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List of abbreviations.  

SNHL – Sensorineural Hearing Loss 

ERN – European Reference Network 

HAS – Haute Autorité de Santé (French National Authority for Health) 

ENT – Ear, Nose, and Throat  

SLC26A4 – Solute Carrier Family 26 Member 4 (gene associated with Pendred syndrome) 

CT – Computed Tomography 

MRI – Magnetic Resonance Imaging 

ELDS – Bilateral enlargement of the endolymphatic duct and sac 

L-thyroxine – Levothyroxine (thyroid hormone treatment) 

NGS – Next Generation Sequencing 

HGMD – Human Gene Mutation Database 

CGH-array – Comparative Genomic Hybridization array 

MLPA – Multiplex Ligation-dependent Probe Amplification 

BOR – Branchio-Oto-Renal syndrome 

DFNB4 – Non-syndromic Deafness type 4 caused by SLC26A4 mutations 

ABR – Auditory Brainstem Response 

ASSR – Auditory Steady State Response 

OAE – Otoacoustic Emissions 

VHIT – Video Head Impulse Test 

cVEMP – Cervical Vestibular Evoked Myogenic Potentials 

oVEMP – Ocular Vestibular Evoked Myogenic Potentials 

BMI – Body Mass Index 

TSH – Thyroid Stimulating Hormone 

FT4 – Free Thyroxine 

EU-TIRADS – European Thyroid Imaging Reporting and Data System 

LEDS - Large Endolymphatic Duct Syndrome (radiological inner ear finding) 

µg/kg/d — Micrograms per kilogram per day (dosage measure) 

T3L — Liothyronine (T3 hormone) 

mUI/L — milli-International Units per Liter (measure of hormone concentration) 

AC-anti-TPO — Anti-Thyroid Peroxidase Antibodies (autoimmune thyroid antibodies)  
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Summary  

Pendred Syndrome is a genetic disease. Its prevalence is estimated at 1-9/100 000. 

This syndrome combines two main signs: a SNHL with early onset (congenital) and a goitre. The prognosis 

is primarily auditory, since the severity of the hearing loss will limit the reception of speech and hinder the 

appropriation of the oral language, resulting in a social impact. 

The first clinical sign is a congenital sensorineural hearing loss with early onset (before 3 years). 

This is most often bilateral and asymmetric. If it is not a profound hearing loss, the hearing deficit is 

generally fluctuating and progressive in time. Episodes of sudden worsening can occur at any time. SNHL 

is systematically associated with a bilateral malformation of the inner ear (including bilateral enlarged 

vestibule aqueduct) visible on a temporal bones CT or an internal auditory canals MRI. The existence of 

this malformation of the inner ear during the management of a sensorineural hearing loss  makes it 

possible to suspect the diagnosis of Pendred syndrome before the onset of thyroid signs. Signs of 

vestibular impairment may be associated in a large number of patients. They will be manifested either in 

delayed motor acquisition if vestibular dysfunction is congenital and bilateral, or vertigo episodes in case 

of lateral semicircular canal dysfunction. 

Diagnosis and management of hearing and vestibular disorders of young children should be carried out in 

a pediatric ENT service. The diagnosis is based on objective and subjective age-appropriate hearing tests. 

The management of the hearing loss is based on the use of an auditory prosthesis (hearing aids or 

cochlear implants depending on hearing loss severity), and speech therapy. The management of 

vestibular disorders combines drug treatments and specific physiotherapy. Due to the progressive nature 

of the hearing loss, the audiological assessment should be repeated during follow-up, at least annually if 

the hearing loss is stable or even more frequent depending on the patient’s symptoms. 

Thyroid disorders most often occur around adolescence. They are diagnosed by the appearance of an 

eu- or hypothyroidal goitre or aspecific signs of hypothyroidism. Thyroid dysfunction can also be diagnosed 

during systematic monitoring of a child with hearing loss due to biallellic SLC26A4 pathogenic variations. 

In the case of hypothyroidism, treatment is based on oral L-thyroxine, from diagnosis throughout the entire 

life span. In the absence of compressive signs and nodular pathology, clinical and ultrasound monitoring 

of goitre may be proposed (1 time/year to paediatric age and 1 time/2 years to adulthood). Thyroidectomy 

should be avoided, if possible, especially in children, in order to limit the risk of post-operative 

complications. Its indication and implementation are the responsibility of the expert centres after multi-

disciplinary consultation. 

The diagnosis of Pendred’s syndrome is confirmed by a genetic analysis requested in case of a SNHL 

associated to a bilateral enlargement of the endolymphatic ducts/sacs.  Biallellic SLC26A4 pathogenic 
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variations is responsible for almost 100 % of cases of Pendred syndrome, but also for an isolated form of 

SNHL having the same characteristics without thyroid dysfunction. It is estimated that 10 % of children 

with biallellic SLC26A4 pathogenic variations will develop Pendred syndrome. Pendred syndrome is 

transmitted with an autosomal recessive mode of inheritance. A couple of parents, having a child with 

Pendred syndrome, has a 25% risk of recurrence during each pregnancy of having another child with 

Pendred syndrome,  be it a boy or a girl. 

There are no other known pathologies today associated with Pendred syndrome. No specific medical 

treatment for Pendred syndrome is currently available. Gene therapy remains limited to research. 

The diagnosis and follow up of this syndrome should be organised in a specialised centre or by 

professionals in collaboration with a specialised centre. 
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1 Introduction 

Pendred Syndrome is a genetic disease. Its prevalence is estimated at 1-9/100 000. This syndrome 

combines two main signs: congenital or early onset SNHL and a goitre. This syndrome is due to biallellic 

SLC26A4 pathogenic variations and transmitted with an autosomal recessive mode of inheritance. 

2. Purpose and Scope of the ERN supported protocol 

This document is a diagnostic and care protocol supported by the European Reference Network (ERN). 

Its purpose is to inform healthcare professionals about the current best practices for the diagnosis, 

treatment, and long-term management of patients with Pendred syndrome. The protocol aims to improve 

and harmonize care for this rare disease across Europe. 

The development of this protocol follows the methodological principles outlined in the Method for the 

Development of a National Protocol for Diagnosis and Care for Rare Diseases, published by the French 

Haute Autorité de Santé (HAS) in 2012 (methodological guide available on the HAS website: www.has-

sante.fr). Originally developed in France, the protocol was translated from French into English within the 

ERN framework, ensuring alignment with recognized standards for rare disease care protocol 

development. 

It is important to note that this document cannot account for all individual clinical scenarios, comorbidities, 

or local healthcare practices. It is not an exhaustive care plan and does not replace the professional 

judgment or responsibility of the treating physician. Rather, it provides a framework to support 

standardized care for patients with Pendred syndrome, which should be adapted to individual clinical 

contexts. 

This protocol will be updated regularly as new validated evidence becomes available. 

3. Diagnosis and Initial Assessment 

3.1 Objectives 

- To make an early diagnosis of Pendred syndrome and organise specialised medical visits during 

the initial assessment (ENT, endocrinologists, geneticists). 

- To organise an age-appropriate hearing loss management. 

- To provide appropriate surgical management in case of severe to profound hearing loss. 

http://www.has-sante.fr/
http://www.has-sante.fr/


PNDS “Pendred Syndrome” 

Genetic Deaf Reference Centre-March 2021 

7 

 

 

- To organise long-term monitoring, in particular audiological. 

- To inform parents about the different ways and stages of care for their child 

- To evaluate thyroid functional impairment of Pendred syndrome. 

