutic options.20 
Later on, indications were expanded to include adults 
with acquired profound SSD.47 Sufficient data is not 
available on the benefits of CI in congenital SSD in 
children.47,48 Other rehabilitative options include 
CROS hearing aids and BAHA.49

•	Cochlear	 implant	in	patients	with	autism	spectrum	
disorder is controversial.50 Some reports demonstrated 
improved receptive function such as localization 
of sound and understanding simple commands. 
However, reported improvement in expressive 
functions was less prominent. Extensive family 
counseling with regards to realistic expectations is 
important.51,52 
Post implant follow-up. Cochlear implant centers 

should provide post-implantation follow-up and 
rehabilitation to all CI recipients regardless of age, with 
different team members. 

Surgical follow-up is recommended 10 days post-
operatively for verification of wound healing and 
clearance for activation. This can be followed by annual 
or semiannual visits, as well as additional consultation 
as needed. Initial activation of the CI system(s) is 
recommended 2 to 4 weeks post-operatively. After 
initial activation, patients are typically seen at 1, 3, 
6, 9, and 12 months post-activation in the first year, 
and at least every 6 months after that. Depending on 
the patient’s age and auditory performance, follow-up 
visits may be scheduled on an annual basis. Audiology 
visits include assessment and programming which 
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is very important to ensure optimal stimulation and 
performance. Aural (re)habilitation is often initiated 2 
to 3 weeks post-activation, and is recommended at least 
once a week. Aural (re)habilitation sessions are tailored 
to each patient based on their performance and the 
family’s active involvement. These sessions are delivered 
for approximately 3 to 4 years or till the patient is of 
school-age if the school provides proper SLP follow-up.

In conclusion, CPGs provide a safe framework for 
the multidisciplinary team to select appropriate CI 
candidates. Bilateral simultaneous CI is the standard of 
care and implantation is advised as young as possible. 
Atraumatic approach is advised in order to spare the 
residual cochlear and vestibular function. 
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