
R E V I EW

Outcomes of Cochlear implantation in early-deafened patients
with Waardenburg syndrome: A systematic review and
narrative synthesis

Amy Lovett MBChB1 | Michael Eastwood MBChB, MRCS(ENT)1 |

Chris Metcalfe MBChB, MRCS(ENT)1,2 | Jameel Muzaffar MSc, FRCS(ORL-HNS)2,3 |

Peter Monksfield MSc, FRCS(ORL-HNS)2 | Manohar Bance MSc, FRCS, FRCSC3

1Royal Stoke University Hospital, Stoke on

Trent, UK

2University Hospitals Birmingham NHS

Foundation Trust, Queen Elizabeth Hospital

Birmingham, Edgbaston, UK

3Department of Clinical Neurosciences,

University of Cambridge, Cambridge, UK

Correspondence

Manohar Bance, Box 48, ENT Clinic,

Addenbrookes Hospital, Hills Road, Cambridge

CB2 0QQ, UK.

Email: mlb59@cam.ac.uk

Abstract

Objective: This systematic review aims to establish the expected hearing and speech

outcomes following cochlear implantation (CI) in patients with profound congenital

deafness secondary to Waardenburg syndrome (WS).

Methods: A systematic review of the literature and narrative synthesis was per-

formed in accordance with the PRISMA statement. Databases searched: Medline,

Pubmed, Embase, Web of Science, Cochrane Collection, and ClinicalTrials.gov. No

limits were placed on language or year of publication.

Results: Searches identified 186 abstracts and full texts. Of these, 16 studies met

inclusion criteria reporting outcomes in 179 patients and at least 194 implants. Hear-

ing outcomes of those receiving cochlear implantation were generally good. Five

studies included genetic analysis of one or more of the participants. A total of

11 peri/post-operative complications were reported. The methodological quality of

included studies was modest, mainly comprising noncontrolled case series with small

cohort size. All studies were OCEBM grade III–IV.

Conclusion: Cochlear implantation in congenitally deafened children with Waarden-

burg Syndrome is a well-established intervention as a method of auditory rehabilita-

tion. Due to the uncommon nature of the condition, there is a lack of large-scale

high-quality studies examining the use of cochlear implantation in this patient group.

However, overall outcomes following implantation are positive with the majority of

patients demonstrating improved audiometry, speech perception and speech intelligi-

bility supporting its use in appropriately selected cases.

K E YWORD S

Cochlear implantation, Waardenburg syndrome

Received: 31 January 2023 Revised: 23 May 2023 Accepted: 17 June 2023

DOI: 10.1002/lio2.1110

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2023 The Authors. Laryngoscope Investigative Otolaryngology published by Wiley Periodicals LLC on behalf of The Triological Society.

1094 Laryngoscope Investigative Otolaryngology. 2023;8:1094–1107.wileyonlinelibrary.com/journal/lio2

https://orcid.org/0000-0001-9079-3902
https://orcid.org/0000-0003-2630-921X
https://orcid.org/0000-0002-8790-2722
https://orcid.org/0000-0003-3065-0269
https://orcid.org/0000-0001-7343-7105
https://orcid.org/0000-0001-8050-3617
mailto:mlb59@cam.ac.uk
http://clinicaltrials.gov
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/lio2


1 | INTRODUCTION

Waardenburg syndrome (WS) is an inherited disorder defined by

hypopigmentation of the skin, hair, and irides and a varying degree of

sensorineural hearing loss. It was first described by the Dutch oph-

thalmologist, Petrus Waardenburg, in 1951 highlighting features now

defining WS type I: dystopia canthorum, hypopigmentation of the

forelock, heterochromic irides and synophrys.1 WS type II is variation

on these clinical features, with the absence of dystopia canthorum,

and is divided into subtypes A-D based on the type of genetic muta-

tion. WS type III is the addition of musculoskeletal abnormalities to

features defining WS type I. Finally, WS type IV is the addition of

Hirschsprung disease to WS type II features. The overall prevalence

of Waardenburg syndrome in the general population is estimated at

1 in 40,0002 with WS type I and II being the most common.3

Sensorineural hearing loss (SNHL) is a commonly reported feature

of WS, with a prevalence of over 70%.4 The extent of hearing loss can

be variable, even within families, ranging from profound deafness to a

progressive postlingual hearing loss.5,6 A systematic review by Song

et al.4 demonstrated that hearing loss was almost exclusively sensori-

neural and that almost 90% of patients suffer from bilateral hearing loss.