- To evaluate thyroid morphological impairment of Pendred syndrome. 

- To inform about the need for extended thyroid follow-up from childhood to adulthood. 

- To inform about the necessity of monitoring thyroid nodules if they exist, similar to the monitoring 

of thyroid nodules in the general population. 

- To provide psychological care for children and their families. 

- To propose contact with a patient association. 

- To inform about the need for long-term follow-up. 

3.2 Professionals involved (and coordination arrangements) 

The diagnosis of the disease is the responsibility of specialist doctors: geneticists, ENT and 

endocrinologists. 

Diagnosis, initial evaluation and overall patient management are based on multidisciplinary collaboration 

and involve: 

• Paediatricians or general practitioners: follow-up; 

• Oto-rhino-laryngologists: in initial diagnosis, management, and follow-up; 

• Endocrinologist or pediatric endocrinologist: initial diagnosis, care, and follow-up; 

• Clinical geneticist: initial diagnosis, care, and follow-up; 

• Genetics Counsellor: care, and follow-up; 

• Radiologists: initial diagnosis; 

• Radio-isotopist: diagnosis of thyroid disorders; 

• Surgeon: surgical management of the goitre, if necessary; 

• Audioprosthesist: adaptation and follow-up of hearing aids; 

• Speech therapists specialised in the care of pediatric hearing loss: assessment and rehabilitation of 

the language in the hearing impaired child, and hearing rehabilitation, either by conventional hearing 

aid or by cochlear implant; 
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• Physiotherapists specialised for the management of children’s vestibular disorders or delayed motor 

development; 

• Nurse: initial diagnosis, care and follow-up; 

• Psychologists: care and follow-up; 

• Social workers: support and follow-up. 

All of these professionals work in conjunction with the patient’s reference physician, whether they are 

pediatric or adult. 

3.3 Circumstances of discovery/Suspicion of diagnosis 

We can discuss three main circumstances for the discovery of Pendred syndrome: 

- Evidence of internal ear malformations including a bilateral enlargement of the endolymphatic 

duct/sac during the initial radiological check-up in a hearing impaired child; 

- The appearance of a goitre or hypothyroidism in a hearing impaired child or young adult; 

- The existence of a family history of Pendred syndrome in a hearing impaired child or adult. 

The diagnosis will only be confirmed when biallellic SLC26A4 pathogenic variations are confirmed. 

Some common clinical features of hearing loss may, however, suggest the possibility of Pendred 

syndrome: 

- Congenital or pre-lingual appearance 

- Fluctuating hearing loss 

- Episodes of sudden worsening of hearing loss with dizziness and tinnitus 

- Association with vestibular symptoms. 

 

Two radiological characteristics are also evocative, especially if they are associated: 

- Bilateral ELDS 

- Malformation of the cochlea type Mondini: Bilateral ELDS associated with cochlear malformation. 

3.4 Confirmation of diagnosis/differential diagnosis 

3.4.1 Confirmation of diagnosis 
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The clinical geneticist sends a sample (blood or saliva) of the patient to the molecular diagnostic laboratory 

for confirmation of diagnosis by analysis of the SLC26A4. 

SLC26A4 analysis has been extensively performed since its involvement in Pendred syndrome and 

isolated deafness called DFNB4. 

Sanger sequencing remains the reference method (43 articles), but more and more laboratories perform 

this analysis using high-throughput sequencing that screens a large number of genes at a time (NGS). It 

is necessary to study the whole coding sequence of SLC26A4 and not limit the analysis to the most 

commonly  mutated exons. 

The pathogenic variations found are numerous and varied: 600 were listed by HGMD (2025-1 release). In 

terms of frequency, there are mostly missense or nonsense variations (375 followed by anomalies in 

canonical splice sites (81), small deletions, insertions or indels (deletion/insertion). 13 major deletions and 

two complex rearrangements were described. 

Since Pendred syndrome is transmitted with an autosomal recessive mode (Appendix 4), the diagnosis 

can only be confirmed by the identification of pathogenic variations of the two copies of this gene in the 

patient. 

However, the number of patients with bilateral ELDS carrying only one SLC26A4 pathogenic variation, is 

larger than expected in the general population. Several unconfirmed hypotheses have been put forward 

to explain this observation: 

- Pathogenic variations in the promoting region, in particular at FOXI transcription factor fixation 

sites. 

- A digenic inheritance with a pathogenic variation of the FOXI1 gene in trans (on the other allele) 

of a SLC26A4 pathogenic variation. 

- A digenic inheritance with a pathogenic variation of the KCNJ10 gene in trans of a SLC26A4 

pathogenic variation. 

- Presence of large trans SLC26A4 rearrangements; can be identified by CGH-array or MLPA. 

- Existence of a haplotype (of the name CEVA) common to many families, suggesting that another 

recurrent anomaly remains to cover (deep intronic pathogenic variation, in non coding regions...) 

in trans of a SLC26A4 pathogenic variation. 

Once the molecular diagnosis has been established for the index case, genetic testing in both parents is 

recommended to verify the segregation of pathogenic variations. 
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Subsequently, a molecular study of the relatives at risk of carrying one or two SLC26A4 pathogenic 

variations could be proposed. 

3.4.2 Differential diagnosis 

There are no other known pathology today associating all the signs of Pendred syndrome: SNHL, bilateral 

ELDS and thyroid goitre. 

SNHL with ELDS can be found in other genetic syndromes, associated with other clinical signs, which are 

not found in Pendred syndrome, such as BOR, Kabuki, BOF and Down syndromes or Deafness and 

Tubular Acidosis. 

On the other hand, there are other genetic syndromes combining hearing loss and thyroid pathology but 

without malformation of the inner ear and with many other clinical signs (Wolfram Syndrome, Alström 

syndrome). 

Biallellic SLC26A4 pathogenic variations are responsible for almost 100 % of cases of Pendred syndrome 

but also an isolated form of deafness with the same characteristics, without thyroid dysfunction (DFNB4). 

It is estimated that 10 % of children with bilallelic SLC26A4 pathogenic variations will develop Pendred 

syndrome. 

Since the existence of a neonatal goitre or congenital hypothyroidism as part of a Pendred syndrome is 

exceptional, it must prompt a search for other causes of thyroid dysfunction.   

Initial Assessment 

3.4.3 Auditory assessment 

Pendred syndrome is most often diagnosed during the initial assessment of a child’s hearing loss. 

Hearing loss in Pendred syndrome (biallellic SLC26A4 pathogenic variations) is most often a severe and 

bilateral hearing loss. It can be asymmetrical. In unilateral cases, it is necessary to be very vigilant when 

monitoring the normal ear, which can degrade secondarily and sometimes suddenly. The severity of 

hearing loss varies from one patient to another. Hearing loss occurs at birth or in the prelingual period in 

two thirds of cases but may occur later. In these cases, the circumstances of discovery are rather related 

to an episode of sudden deafness or to the discovery of a goitre with hearing loss without prior etiological 

diagnosis. Hearing impairment may have a mixed component (related to a 3rd window phenomenon of 

the inner ear). 

All patients require an age-appropriate auditory assessment including: 
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- tonal audiometry (air and bone conduction thresholds with contralateral masking); 

- speech audiometry; 

- tympanometry; 

 

- ABR or ASSR for diagnosis when the child is very young or to confirm the hearing loss or to exclude 
aggravation if necessary. 

In children under two years of age, it is recommended that objective audiometric testing is  re-aligned with 

age-appropriate behavioral audiometric tests. These tests must be completed by objective hearing tests 

to determine and confirm the level of hearing impairment (OAE, ABR and ASSR). 