They also highlight an association between different disease-causing

genes and the auditory phenotype. It is acknowledged that mutations in

PAX3 are associated with WS type I and III,4,7,8 MITF with WS type II

only,4,9,10 and SOX10 with WS type II and IV.4,8,11 Hearing loss is found

in over half of patients with a PAX3 mutation and 90% of patients with

SOX10 orMITFmutations. The SOX10mutation is associated with more

severe hearing loss with the majority of cases having profound congeni-

tal deafness compared to just 60% forMITF mutations.4

The degree of hearing loss observed is more related to the under-

lying genetic mutation rather than clinical classification as PAX3,

SOX10, and MITF have all been shown to play a role in inner ear func-

tion in either human or animal models via various mechanisms.12–14

Anatomical variations of the inner ear are frequently identified in

patients with WS being present in up to 50% of cases.15–18 Commonly

reported inner ear abnormalities include vestibular aqueduct enlargement,

widening of vestibule, internal auditory canal hypoplasia, decreased mod-

iolus size and aplasia or hypoplasia of the posterior semicircular canal

seen in roughly 26% of cases.19 Of note, temporal bone abnormalities

may be more strongly associated with a SOX10mutation phenotype.20

In cases of profound congenital deafness cochlear implantation

may be considered. This systematic review aims to examine the cur-

rent literature to identify what are the expected hearing and speech

outcomes following cochlear implantation (CI) in patients with a diag-

nosis of Waardenburg syndrome (WS)?

2 | MATERIALS AND METHODS

2.1 | Eligibility criteria

Population: The participants included were children or adults with

Waardenburg syndrome causing profound hearing loss.

Intervention: The intervention was cochlear implantation. No

restrictions were placed on implant device or method of insertion.

Comparison: No formal comparison group was used as hearing

function was not expected to change without implantation. However,

any comparison to other indications for CI was noted.

Outcomes: The primary outcomes were pre- and post-

implantation audiometric outcomes using audiometry and/or

speech perception and/or speech production. Where pre-

implantation outcomes were not available, post-implantation

audiometric outcomes were analyzed only. The secondary out-

comes considered were genetic analysis, pre-implantation radio-

logical findings and intra- or post-operative complications.

2.2 | Study inclusion criteria

Clinical studies of cochlear implantation in patients with Waarden-

burg Syndrome with hearing outcomes reported at a minimum of

3 months post implantation were included. Diagnosis of WS may

be clinical or genetic and of any subtype. Human studies of any

methodology other than case reports or case series <3 patients

were included. Studies without report of postoperative audiomet-

ric outcomes or where the abstract or full text were unavailable

were excluded.

2.3 | Search strategy

Searches were initially performed by our information specialist librar-

ian and subsequently repeated by ME, and abstracts were indepen-

dently screened by two reviewers (AL/ME). The following databases

were searched: Medline, Pubmed, Embase, Web of Science, Cochrane

Collection, ClinicalTrials.gov (via Cochrane).

The search terms used were:

1. “Cochlear Implants”
2. “Cochlear Implantation”
3. Cochlear Implant* (title)

4. 1 OR 2 OR 3

5. “Waardenburg syndrome”
6. Waardenburg* (title)

7. EDN3, EDNRB, MITF, PAX3, SNAI2 and SOX10

8. 5 OR 6 OR 7

9. 4 AND 8

No limit was placed on language or year of publication.

2.4 | Selection of studies

Two reviewers (AL/ME) independently screened all records identified

from the database searches. Studies describing cochlear implantation

in patients with WS were assessed against the inclusion and exclusion
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criteria, with any disagreement resolved by discussion with a third

reviewer (CM). Studies without an accessible abstract or full text after

the title/abstract screening were followed up by attempting to contact

the study authors. If they remained unavailable the study was excluded.

Studies were excluded if they did not report post intervention audio-

metric outcomes at a minimum of 3 months post procedure. Studies

presenting overlapping populations were limited to the largest study

sharing data. Potentially relevant studies highlighted from the initial

searches and abstract screening underwent full-text screening by two

independent reviewers (AL/ME) prior to data extraction. Conflicts on

the selection were resolved by discussion between the reviewers.

2.5 | Data extraction

Data was extracted by the first reviewer (AL) and then checked by a

second reviewer (ME). Extracted data was collected in a spreadsheet

(Excel, Microsoft Corp, WA, USA). The data of interest comprised of

location, study design, participant characteristics (including age at

implantation, WS subtype, genetic analysis, and anatomy on imaging),

intervention characteristics (including operative technique, implant

type and perioperative complications), and primary outcome data

(including follow-up timeframe).

2.6 | Risk of bias quality scoring

Two reviewers (AL/ME) independently assessed the risk of bias using

the Brazzelli Risk of Bias Tool for NonRandomized Studies.21

Studies were also graded according to the Oxford Centre for Evi-

dence Based Medicine Grading System.22 Discrepancies between

the reviewers were resolved by discussion with a third

reviewer (CM).

2.7 | Synthesis of results

Study results have been presented by outcome measures. Additional

study characteristics and findings of WS subtype, genetic analysis and

radiological findings have been collated. No meta-analysis was under-

taken due to the heterogeneity in methodology and outcome mea-

sures reported between and within studies.

F IGURE 1 PRISMA flow diagram.
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3 | RESULTS

Searches were initially run 10/05/2020 and repeated 25/07/2022. A

flowsheet detailing study selection according to the Preferred Report-

ing Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-

lines is included in Figure 1.23

3.1 | Description of studies

Sixteen studies met the inclusion criteria with a total of 179 patients

and at least 194 implants. There were nine case series, two case–con-

trol, and five cohort studies; all included between three and 30 WS

patients. All studies were published between 2000 and 2022. Study

characteristics are summarized in Table 1.15,24–38

3.2 | Demographics

Fifteen studies included pediatric patients only, one study included

both children and adults.26 The average age at time of cochlear

implantation ranged from 12 months to 6.5 years; the oldest patient

included was 22 years old. One study did not report the age at

implantation.33 Thirteen studies reported on the type of implant

used.15,24–32,37,38 Reporting on WS type was variable, with 10 studies

specifying the subtype of the condition based on clinical manifesta-

tion of the syndrome.24,25,27,28,30,32,34,37,38 Five studies reported on

genetic analysis in 29 patients following identification of hearing loss or

clinical diagnosis; range of mutations including SOX10/PAX3/SNA12/

SW2B/SW2C/EDN3/EDNRB/MITF, though the method of identification

of these mutations was not reported in any series.24,25,30,34,37 Radiologi-

cal assessment with either preoperative computed tomography (CT) or

magnetic resonance imaging (MRI) was reported in 100 patients across

10 studies (Table 1)15,24,25,27,28,30–32,34,37; findings varied from normal

anatomy, to malformations of the cochlea, vestibule or semicircular

canals. Only one study discussed pre-implantation radiological findings

in relation to genetic analysis, highlighting one case of bilateral cochlear

hypoplasia in a patient with SOX10mutation.37

3.3 | Quality of studies

The methodological quality of included studies was modest, predomi-

nantly consisting of retrospective noncontrolled case series with small

numbers of patients. All studies were OCEBM grade III-IV (Table 1). In

addition to the heterogeneity of study types included, there were

inconsistencies in reporting of pre-implantation assessment and use

of variable audiological outcomes presented within and between stud-

ies which precluded formal meta-analysis. There were also limitations

in reporting of WS subtype, genetic analysis, pre-implantation radio-

logical findings, surgical technique and rehabilitation protocols

(Table 2).
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3.4 | Audiological outcomes

Reporting of preoperative audiological assessment was highly vari-

able. Seven studies provided pre-implantation pure tone audiometry

(PTA) and five utilized speech perception scores, six reported vague

description of hearing level with one study providing no details of

baseline hearing (Table 3). Where provided pre-op hearing loss was in

keeping with severe to profound hearing loss.

Post-implantation hearing outcomes demonstrated improvement

across all studies; however, reporting of follow up duration and out-

come measures was heterogenous across studies. The shortest aver-

age duration of follow up was 12 months and the longest follow up

period was 15 years.

Post-implantation hearing outcomes are summarized in Table 4. A

total of 22 different audiological outcome measures were used with

heterogeneity in outcome measures reported between studies. There

was also variability seen within studies particularly regarding pre- and

post-implantation outcome measures used.

PTA was reported both pre- and post-implantation in four stud-

ies24,26,28,34 all of which demonstrated improvement in average

thresholds across their respective cohorts. Claros et al. demonstrated

an improvement in average thresholds from 95.4 dB ± 4.2 to

23.2 ± 9.9 post-CI with no significant difference in post-implantation

thresholds when compared to a reference group of 86 nonsyndromic

children (p = .49).24

Speech perception was assessed in all studies through varied

tools. The Meaningful Auditory Integration Scale (MAIS) or the

Infant-Toddler Meaningful Auditory Integration Scale (IT-MAIS)

was used most frequently across six studies to assess postopera-

tive speech perception.24,26,30,32,37,38 Polanski et al., reported both

pre and post intervention IT-MAIS/MAIS demonstrating improve-

ment from average scores of 3%–90%. Categories of Auditory Per-

formance (CAP) were also commonly used to assess postoperative

performance in six studies,24,27,29–32 with two also utilizing CAP

preoperatively.27,29 Amilsari et al. demonstrated statistically signif-

icant improvement in CAP scores post-CI in 6 WS children (0.33

TABLE 2 Interventions and outcomes.