In order to assess the impact of the hearing loss in the child, it is recommended to assess speech-and 

language development 

3.4.4 Vestibular tests 

Available studies dealing with vestibular disorders related to biallellic SLC26A4 pathogenic variations do 

not differentiate syndromic forms (Pendred syndrome) from non-syndromic forms (DFNB4), in part due to 

the low number of patients studied. 

One to three quarters of patients with to biallellic SLC26A4 pathogenic variations have clinical signs of 

vestibular dysfunction (dizziness or instability). However, vestibular dysfunction (mainly hyporeflexia 

during caloric testing) appears to be present in a majority of patients even not symptomatic. There is no 

description of the otolithic dysfunction in Pendred syndrome today. 

Thus, all patients should have a vestibular checkup that includes: 

- a detailed history for vestibular symptoms; 

- a VHIT; 

-  caloric testing to assess the function of the posterior semicircular canal  

- otolithic evoced potentials (cVEMP and oVEMP). 

An increase in amplitudes and a lower cVEMP threshold (to 250 and 500 Hz) has been reported in several 

studies in patients with LEDS (all causes combined including patients with Pendred syndrome), probably 

due (such as mixed deafness) to the presence of a third window. 

In children with psychomotor retardation and/or important vestibular impairment, a psychomotor 

assessment is recommended. 

3.4.5 Radiological assessment of the ear 
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Imaging is an integral part of the assessment of the child’s congenital hearing loss. This includes, 

depending on the type of hearing loss computerized tomography (CT) of the temporal bones or magnetic 

resonance imaging of the internal inner ear canals, or even the combination of both in an assessment for 

a cochlear implantation. It must be performed in a specialised centre with expertise in imaging for ENT 

and pediatrics.   

For computerized tomography, irradiation doses must be adapted to the age of the child. Depending on 

the age of the child, a sedation (or general anesthesia) may be necessary. 

A CT is used to analyse the middle ear and bony labyrinth 

A MRI allows to visualise the membranous labyrinth. The MRI is also used to analyse cochleovestibular 

and facial nerves, and to search for congenital or acquired brain abnormalities. 

Radiological abnormalities of Pendred syndrome are not specific to Pendred syndrome. They may be 

present outside this syndrome, or in children with DFNB4 (isolated hearing loss due to biallellic SLC26A4 

pathogenic variations). But in case of Pendred syndrome, these anomalies are always the same: 

- Bilateral expansion of the vestibule aqueduct (CT) or endolymphatic duct and sac (MRI); 

- Normal cochlea or incomplete partition type II (classification of Sennaroglu : No differentiation of 

the intermediate and apical turns of the cochlea, with no visibility of the spiral ligament at this leve)l; 

- Normal or hypoplastic cochlea; 

- Normal or enlarged vestibule. 

These anomalies are always bilateral, but may be more or less marked and asymetric 

3.4.6 Endocrine review 

• Clinical examination 

At the paediatric age 

- Assess weight, size, head circumference, body mass index (BMI) according to age and sex , 

pubertal stage and analysis of staturo-ponderal growth; 

- Arterial Blood pressure; 

- Palpation of the thyroid gland to search for a goitre, thyroid nodules or cervical adenopathies; 

- Measurement of neck circumference 

- Search for the examination of functional signs of hypothyroidism: digestive (constipation, weight 

gain), fatigue, drowsiness, attention deficits and learning problems, chilliness, sleep disorders. 
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In adulthood 

- Clinical examination: age, weight, height, body mass index (BMI), blood pressure; 

- Palpation of the thyroid gland and search for a goitre, thyroid nodules or adenopathy; 

- Looking for functional signs of hypothyroidism; 

- Looking for signs of compression due to thyroid enlargement dyspnea, dysphagia, dysphonia, 

vena cava superior syndrome 

• Paraclinical examinations 

Paraclinical examinations are adapted to the patient’s age at the time of diagnosis and consist mainly of: 

- Measuring thyroid hormones (TSH, FT4) and testing for autoimmunity markers (anti-

thyroperoxidase antibodies); 

- Thyroid ultrasound by a specialised radiologist with description of the position of the thyroid, 

measurement of the size of the two lobes and thyroid isthmus, vascularization and echogenicity-, 

search for a nodular pathology with classification according to the EU- TIRADS score; 

- Thyroid scintigraphy with iodine 123 perchlorate discharge test, to evaluate the uptake of iodine 

(Annexes 7 and 8). 

3.6 Assessment of severity/extension of disease/comorbidity 

research/prognostic evaluation 

3.6.1 Prognosis 

The impact of this syndrome is primarily auditory, since the severity and early presentation of hearing loss 

will affect language learning and social, academic and cognitive development.  Severe or profound 

bilateral hearing loss should prompt a discussion of cochlear implant surgery and long-term 

multidisciplinary follow-up. 

In cases of mild to moderate hearing loss, the evolution of hearing impairment is most often marked by 

episodes of worsening. Hearing evolution can be progressive over several years (even during adulthood) 

or be accompanied by episodes of sudden deafness, tinnitus and vestibular symptoms. In the event of 

asymmetrical or unilateral hearing loss, special attention should be paid to the risk of progressive hearing 

loss in the better hearing ear. The patient should be informed about of the risk of sudden worsening of 

hearing. These aggravations can be triggered by mechanical trauma (even with minor cranial trauma), 
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sudden changes in environmental pressure, noise trauma, or in the context of upper airway infection or 

fever and at any age. 

3.6.2 Severity 

The type of the SLC26A4 variation does not predict the evolution of the pathology (no genotype-phenotype 

correlation). It is estimated that 10 % of children with SLC26A4 biallelic mutations will develop Pendred 

syndrome. To date, there are no factors to predict the onset of this syndrome in children with hearing loss 

due to  biallelic SLC26A4 variations. 

Neither the evolution nor the initial severity of hearing impairment have been associated with radiological 

abnormalities (e.g. no correlation with the size of the LEDS). 

The malformation of the inner ear found in Pendred syndrome can lead to difficulties during cochlear 

implant surgery: 

- Risk of leakage of peri-lymphatic fluid (Gusher) which is in practice should be anticipated and 

controlled for during surgery; 

- Risk of malposition of the electrode holder and partial insertion of the electrode holder in case of 

Gusher; 

- More difficult clogging of the cochleostomy; 

- Increased risk of vestibular damage or post-operative dizziness. 

There is an increased risk of bactorial meningitis when there is a malformation of the inner ear. Therefore, 

pneumococcal vaccination is recommended in patients with Pendred syndrome. It is based on the 13-

valent vaccine (Prevenar) and combines the 13-valent (Prevenar) vaccine with the 23-valent vaccine 

(Pneumovax) from the age of 6 years (Please refer to your own national guidelines for pneumococcal 

vaccination in high risk patients). 

 

3.7 Discussion of the diagnosis with the patient and it's parents/caregivers  

The announcement must be organised in a specialised centre, or in a centre with professionals in 

collaboration with a specialised centre (Annex 2). The presence of a psychologist is recommended. 

The main characteristics of the syndrome, the possibilities of care and follow-up are explained to parents 

and the patient according to their age at the time of the diagnosis. Also discussed are the mode of 

transmission and genetic counselling (see next chapter). 
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The possibility to become a member of a patient association is discussed. 

Psychological care for the child and his or her family may be offered. 

It is desirable that a document containing the above-mentioned elements be given to the parents and the 

patient according to their age. A copy is provided to the pediatrician or family doctor. 

3.8 Genetic counselling 

Pendred syndrome (and isolated deafness DFNB4) are transmitted with an autosomal recessive mode. A 

couple of parents who have a child with Pendred syndrome have a 1/4 risk of having one affected child in 

every pregnancy, be it a boy or a girl (Appendix 3). 

An affected adult has a very low risk of having affected children except in the case of a union with a person 

with the same pathology or in case of consanguinity. 

Similarly, the frequency of SLC26A4 heterozygous pathogenic variation in the general population is low 

(<1 %), the risk of recurrence of the syndrome is low for a healthy relative, accepted in case of 

consanguinity. However, genetic counselling may be offered to the patient’s spouse or other family 

members. 

If there is a risk of recurrence during pregnancy, the couple may request a prenatal diagnosis or a 

preimplantation diagnosis from a multidisciplinary Centre for Pre-natal Diagnostics. The latter assesses 

the eligibility according to the terms of the law prevailing in the country of interest, and the feasibility of 

this request. 

For all these steps, it is recommended to meet with clinical geneticists familiar with this condition. 

4 Therapeutic Management 

4.1 Objectives 

The main objective of ENT support is optimal hearing rehabilitation by uni- or bilateral hearing aids 

depending on the severity of the hearing loss. In cases of severe to profound bilateral congenital hearing 

loss, early cochlear implantation should be proposed. In mild to moderate hearing loss or late onset 

hearing loss, the management will also aim to preserve the hearing by limiting hearing fluctuations and by 

taking urgent care of episodes of sudden deafness. 

The management of possible vestibular symptoms is one of the objectives of care. 
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On the thyroid side, management consists of detecting and correcting hypothyroidism when it appears: 

- Detect and explore goitre and thyroid nodular pathology; 

- Optimise growth; 

- Educate the patient to ensure compliance and therapeutic follow-up; 

- To point out the potential complications of hypothyroidism and its substitution, as well as the 

complications of goitre; 

- Improve the quality of life in the paediatric and adult ages. 

4.2 Professionals involved (and coordination arrangements) 

The professionals involved are identical to those involved in the initial review. 

4.3 Therapeutic management (pharmacological and other) 

There is no specific treatment for Pendred’s syndrome, but there is a management of the symptoms 

associated with this pathology. 

4.3.1 ENT support 

4.3.1.1 Hearing rehabilitation 

Hearing rehabilitation consists in the use of hearing aids or cochlear implantation. A conventional hearing 

aid is indicated for mild to moderate hearing loss.   In cases where conventional hearing aids are 

insufficient, a cochlear implantation may be considered and should be performed with the local eligibility 

criteria (criteria for reimbursement may be different between countries). 

4.3.1.1.1 Conventional hearing aid 

The purpose of the conventional hearing aid is to restore bilateral hearing. Hearing aids can be worn uni-

or bilateral depending on whether the hearing loss is one-sided or bilateral. Hearing aids are 

recommended for children with permanent bilateral hearing loss with an average hearing threshold of 

more than 40 dB. Children with uni or bilateral mild hearing loss are also offered hearing aids depending 

on the impact on speech-language acquisition and functioning in daily life. It is important to use audio-

prosthetists specialised in the care of severe hearing loss and/or the child. Audio-prosthetic support 

includes the choice and adaptation of prostheses, control of their efficacy, follow-up, and prosthetic 

education. Patients should be encouraged to be regular users similar as for any hearing loss regardless 

of etiology. 
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4.3.1.1.2 Cochlear implantation 

Cochlear implantation is indicated in case of bilateral severe to profound hearing loss and allows for very 

good hearing performance: 

- In case of bilateral severe to profound hearing loss; 

- In the event of hearing loss in a child or adult, when speech discrimination is insufficient despite 

well-adjusted hearing aids to achieve adequate speech development (criteria may differ between 

countries); 

- In case of fluctuating hearing loss and a major impact on the speech-and language development. 

The indication of cochlear implantation is carried out after a multidisciplinary assessment (clinical, 

subjective and objective audiometric, vestibular, radiological, speech-language, psychological) in a 

specialised centre. 

Implantation may be unilateral or bilateral, simultaneous or sequential depending on the hearing, 

vestibular deficit and age of the patient (before or after the acquisition of walking in the child). In case of 

unilateral implantation, it is important to encourage the use of the contralateral hearing aid. A 

contralateral implantation (sequential bilateral) is proposed in the event of progressive hearing loss 

occurring at any time after the first implant. 

The pre-and peroperative management should be discussed with the anesthesiologist, ENT surgeon 

and endocrinologist (in cases of thyroid dysfunction). Precautions should be put in place to is to reduce 

the specific risks associated with the malformation of the inner ear.  

 

Prevention of hearing fluctuations 

Due to the risk of sudden worsening of the hearing: 

- It is recommended to avoid sports at risk of head trauma (contact sports) and practices at risk of 

barotrauma (diving, use of a parachute, playing wind instruments, carrying heavy loads, Valsalva 

maneuvers). 

- It is advisable to be attentive to the possibility of hearing loss in case of fever or upper airway 

infections, which must prompt an urgent appointment in the ENT department to obtain an 

audiogram.   

4.3.1.3 Support for hearing fluctuations 

Support for sudden uni or bilateral hearing loss is considered a medical emergency. It is based on 

corticosteroid treatment initiateds immediately after the confirmation of a sudden hearing loss.  This is not 
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specific to patients with biallellic pathogenic variations of SLC26A4. Treatment of sudden hearing loss is 

considered a medical emergency and should be performed according to local guidelines of the institution. 

 

Speech-language rehabilitation 

Speech-language rehabilitation is an important part of care at each stage: 

- In a child who has a pre-lingual deafness: Start speech-language rehabilitation from the start of 

the hearing rehabilitation. The objectives are the development of oral language: hearing education 

in the sound world in a playful way, to develop the capacity of the child of expressing himself in his 

mother language during activities of daily life.  

- The number of weekly sessions is determined by the speech therapist based on the initial 

assessment. In case of a post lingual progressive hearing loss rehabilitation will aim at: 

development of lip reading to facilitate multimodal speech integration, strengthen cognitive and 

executive skills involved in the processing of verbal information. 

- In the case of cochlear implantation, speech-language education should be continued after implant 

activation in order to achieve a gradual improvement in patients’ intelligibility. 

4.3.1.4 Management of Balance Disorders 

The management of vestibular symptoms is not specific to patients with Pendred syndrome. It is mainly 

based on: 

- Symptomatic medical treatment combining anti-vertiginous and anti-emetic (metoclopramide, used 

with caution and second intention in children after 1 year of age) in the event of an acute dizziness 

attacks and in the absence of  contraindications; 

- Vestibular rehabilitation  (in adults or older children) has its full place in the case of chronic 

vertiginous symptoms; 

- Treatment by a psychomotrician in case of psychomotor delay in the young child. 

4.3.2 Endocrine Support 

4.3.2.1 Treatment of hypothyroidism 

4.3.2.1.1 Hypothyroidism proven 

Hypothyroidism is defined by a rise in TSH concentration associated with a decrease in serum FT4 

concentration. The treatment of hypothyroidism is based on oral L- thyroxine upon confirmation of the 

diagnosis. The target concentration of TSH should be adapted to age and presence of comorbidities. The 

table below provides initial dosages. 
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Congenital hypothyroidism Hypothyroidism of the child Adult hypothyroidism 

15 µg/kg/d 1-3 µg/kg/d 1.6-1.8µg/kg/d 

 

There is no evidence for the use of liothyronin (T3L) or L-thyroxine/liothyronine combination. 