Study

Number

of implants Type of implant Implant laterality Approach Complications

Daneshi et al. 6 Nucleus 24 (4), Nucleus 22 (1),

MED-EL (combi 40+) (1)

UL (6) Not specified Non-reported

Migirov et al. 5 Nucleus 22 (2), Nucleus 24 (1),

Clarion (1), Med-El Combi 40

(1)

UL (5) Posterior

tympanotomy (3)

Suprameatal (2)

Reimplantation-device

failure (1)

Cullen et al. 7 Clarion (4), Nucleus 24 (1),

Nucleus 22 (1), Med-El Combi

40 (1)

UL (7) Not specified Seroma (1)

Reimplantation-device

failure (1)

Pau et al. 20 Not specified UL (20) Not specified Non-reported

Deka et al. 4 Nucleus 24 (4) UL (4) Posterior

Tympanotomy (4)

Non-reported

Amirsalari et al. 6 Nucleus 24 (6) UL (6) Not specified Non-reported

Kontorinis et al. 32 Clarion (6), Nucleus 24 (20),

Nucleus 22 (3), HiRes 90 K (3)

UL (18)

BL (7)

Not specified Reimplantation (3)

de Sousa Andrade et al. 7 CI24R (7) UL (7) Posterior

Tympanotomy (7)

Non-reported

El Bakkouri et al. 30 Not specified UL (30) Not specified Non-reported

Broomfield et al. 10 Not specified UL (10) Not specified Non-reported

Magalhães et al. 10 Nucleus 24 (8), Digisonic (2) UL (10) Not specified Non-reported

Koyama et al. 5 CI24RE (5) UL (5) Scala Tympani (5) Non-reported

van Nierop et al. 16 CI24RE (10), CI24M (3), CI500

(1)

UL (12)

BL (2)

Not specified Non-reported

Clar�os et al. 25 Cl24R (3), Cl24RE (19), Clarion

CII (3)

UL (19)

BL (3)

Posterior

Tympanotomy

(25)

CSF Gusher (4)

Polanski et al. 3 Contour Advance (2), HiFocus (1) UL (3) Not specified Reimplantation-displaced

electrode (1)

Fan et al. 8 Nucleus CI512 (8) UL (2)

BL (3)

Posterior

Tympanotomy (8)

Non-reported

Abbreviations: BL, bilateral; CSF, cerebrospinal fluid; UL, unilateral.
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TABLE 3 Pre-implantation assessment of hearing.

Study Descriptive analysis Pure tone audiometry

Speech perception/

intelligibility

Daneshi et al. Bilateral profound hearing loss

(n = 3)

Unaided (average) threshold: 86.7 dB

(75–95 dB)

CAP median: 0 (0–1), SIR
median: 1 (0–5), PAPT/HI
mean: 1.7% (0%–10%),

Persian spondee word test

mean: 4.1% (0%–25%)

Migirov et al. Bilateral profound hearing loss

(n = 5)

Unaided (average) threshold: 117 dB

(106–130)
Unaided voice detection level mean: 89 dB

(85–105 dB)

IT-MAIS (n = 1): 28%

ESP: unattainable (1), Category

1 (1), Category 2 (1),

Category 3 (1)

Cullen et al. Severe to profound hearing loss

(n = 7)

Not reported Not reported

Pau et al. 16 had normal intraoperative

EABR.

4 reported abnormal

intraoperative EABR.

Not reported Not reported

Deka et al. Congenital deafness with limited

language acquisition (n = 4)

Not reported Not reported

Amirsalari et al. WS group—profound-to-severe

hearing loss (n = 6)

Reference group—sensorineural

hearing loss (n = 75)

No significant difference in

baseline characteristics

Not reported WS group—CAP mean: 0.33

± 0.5, SIR mean: 0

Reference group—CAP mean:

0.49 ± 0.02, SIR mean: 0.47

± 0.03

No significant difference in

baseline speech perception

(p ≥ .05)

Kontorinis et al. WS group—hearing loss meeting

criteria for CI (n = 25)

Reference group—nonsyndromic

hearing loss (n = 50)

Not reported Not reported

de Sousa Andrade et al. WS group—documented bilateral

profound hearing loss and

limited acquired language

(n = 7)

Reference group—bilateral

profound hearing loss in

nonsyndromic children

(n = 261)

Not reported Not reported

El Bakkouri et al. WS group—profound prelingual

SNHL (n = 30)