4.3.2.1.2 Subclinical hypothyroidism 

Subclinical hypothyroidism is defined by an increase in TSH concentration associated with a normal FT4 

concentration. The interest in substituting subclinical hypothyroidism in patients with Pendred syndrome 

has not been evaluated. 

In children: treatment with L-thyroxine if TSH >10mUI/L or in the presence of a goitre to prevent the growth 

induced by increased levels of TSH  

In adults: proposed treatment with L-thyroxine in TSH >10mUI/L associated with thyroid autoimmunity 

(AC-anti-TPO presence) and/or the presence of a symptomatology compatible with hypothyroidism or in 

the presence of a goitre to prevent the growth of TSH elevation. 

The target concentration of TSH should be adapted to age and to comorbidities. 

4.3.2.2 Management of goitre and nodular pathology 

4.3.2.2.1 Monitoring 

In the absence of compressive signs and nodular pathology, clinical and ultrasound monitoring of goitre 

can be proposed. At the pediatric age a thyroid ultrasound is proposed once a year and is adult once every 

2 years. 

4.3.2.2.2 Thyroid surgery 

Thyroidectomy should be avoided as far as possible, especially in children in order to limit the risk of post-

operative complications. Its indication and implementation are the responsibility of expert centres after 

multi-disciplinary consultation. Thyroidectomy may be legitimate in case of diving or compressive goitre 

(with dyspnea, dysphagia, dysphonia or vena cava superior syndrome). In these cases, a total 

thyroidectomy is recommended. 

A thyroidectomy (total or partial) may also be proposed in case of suspicious nodular pathology identified 

by the recommended explorations (thyroid ultrasound and cytology). 

4.3.2.2.3 Other treatments 

Iodine iodine therapy 131 a.m. intended for volume reduction of the goitre has not been evaluated in 

Pendred syndrome. 
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The treatment with L-thyroxine to reduce goitre has not been evaluated in Pendred syndrome. These two 

treatments are therefore at present not recommended in Pendred syndrome. 

4.4 Therapeutic education and lifestyle modification (on a case-by-case basis) 

Therapeutic education will be adapted on a case-by-case basis depending on the severity of the hearing 

loss: 

- In case of mild to moderate bilateral hearing loss or or unilatal hearing loss, the therapeutic 

education must emphasize the risk of worsening and the need for prompt management of hearing 

deterioration. Similarly, situations associated with a risk of sudden deafness should be avoided 

(sports at risk of head injury, practices at risk of barotrauma); 

- In case of severe to profound hearing loss requiring cochlear implantation, therapeutic education 

is in line with that of all patients with cochlear implant  and insists on the need for equipment 

maintenance, permanent use, speech rehabilitation, and prolonged follow-up; 

- Information and prevention of meningitis. 

Therapeutic education is repeated during initial diagnosis as part of congenital hypothyroidism. 

4.5 Contra-indicated treatments 

In the management of hearing impairment, surgery of the endolymphatic sac is not recommended due to 

a risk of worsening post-operative hearing. 

4.6 Link to  patient associations to be adapted depending on the local situation 

Currently, there is no patient association specifically dedicated to Pendred syndrome. 

Relevant support and advocacy are mainly provided by associations for people with hearing loss and 

those with cochlear implants. 

For thyroid-related issues, both healthcare professionals and patients are encouraged to reach out to 

local patient associations specializing in thyroid disorders. 
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5 Follow-up 

5.1 Objectives 

Due to the evolutionary nature, the audiological assessment should be repeated at least annually if the 

hearing loss is stable, or more often depending on the patient’s symptoms. 

The objectives of patient follow-up are: 

- Monitoring of hearing evolution and taking care of any deterioration. Special attention should be 

paid to the contralateral ear in case of initial unilateral hearing loss; 

- Regular monitoring of hearing aids and/or cochlear implantation; 

- Monitoring of audio-prothesthetic  benefit and/or cochlear implant; 

- Screening for other otological pathologies that may worsen the hearing loss(chronic sero- 

mucosa otitis, repeated acute otitis, other chronic otitis); 

- Screening for potential difficulties in school, social or professional issues; 

- Screening for possible psychological disorders related to hearing impairment; 

- Screening for a goitre or thyroid nodular pathology; 

- Adaptation of treatment with L-thyroxine: effectiveness, tolerance and compliance; 

- Ensure a child/adult transition. 

5.2 Professionals involved (and coordination arrangements) 

The professionals involved in the follow-up are identical to those involved in the initial review and 

takeover. 

5.3 Timing and content of consultations 

5.3.1 For hearing loss: 

Regular follow-up by the ENT is necessary and the timing of consultations is to adapt to each patient’s 

hearing and vestibular symptoms. 

In children under 6 years of age, bi-annual follow-up is recommended. In adults and children over 6 

years of age, at least annual consultation is required. 

During the follow-up consultation, the ENT surgeon will evaluate : 

- The presence of hearing fluctuations experienced by the patient; 
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- The presence of dizziness and/or instability; 

- Micro-otoscopy; 

- Obtain an audiogram, with a technique adapted to the age of the patient with and without 

hearing aids to be compared to previous audiograms. 

 

5.3.2 For endocrinological monitoring 

 

At the paediatric age: 

If hypothyroidism is diagnosed in the neonatal period (exceptional in Pendred syndrome): an initial check 

of thyroid balance is indicated 2 weeks after starting treatment and every 2 weeks until normalization of 

TSH, then every 1-3 months until 1 year of age, every 2-4 months between 1 and 3 years and every 6 

months until the end of growth. 

If diagnosis is made at paediatric age: a thyroid balance is proposed 4 weeks after starting treatment as 

well as after each modification of the treatment. The rate of monitoring of the thyroid balance depends on 

the age of the child as described above. 

In adulthood: 

Consultation at 6 months and every 12 to 24 months. Monitoring of TSH at 6 and 12 weeks after 

introduction of L-thyroxine or after each dose change and then monitoring of annual TSH. 

Patient follow-up is done in consultation. 

• Each visit: 

- Clinical examination: weight, height, body mass index (BMI), cranial perimeter before 4 years and 

construction of growth curves until the end of growth; 

- Blood pressure; 

- Palpation of the thyroid gland and search for a goitre, thyroid nodules or adenopathy; 

- Looking for functional signs of hypothyroidism; 

- Looking for signs of compressive goitre: dyspnea, dysphagia, dysphonia, vena cave superior 

syndrome; 

- Check for treatment compliance;   

- Assessment of lifestyle, education and professional activity; 

- Evaluation of the blood thyroid balance and adaptation of treatment if necessary; 
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- Ultrasound monitoring in case of goitre or thyroid nodule. In case of nodular pathology, 

surveillance is based on current recommendations without specificity related to Pendred 

syndrome. 

5.4 Child-adult transition 

For Pendred syndrome, the transition from the care of the patient from pediatrics to adult medicine is 

important to ensure optimal continuity of care for the patient. This involves the collaboration of care teams 

to prevent the loss of follow-up and/or complications of the disease that may occur in adulthood. The age 

of transition will be adapted according to each patient but may be between 16 and 19 years of age. The 

evolutionary nature of the disease and the specificity of management (especially in the case of cochlear 

implants) make this fundamental step. The patient must be accompanied, and the transmission of medical 

information must be made between specialists with the preparation of detailed reports. 

It is important to renew with the patient when young adults the initial information given to their parents 

about the evolution of their pathology, the need for long-term follow-up and genetic counselling. 