Reference group—profound

prelingual SNHL with connexin

mutation (n = 85)

WS group—Unaided (average) threshold:

110 ± 10 dB

Reference group—Unaided (average)

threshold: 110 ± 10 dB

Not reported

Broomfield et al. Severe to profound hearing loss

(n = 10)

Not reported Not reported

Magalhães et al. Severe to profound hearing loss

(n = 10)

Unaided (average) threshold: 71.1 dB

(70–110 dB)

(2 absent)

Speech Perception (GASP/ESP):

0, IT-MAIS/MAIS mean:

14.7% (0–62.5), MUSS mean:

30% (0–80)

Koyama et al. Four patients diagnosed with

congenital hearing loss and one

with progressive hearing loss

Unaided (average) threshold: 117.2 dB

(105–135 dB)

Not reported

van Nierop et al. Not reported. Not reported Not reported

Clar�os et al. WS group—profound hearing loss

(n = 22)

Reference group—profound

bilateral deafness (n = 86)

WS group—Unaided (average) threshold:

95.4 dB ± 4.2

Reference group—Not reported

Not reported
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± 0.5 to 4.00 ± 1.26 (p < .05)) with no significant difference in out-

come when compared to a reference group of 75 implanted non-

syndromic children.29 Other assessment tools included speech

recognition scores (SRS), phoneme scores, Open-Set Words

(OSW), Closed-Set Words (CSW), CI-2004 test and the Melbourne

Speech Perception Score.

Speech intelligibility was assessed in 10 studies through a variety

of measures. The Speech Intelligibility Rating (SIR) was utilized in five

studies24,27,29,30,32 and the Meaningful Use of Speech Scale (MUSS)

was implemented in six to assess post-implantation speech intelligibil-

ity.24,26,30,34,37,38 Claros et al., demonstrated significantly better

speech intelligibility outcomes (SIR/MUSS) following CI compared to a

reference group of 86 implanted non syndromic hearing loss cases

(p < .05).24 No study used a formal framework to evaluate quality of

life following CI, although four studies provided descriptive analysis

through main method of communication and attendance of main-

stream education.25,27,30,35

Overall, outcomes were favorable following cochlear implantation

regardless of assessment method used. However, follow-up post

implantation was variable, as were the assessment tools used to

report audiological outcomes. Pre-implantation hearing status audiol-

ogy was not routinely reported and in many cases measures did not

correlate with those used post-CI limiting comparison. A number of

studies also provided comparison with reference groups however,

these groups were often much larger, limited baseline data and not

matched to the study population.

3.5 | Surgical outcomes

Five studies reported on intra- or post-operative complica-

tions.15,24,28,31,38 A total of 12 complications were reported in as

many patients. The most frequently reported were implant failure

and CSF gusher accounting for four cases each. In patients with

CSF gusher inner ear abnormalities were identified including two

cases of enlarged vestibular aqueduct (EVA), one common cavity

deformity (CCD) and one incomplete partition type II (IP-2) defor-

mity. The EVA and IP-II were related to WS type 2, and CCD to

WS type 4. Other less frequent complications included displaced

electrode, seroma formation and wound infection (Table 2).

4 | DISCUSSION

This systematic review and narrative synthesis reports on outcomes

of cochlear implantation in profoundly deafened children diagnosed

with WS. To the authors' knowledge, this is the first systematic review

on this topic.

There were good audiological outcomes found across all studies,

with the majority of patients reporting benefit from cochlear implan-

tation. A wide range of assessment tools were used with few studies

having comparable pre- and post-operative assessment tools. Where

comparable measures were used improvement in CAP and MAIS

score demonstrated improvement from baseline assessment for

speech recognition.26,27,29 Similarly, where SIR or MUSS scores were

reported pre- and post-implantation, studies demonstrated improved

functionality following cochlear implantation.26,27,29 Whilst the

majority of studies assessed either pure-tone audiometry or

speech perception postoperatively, all studies that assessed

speech intelligibility showed improvement in the linguistic ability

following CI.24,26,27,29,30,32,34

Five studies also compared WS outcomes to reference groups of

other causes of hearing loss undergoing CI.24,25,29,30,36 Amirsalari

et al., highlighted significantly better SIR scores in reference group but

no difference in CAP post CI.29 Conversely, Claros et al., identified

that WS patients had better SIR but worse CAP scores. Two studies

highlighted no significant difference in speech intelligibility or speech

perception scores between WS and reference groups post-CI.30,36 As

such it appears that CI outcomes in WS patients are comparable to

other indications for CI however, often little to no data on baseline

characteristics of reference groups were provided and in all studies

number of cases in reference populations vastly outnumbered the

study group.