The first adult consultation: 

• ENT  

- Repeat the history of hearing loss (transmission of audiometric and electrophysiological 

reports and examinations); 

- Repeat the otological clinical examination; 

- Make an initial audiometric check in the adult service; 

- Underline the importance of regular follow-up and explanation of situations that should lead 

to urgent consultation; 

- Inform the patient about unwanted behaviour with increased risk for hearing loss; 

- Inform the patient about social and school approaches (university adaptations); 

- Assess the level of understanding of his/her pathology by the young adult; 

- Transmit radiological data to avoid duplication of examinations. 

• Endocrinology  

- Repeat the history of thyroid disorders of Pendred syndrome (goitre, thyroid nodular pathology 

and hypothyroidism); 

- Assess the level of understanding of thyroid disease; 

- Stress the importance of compliance and thyroid monitoring; 

- Perform a somatic clinical examination including the thyroid. 
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• Genetics  

- Reexplain the mode of transmission of Pendred syndrome; 

- Assess the risk of recurrence during pregnancy; 

- Support any request for prenatal or pre-implantation diagnosis. 

 

5.5 Special Case of Pregnancy 

There is no thyroid contraindication to begin pregnancy as part of Pendred syndrome. However, in case 

of preconception hypothyroidism, the dose of L- thyroxine should be systematically increased by 30 to 

50 % from diagnosis of pregnancy to compensate for physiological increase in needs and careful 

monitoring with a monthly TSH dosage during the entire pregnancy will be initiated. In the absence of pre-

symptomatic hypothyroidism, monthly monitoring of TSH will also be carried out. Monitoring of goitre will 

also be carried out in view of the risk of pregnancy-related increases. 

There are currently no data showing an increased risk of worsening of hearing thresholds during 

pregnancy and postpartum
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Annex 2. Contact Details of Centers of Expertise and 

Competence 

Patients with Pendred syndrome may require multidisciplinary care across various specialties, including 

audiology, endocrinology, and clinical genetics. For access to expert centres across Europe, we refer to 

the networks of the European Reference Networks (ERNs), which bring together centres of expertise for 

rare and complex diseases. 

Although this protocol does not provide an exhaustive list of reference or competence centres, up-to-

date information on participating centres and contact details can be found via the official websites of the 

relevant ERNs: 

• ERN CRANIO (for craniofacial anomalies and hearing loss): 

https://ern-cranio.eu/ 

• ENDO-ERN (for rare endocrine conditions, including thyroid disorders): 

https://endo-ern.eu/ 

These websites include directories of affiliated healthcare providers and patient representatives, allowing 

patients and professionals to identify appropriate centres within their country or region. 

https://ern-cranio.eu/
https://endo-ern.eu/
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- Patient Association 

As of today, there is no patient association specifically dedicated to Pendred syndrome. 

Patients and professionals may instead refer to broader organizations, such as associations for people 

with hearing loss, associations of cochlear implant users, and associations for individuals with thyroid 

disorders. 

Relevant networks include the Endocrine and Craniofacial European Reference Networks (ENDO-ERN 

and ERN CRANIO). Further information and a list of patient representatives can be found on the ERN 

CRANIO website ( https://www.ern-cranio.eu/patient-organisations ) and the ENDO-ERN website 

(https://endo-ern.eu/patients/endo-ern-patient-representatives/). 

https://www.ern-cranio.eu/patient-organisations
https://endo-ern.eu/patients/endo-ern-patient-representatives/
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Annex 3. Decision tree for diagnosis 

Sensorineural 

hearing loss 

Radiological assessment 
diagnosing a bilateral EVA 

Analysis of the SLC26A4 

gene 

No pathogenic variant Heterozygous or biallelic 

pathogenic variants 

No thyroid monitoring Annual thyroid 

monitoring 

Goitre or 

hypothyroidism 
No thyroid involvement 

Isolated deafness 

DFNB4 Pendred syndrome 
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Annex 4. Autosomal recessive transmission 

 

 

I I Healthy Homozygote the sick Homozygote 

I I Heterozygote healthy carrier 
 
Figure 1: Illustration of autosomal recessive transmission. 
Both parents carry the mutated gene (a) and the normal gene (A), but they are not ill (it is said 
that they are heterozygous healthy carriers). The child (a/a) inherited the two mutated genes 
from his father and mother: he has Pendred syndrome (he is said to be sick homozygote). Like 
their parents, children (A/a) are not ill but carry the mutated gene and may transmit it to their 
offspring. They are “healthy carrier heterozygous”. The child (A/A) did not inherit any mutated 
genes, neither that of his mother nor that of his father: he is not ill and is not at risk of 
transmitting the disease. They say he’s a healthy homozygote. © Orphanet

Parent without 

the disease but 

with the  genetic 

mutation 

Parent without 

the disease but 

with the  genetic 

mutation 
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Annex 5. Examples of audiograms
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S S S CL X 0 

M ? M MCI 

U ? U UCL 

4— Ig PdR 

PT A CA: 500, 1k. 2k 

CO: 500. 1k. 2k 

Figure 2: Audiometry and ABR characteristics of a deep deafness of left perception (in blue). The right 

hearing is normal (red).  

31 



PNDS “Pendred Syndrome” 

 

 

 

Legend 

G D Masked 

X ? O CA

 □ △ 

> ^ < CO

 J C 

S S S CL

 X 0 

M ? M MCL 

U  U UCT 

Pdft 

PTA CA: 500.1k. 2k 

CO: 500.1k, 2k 

Aud Method: 

Figure 3: Audiometry and ABR characteristics of a deep bilateral perception deafness with brutal worsening of 

the hearing on the right (red). In this case, the indication of emergency cochlear implantation should be 

discussed in the absence of recovery after a few weeks.  
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Figure 4: Audiometry and PEA characteristics of a medium bilateral perception deafness with apparatus.  
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Annex 6. Imagery 

 

Figure 5: Labyrinthic malformations of a Pendred syndrome identified with the temporal bones CT and the 

MRI of internal auditory ducts. 

 

Images a, b, c: right ear of a patient with Pendred syndrome. 

Images d, e, f: normal right ear. 

• Images a, d: axial cutting CT: a: modiolus hypoplasia (dotted arrow), enlarged vestibule aqueduct 
(arrow). 

• Images b, e: front cutting CT: B: there is no spiral blade between the intermediate tower and the apical 
tower of the cochlea (arrow). 

• Images c, f: MRI, high resolution 3D T2 sequence, axial cut: C: absence of spiral blade between the 
upper towers of the cochlea, hypoplasia of the modiolus (dotted arrow), dilation of the endolymphatic 
sac (arrow), including in its extra-osseous part (arrow head).  
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Annex 7. Endocrinological management when 
diagnosed with Pendred syndrome 

Diagnosis 

Clinical examination 

Staturo-pondeal growth (if diagnosed in childhood or 
adolescence) 

Search for a thyroid goitre/nodule 

Search for hypothyroidism 

TSH, T4L AC-anti-TPO 

Thyroid Echography 

Thyroid scintigraphy with perchlorate discharge test* 

* Thyroid scintigraphy coupled with the perchlorate discharge test may be proposed for any suspicion of 
Pendred syndrome. However, it is not mandatory in typical cases, thanks to molecular diagnosis. In the case 
of SLC26A4 bilallelic pathogenic variations, this test could be predictive of the development of hypothyroidism 
or goitre.  

x 

x 

x 

x 
x 

x 

x* 
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Endocrinological monitoring of Pendred syndrome 

 

0-3 years* 
3 to 16 
years 

Pediatric/Adult 
Transition 

Adult 
>18years 

 

Clinical 
examination 

    

Growth staturo-
weight 

1/3 months 1/6 months 

  

Search for a 
thyroid 
goitre/nodule 

1/3 months 1/6 months x 1/1-2 years 

Search for 
hypothyroidism 

1/3 months 1/6 months x 1/1-2 years 

TSH, T4L 1/3 months 1/6 months x 1/1-2 years 

Thyroid 
Echography 1/year 1/year x 1/3 years 

 

* If diagnosis during the neonatal period (congenital hypothyroidism), follow-up should be based on the 
international consensus for the management of congenital hypothyroidism. 