Studies highlighted several factors which may be associated with

poorer outcomes following CI. These included delayed implantation,

concomitant cognitive impairment and poor engagement with

TABLE 3 (Continued)

Study Descriptive analysis Pure tone audiometry

Speech perception/

intelligibility

Polanski et al. Bilateral profound hearing loss

(n = 3)

Not reported Hearing and speech category:

H—0 S—1

IT-MAIS/MAIS mean: 3%

(2.5–5), MUSS mean: 10.8%

(5–20)

Fan et al. Bilateral severe deafness (n = 5) EABR >97 dB, failed otoacoustic emissions Not reported

Abbreviations: CI, Cochlear Implantation; CAP, Categories of Auditory Performance; EABR, Evoked Auditory Brainstem Response; ESP, Early Speech

Perception test; GASP, Glendonald Auditory Screening Procedure; IT-MAIS, Infant-Toddler Meaningful Auditory Integration Scale; MAIS, Meaningful

Auditory Integration Scale; MUSS, Meaningful Use of Speech Scale; PAPT/HI, Persian Auditory Perception Test for the Hearing Impaired; SIR, Speech

Intelligibility Rating; WS, Waardenburg Syndrome.
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rehabilitation. Claros et al., discussed the importance of early implan-

tation demonstrating benefit from CI in their population of children

with WS implanted before the age of three.24 The rationale for early

implantation is based on there being a period of maximal neural plas-

ticity in the auditory pathways which ends at around age 3.5.39,40 This

was supported by Magalhaes et al., who found that in their cohort

children who had later implantation after the age of three had worse

hearing and speech outcomes following CI, these children also had

later initial fitting of hearing aids and aural rehabilitation.26 Con-

versely, Amirsalari et al., found that age at implantation had no signifi-

cant effect on hearing and speech outcomes however, this may

influenced by their small study population.29 Van Nierop et al., found

that early implantation alone was not sufficient as the presence of

cognitive and physical impairments in their early implanted cohort also

resulted in poorer post-CI hearing outcomes.25 Family engagement in

rehabilitation was also an important factor in hearing and speech out-

comes post-CI. Magalhaes et al., identified that children with lower

levels of family engagement in the rehabilitation process and poor

acceptance of the device tended toward poorer speech outcomes

even in the presence of improved speech perception.26

The effect of WS subtype on audiological outcomes post-CI was not

established, with only 12 studies detailing a broad spectrum of subtypes

through clinical or genetic assessment of patients.24,25,27,28,30–32,34 No

negative impact on audiological outcomes was demonstrated follow-

ing cochlear implantation regardless of the responsible mutation. Sub-

analysis of audiological outcomes with varying genetic mutations was

only possible in five patients given the heterogeneity of audiological

measures; there was no difference between the two gene mutations,

PAX3 and MITF, and post-implantation linguistic ability,25,30 but such

a small sample size can only demonstrate huge effect sizes.

The majority of WS patients who underwent either CT or MRI

were found to have normal imaging and demonstrated functional

improvement following CI.27,28,31,32,34 Moreover, those with IP-2,

EVA, malformation of semicircular canals, vestibule or cochlea preop-

eratively did not exhibit a detrimental impact on audiological out-

comes.15,24,25,30,31,37 Although radiological findings had no reported

impact on hearing and speech outcomes studies provided limited data

on type and detail of imaging as well as reported outcome variables. It is

important to note that all intraoperative gusher leaks occurred in patients

with imaging demonstrating IP-2, EVA or common cavity deformity

highlighting potential increased risk of complication in these patients.24

4.1 | Limitations and recommendations

This is an uncommon condition and as such studies present small sam-

ple sizes and varied outcome measures limits pooled analysis. These

issues could be addressed by large-scale mandatory registries of

implantation recipients and results, particularly useful for such types

of rare diseases. Such registries are not yet in use but the proliferation

of electronic patient records and increased interest in outcome mea-

sures is likely to drive adoption. While a number of challenges exist in

the implementation of national registries, including oversight, funding

and legal implications, there are trends toward the development of

such a database for cochlear implantation.40,41

Additionally, the inclusion of studies presenting a diverse

spectrum of audiological outcomes, many without reported

pre-implantation audiological assessment, resulted in heterogeneity.

Moreover, the categorical scales used for measurement of perfor-

mance outcome following CI are subjective, being dependent on

the assessing clinician's judgment. The audiological tools have

been developed for assessment of individuals with hearing loss

and therefore comparison to normative population outcomes is

not possible. The use of standardized auditory and spoken lan-

guage assessment tools, in addition to audiology, would allow clini-

cians the ability to critically assess outcomes following cochlear

implantation as well as facilitate the synthesis of a wider pool of

data and provide opportunities to more accurately assess out-

comes on a larger scale.