The usual pediatric follow-up of the patient with mandatory examinations should be continued during the first 6 
years. 
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Annex 8. Scintigraphy and potassium or sodium 
perchlorate test 

Thyroid scintigraphy with the potassium or sodium perchlorate discharge test will evaluate the lack of 

iodine organisation, which is characteristic of Pendred syndrome. However, a so-called ‘normal’ 

perchlorate test does not exclude Pendred syndrome. This test may therefore be useful but is not 

indispensable in particular since the possibility of a genetic diagnosis (see 3.5.4). However, it has 

been shown that in the case of SLC26A4 bilallelic pathogenic variations, the presence of a load test 

>30 % may be predictive to the onset of hypothyroidism or goitre. The first step in this test is the 

realization of a thyroid scintigraphy with iodine 123, which shows the percentage of basal fixation of 

the thyroid gland. The second step is the measurement of the growth of thyroid fixation following 

administration of potassium perchlorate or sodium. There are a number of ways in which this test can 

be re-enacted and interpreted. At 180 minutes of iodine 123 injection, the patient ingested potassium 

perchlorate at the dose of 1 g in adults and 15 mg/kg in children. Thyroid activity is measured at 15, 

30, 45 and 60 minutes after taking perchlorate (other authors propose durations up to 2 hours). The 

percentage change in fixations before and after ingestion of perchlorate is then calculated. The result 

is therefore given as a change in the percentage of the initial rate. The discharge test is said to be 

negative, i.e. there is no failure to organise iodine, if this percentage is < 10 %. The value >10 % is 

sometimes used to speak of a positive test, i.e. it exits a disorder in the organisation of the iodides, 

as is most often the case with Pendred syndrome. Note that higher values are sometimes retained 

(up to 30 %).

37 



PNDS “Pendred Syndrome” 

 

 

 

Bibliographical references
 

1. Aimoni C, Ciorba A, Cerritelli L, Ceruti S, Skarzynski 

PH, Hatzopoulos S. Enlarged vestibular aqueduct: 

Audiological and Genetical features in children and 

adolescents. International journal of pediatric 

Otorhinolaryngology. 2017;101:254-8. 

2. Albert S, Blons H, Jonard L, Feldmann D et al. 

SLC26A4 gene is frequently involved in 

nonsyndromic hearing Impairement with enlarged 

vestibular aqueduct in Caucasian populations. EUR 

J Hum Genet. 2006;14(6):773-9. 

3. Andreucci E, Bianchi B, Carboni I, Lavoratti G, 

Mortilla M, Fonda C, Bigozzi M, Genuardi M, Giglio 

S, Pela I. Inner ear abnormalities in four patients 

with DRTA and SnHL: clinical and genetic 

heterogeneity. Pediatr Nephrol. 2009;24(11):2147-

53. 

4. Atik T, Bademci G, Diaz-Horta O, Blanton SH, Tekin 

M. Whole-exome sequencing and its impact in 

hereditary hearing loss. Genet Res (Camb). 

2015;97:e4. 

5. B Y Choi, A C Madeo, K A King, C K Zalewski, S P 

Pryor, et al. Segregation of enlarged vestibular 

aqueducts in families with non-diagnostic SLC26A4 

genotypes. J Med Genet. 2009;46(12):856-61. 

6. Blons H, Feldmann D, Duval V, Messaz O, 
Denoyelle F, Loundon N, Sergout-Allaoui A, 
Houang M, Duriez F, Lacombe D, Delobel B, 
Leman J, Catros H, Journel H, Drouin-Garraud V, 
Obstoy MF, Toutain A, Oden S, Toublanc JE, 
Couderc R, Petit C, Garabédian EN, Marlin S. 
Screening of SLC26A4 (PDS) gene in Pendred’s 
syndrome: a wide spectrum of mutations in France 
and phenotypic heterogeneity. Clin Genet. 2004; 
66(4):333-40. 

7. Borson-Chazot F, Bardet S, Bournaud C, Conte- 

Devolx B, Corone C, D’Herbomez M, Henry JF, 

Leenhardt L, Peix JL, Schlumberger M, Wemeau 

JL, Expert Group for French Recommendations for 

the Management of Differentiated Thyroid 

Carcinomas of Vesicular O, Baudin E, Berger N, 

Bernard MH, Calzada-Nocaudie M, Caron P, 

Catargi B, Chabrier G, Charrie A, Franc B, Hartl D, 

Helal B, Kerlan V, Kraimps JL, Leboulleux S, Le 

Clech G, Menegaux F, Orgiazzi J, Parie

 S, 

Raingeard I, Rodien P, Rohmer V, Sadoul JL, 

Schwartz C, Tenenbaum F, Toubert ME, Tramalloni 

J, Travagli JP, Vaudrey C. Guidelines for the 

management of differentiated thyroid carcinomas of 

vesicular origin. Ann Endocrinol (Paris) 2008;69(6): 

472-486. 

8. Calil-Silveira J, Serrano-Nascimento C, Kopp PA, 

Nunes MT. Iodide excess regulates its own efflux: a 

possible involvement of Pendrin. Am J Physiol Cell 

Physiol. 2016;310(7):C576-82. 

9. Camargo R, Limbert E, Gillam M, Henriques MM, 
Fernandes C, Catarino AL, Soares J, Alves VA, 
Kopp P, Medeiros-Neto G. Aggressive metastatic 
follicular thyroid carcinoma with anaplastic 
transformation arising from a long-standing goiter in 
a patient with Pendred’s syndrome. Thyroid. 2001; 
11(10):981-8. 

10. Carter MT, Blaser S, Papsin B, Meschino W, 

Reardon W, Klatt R, Babul-Hirji R, Milunsky J, 

Chitayat D. Middle and inner ear malformations in 

mutation-proven branchiooculofacial (BOF) 

syndrome: case series and review of the literature. 

Am J Med Genet A. 2012;158A(8):1977-81. 

11. Chattaraj P, Munjal T, Honda K, Rendtorff ND, 

Ratay JS et al. A common SLC26A4-linked 

haplotype underlying non-syndromic hearing loss 

with enlargement of the vestibular aqueduct. J Med 

Genet. 2017; 54(10):665-673. 

12. Clark CM, Patel HH, Kanekar SG, Isildak

 H. 

Enlarged vestibular aqueducts and other inner-ear 

abnormalities in patients with Down syndrome. J 

Laryngol Otol. 2017;131(4):298-302. 

13. Colvin IB, Beale T, Harrop-Griffiths K. Long-term 

follow-up of hearing loss in children and young 

adults with enlarged vestibular aqueducts: 

relationship to radiologic findings and Pendred 

syndrome diagnosis. Laryngoscope. 2006; 

116(11):2027-36. 

14. Connor SEJ, Dudau C, Pai I, Gaganasiou M. Is CT 

or MRI the optimal imaging investigation for the 

diagnosis of large vestibular aqueduct syndrome 

and large endolymphatic sac anomaly? Arch 

Otorhinolaryngol. 2019; 276(3):693-702. 