Furthermore, assessment of appropriate diagnosis, either by

genetic analysis or clinical classification, was difficult to ascertain in

the included studies. For the five studies including genetic analysis to

aid or support diagnosis of WS, it was evident that not all genetic

mutations had been tested for in each patient. In the future, it would

be useful if genetic testing and appropriate counseling could be

undertaken whenever possible, with a variety of gene loci mutations

being assessed regardless of the phenotypical clinical classification of

the disease.

5 | CONCLUSION

CI in congenitally deafened children with WS is a well-established

intervention as a method of auditory rehabilitation. However, due to

the uncommon nature of the condition, there is a lack of large-scale

high-quality studies examining the use of CI in this patient group.

Importantly children with WS are at risk of temporal bone abnormali-

ties which may complicated CI and as such imaging is vital for prior to

intervention for surgical planning. Overall, outcomes following CI are

good with most patients demonstrating improved audiometry, speech

perception and speech intelligibility. Outcomes are also comparable to

those of other cohorts of congenitally deafened children. Although

further high-quality studies are required, the existing evidence base

supports the use of cochlear implantation in appropriately selected

cases.
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26. Magalhães AT, Samuel PA, Goffi-Gomez MV, Tsuji RK, Brito R,

Bento RF. Audiological outcomes of cochlear implantation in Waar-

denburg syndrome. Int Arch Otorhinolaryngol. 2014;17(3):285-290.

doi:10.7162/S1809-97772013000300009 PMID: 25992025;

PMCID: PMC4399710.

27. Daneshi A, Hassanzadeh S, Farhadi M. Cochlear implantation in chil-

dren with Waardenburg syndrome. J Laryngol Otol. 2005;119(9):719-

723. doi:10.1258/0022215054797943 PMID: 16156914.

28. Migirov L, Henkin Y, Hildesheimer M, Muchnik C, Kronenberg J. Cochlear

implantation in Waardenburg's syndrome. Acta Otolaryngol. 2005;125(7):

713-717. doi:10.1080/00016480510029383 PMID: 16012032.

29. Amirsalari S, Ajallouyean M, Saburi A, Haddadi Fard A, Abed M,

Ghazavi Y. Cochlear implantation outcomes in children with

Waardenburg syndrome. Eur Arch Otorhinolaryngol. 2011;269(10):

2179-2183. doi:10.1007/s00405-011-1877-3 PMID: 22159916.

30. de Sousa Andrade SM, Monteiro AR, Martins JH, et al. Cochlear

implant rehabilitation outcomes in Waardenburg syndrome children.

Int J Pediatr Otorhinolaryngol. 2012;76(9):1375-1378. doi:10.1016/j.

ijporl.2012.06.010 PMID: 22784507.

31. Kontorinis G, Lenarz T, Giourgas A, Durisin M, Lesinski-Schiedat A.

Outcomes and special considerations of cochlear implantation in

Waardenburg syndrome. Otol Neurotol. 2011;32(6):951-955. doi:10.

1097/MAO.0b013e31821b3ae3 PMID: 21512421.

32. Deka RC, Sikka K, Chaturvedy G, et al. Cochlear implantation in

Waardenburg syndrome: the Indian scenario. Acta Otolaryngol. 2010;

130(10):1097-1100. doi:10.3109/00016481003713640 PMID:

20443755.

33. Pau H, Gibson WP, Gardner-Berry K, Sanli H. Cochlear implantations

in children with Waardenburg syndrome: an electrophysiological and

psychophysical review. Cochlear Implants Int. 2006;7(4):202-206. doi:

10.1179/cim.2006.7.4.202 PMID: 18792389.

34. Koyama H, Kashio A, Sakata A, et al. The hearing outcomes of

Cochlear implantation in Waardenburg syndrome. Biomed Res Int.

2016;2016:2854736. doi:10.1155/2016/2854736 PMID: 27376080;

PMCID: PMC4916269.

1106 LOVETT ET AL.

https://orcid.org/0000-0002-8790-2722
https://orcid.org/0000-0002-8790-2722
https://orcid.org/0000-0003-3065-0269
https://orcid.org/0000-0003-3065-0269
https://orcid.org/0000-0001-7343-7105
https://orcid.org/0000-0001-7343-7105
https://orcid.org/0000-0001-8050-3617
https://orcid.org/0000-0001-8050-3617
https://ghr.nlm.nih.gov/condition/waardenburg-syndrome#statistics
https://ghr.nlm.nih.gov/condition/waardenburg-syndrome#statistics
info:doi/10.1111/cge.12631
info:doi/10.1017/s002221510011196x
info:doi/10.1017/s002221510011196x
info:doi/10.1101/gad.8.22.2770
info:doi/10.1101/gad.8.22.2770
info:doi/10.1086/522090
info:doi/10.1038/ng1194-251
info:doi/10.1038/ng0894-509
info:doi/10.1038/ng0298-171
info:doi/10.1016/j.bbrc.2014.02.047
info:doi/10.1136/jmg.37.6.446
info:doi/10.1093/nar/27.6.1409
info:doi/10.1097/01mlg.0000221959.67801.9b
info:doi/10.1097/01mlg.0000221959.67801.9b
info:doi/10.3174/ajnr.A3367
https://www.cebm.net/index.aspx?o=5653
info:doi/10.1080/21695717.2019.1630979
info:doi/10.1159/000444120
info:doi/10.7162/S1809-97772013000300009
info:doi/10.1258/0022215054797943
info:doi/10.1080/00016480510029383
info:doi/10.1007/s00405-011-1877-3
info:doi/10.1016/j.ijporl.2012.06.010
info:doi/10.1016/j.ijporl.2012.06.010
info:doi/10.1097/MAO.0b013e31821b3ae3
info:doi/10.1097/MAO.0b013e31821b3ae3
info:doi/10.3109/00016481003713640
info:doi/10.1179/cim.2006.7.4.202
info:doi/10.1155/2016/2854736


35. Broomfield SJ, Bruce IA, Henderson L, Ramsden RT, Green KM.

Cochlear implantation in children with syndromic deafness. Int J

Pediatr Otorhinolaryngol. 2013;77(8):1312-1316. doi:10.1016/j.ijporl.

2013.05.022 PMID: 23773333.

36. El Bakkouri W, Loundon N, Thierry B, et al. Cochlear implantation

and congenital deafness: perceptive and lexical results in 2

genetically pediatric identified population. Otol Neurotol. 2012;

33(4):539-544. doi:10.1097/MAO.0b013e31824bae35 PMID:

22569142.

37. Fan W, Ni K, Chen F, Li X. Hearing characteristics and cochlear

implant effects in children with Waardenburg syndrome: a case

series. Transl Pediatr. 2022;11(7):1234-1241.

38. Polanski JF, Kochen AP, de Oliveira CA. Hearing and speech perfor-

mance after cochlear implantation in children with Waardenburg syn-

drome. Codas. 2020;32(6):e20180295.

39. Eggermont JJ, Ponton CW. Auditory-evoked potential studies of cor-

tical maturation in normal hearing and implanted children: correla-

tions with changes in structure and speech perception. Acta

Otolaryngol. 2003;123:249-252.

40. Mandavia R, Knight A, Phillips J, Mossialos E, Littlejohns P, Schilder A.

What are the essential features of a successful surgical registry? A

systematic review. BMJ Open. 2017;7(9):e017373.

41. Mandavia R, Knight A, Carter AW, et al. What are the requirements

for developing a successful national registry of auditory implants? A

qualitative study. BMJ Open. 2018;8(9):e021720. doi:10.1136/

bmjopen-2018-021720 PMID: 30209155; PMCID: PMC6144326.

How to cite this article: Lovett A, Eastwood M, Metcalfe C,

Muzaffar J, Monksfield P, Bance M. Outcomes of Cochlear

implantation in early-deafened patients with Waardenburg

syndrome: A systematic review and narrative synthesis.

Laryngoscope Investigative Otolaryngology. 2023;8(4):

1094‐1107. doi:10.1002/lio2.1110

LOVETT ET AL. 1107

info:doi/10.1016/j.ijporl.2013.05.022
info:doi/10.1016/j.ijporl.2013.05.022
info:doi/10.1097/MAO.0b013e31824bae35
info:doi/10.1136/bmjopen-2018-021720
info:doi/10.1136/bmjopen-2018-021720
info:doi/10.1002/lio2.1110

	Outcomes of Cochlear implantation in early-deafened patients with Waardenburg syndrome: A systematic review and narrative s...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Eligibility criteria
	2.2  Study inclusion criteria
	2.3  Search strategy
	2.4  Selection of studies
	2.5  Data extraction
	2.6  Risk of bias quality scoring
	2.7  Synthesis of results

	3  RESULTS
	3.1  Description of studies
	3.2  Demographics
	3.3  Quality of studies
	3.4  Audiological outcomes
	3.5  Surgical outcomes

	4  DISCUSSION
	4.1  Limitations and recommendations

	5  CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