15. El-Badry MM, Osman NM, Mohamed HM, Rafaat 

FM. Evaluation of the radiological criteria to 

diagnose wide vestibular aqueduct syndrome. INT J 

Pediatr Otorhinolaryngol. 2016;81: 84-91. 

16. Fitoz S, Sennaroğlu L, Incesulu A, Cengiz FB, Koç 

Y, Tekin M. SLC26A4 mutations are associated with 

a specific inner ear malformation. INT J Pediatr 

Otorhinolaryngol. 2007;71(3):479-86. 

17. Francis GL, Waguespack SG, Bauer AJ, Angelos P, 

Benvenga S, Cerutti JM, Dinauer CA, Hamilton J, 

Hay ID, Luster M, Parisi MT, RachMiel M, 

Thompson GB, Yamashita S, American Thyroid 

Association Guidelines Task F. Management 



PNDS “Pendred Syndrome” 

 

 

 

Guidelines for Children with Thyroid Nodules and 

Differentiated Thyroid Cancer.Thyroid 

2015;25(7):716-759.  



PNDS “Pendred Syndrome” 

 

 

 

18. Fraser GR Ann. Association of congenital deafness 
with goiter (Pendred’s syndrome) a study of 207 
families. Um Genet. 1965;28:201-49. 

19. Goldfeld M, Glaser B, Nassir E, Gomori JM, Hazani 

E, Bishara N. CT of the ear in Pendred syndrome. 

Radiology. 2005;235(2):537-40. 

20. González-García JA, Ibáñez A, Ramírez-Camacho 

R, Rodríguez A, García-Berrocal JR, Trinidad A. 

Enlarged vestibular aqueduct: Looking for 

genotypic-phenotypic correlations. Arch 

Otorhinolaryngol. 2006;263(11):971-6. 

21. Open Q, Zhou G, Whittemore K, Kenna M. 

Enlarged vestibular aqueduct: Review of 

controversial aspects.Laryngoscope. 

2011;121(9):1971-1978. 

22. Haugen BR, Alexander EK, Bible KC, Doherty GM, 

Mandel SJ, Nikiforov YE, Pacini F, Randolph GW, 

Sawka AM, Schlumberger M, Schuff KG, Sherman 

SI, Sosa JA, Steward DL, Tuttle RM, Wartofsky L. 

2015 American Thyroid Association Management 

Guidelines for Adult Patients with Thyroid Nodules 

and Differentiated Thyroid Cancer: The American 

Thyroid Association Guidelines Task Force on 

Thyroid Nodules and Differentiated Thyroid Cancer. 

Thyroid.2016;26(1):1-133. 

23. Hosoya M, Fujioka M, Sone T, Okamoto S, 

Akamatsu W, Ukai H et al. Cochlear Cell Modeling 

Using Disease-Specific iPSCs Unveils a 

Degenerative Phenotype and Suggests Treatments 

for Congenital Progressive Hearing Loss. Cell Rep. 

2017;18(1):68-81. 

24. Intrapiromkul J, Aygun N, Tunkel DE, Carone M, 

Yousem DM. Inner ear anomalies seen on CT 

images in people with Down syndrome. Pediatr 

Radiol. 2012;42(12):1449-55. USA 

25. Ito T, Muskett J, Chattaraj P, Choi BY, Lee KY, 

Zalewski CK, et al. SLC26A4 mutation testing for 

hearing loss associated with enlargement of the 

vestibular aqueduct. World newspaper of 

Otorhinolaryngology. 2013;3(2):26-34. 

26. Ito T, Noguchi Y, Yashima T, Kitamura KSIX1 

mutation associated with enlargement of the 

vestibular aqueduct in a patient with branchio-oto 

syndrome. Laryngoscope. 2006;116(5):796-9. 

27. Jung J, Seo YW, Choi JY, Kim SH. Vestibular 

function is associated with residual low-frequency 

hearing loss in patients with bi-allelic mutations in 

the SLC26A4 gene.Hearing 

research.2016;335:33-9. 

28. Kontorinis G, Lenarz T, LESINSKI-Schiedat A, 

Neuburger J. Cochlear implantation in Pendred 

syndrome. Cochlear Implants Int. 2011;12(3):157-

163. 

29. Kuhnen P, Turan S, Frohler S, Guran T, Abali S, 

Biebermann H, Bereket A, Gruters A, Chen W, 
Krude H Identification of Pendrin (SLC26A4) 

transfers in patients with Congenital 

hypothyroidism and “apparent” thyroid dysgenesis. J 
Clin Endocrinol Metab 2014;99:E169-176. 

Ladsous M, Vlaeminck-Guillem V, Dumur V, Vincent C 

et al. Analysis of the Thyroid Phenotype in 42 Patients 

with Pendred Syndrome and Nonsyndromic 

Enlargement of the Vestibular Aqueduct. Thyroid. 

2014 Apr;24(4):639-48. France. Ladsous M, Vlaeminck-

Guillem V, Dumur V, Vincent C, Dubrulle F, Dhaenens 

CM, Wémeau JL. Analysis of the thyroid phenotype in 

42 patients with Pendred syndrome and nonsyndromic 

enlargement of the vestibular aqueduct. Thyroid. 2014 

Apr;24(4):639-48. 

Lavigne P, Lavigne F, Saliba I. Intratympanic 

corticosteroids injections: a systematic review of 

literature. Arch Oto-Rhino-Laryngology. 

2016;273(9):2271-2278. 

Lee HJ, Jung J, Shin JW, Song MH, Kim SH, Lee JH, et 

al. Correlation between genotype and phenotype in 

patients with bi-allelic SLC26A4 mutations. Clinical 

genetics. 2014 Sep;86(3):270-5. Leenhardt L,

 Borson-Chazot F, Calzada M, 

Carnaille B, Charrie A, Cochand-Priollet B, Do Cao C, 

Leboulleux S, Le Clech G, Mansour G, Menegaux F, 

Monpeyssen H, Orgiazzi J, Rouxel A, Sadoul JL, 

Schlumberger M, Tramalloni J, Tranquart F, Wemeau 

JL, Societe Francaise dE, Research Group on T, Societe 

Francaise de R, Societe Francaise de Medecine N, 

Francophone Association of Surgery E, Societe 

Francaise de Cytologie C, Groupe de Biologie 

Specialise de la Societe Francaise de Medecine N, 

National Network of Tumeurs T. [Best practices 

guideline for the use of neck ultrasonography and echo-

guided techniques in the management of differentiated 

thyroid cancers of the follicular type. French 

Endocrinology Societe.Thyroid Research Group]. Ann 

Endocrinol (Paris) 2011;72(4 Suppl 1):H1-26. 

Lin CY, Lin SL, Kao CC, Wu JL. The remediation of 

hearing deterioration in children with large vestibular 

aqueduct syndrome. Auris Nasus Larynx. 

2005;32(2):99-105. 

Loundon N, Leboulanger N, Maillet J, et al. Cochlear 

implant and inner ear malformation. Proposal for an 

hyperosmolar therapy at surgery. INT J Pediatr 

Otorhinolaryngol. 2008;72(4):541-547. Mey K, Bille M, 

Cayé-Thomasen P. Cochlear implantation in Pendred 

syndrome and non- syndromic enlarged vestibular 

aqueduct — clinical challenges, surgical results, and 

complications. ACTA Otolaryngol. 

2016;136(10):1064-1068. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 



PNDS “Pendred Syndrome” 

 

 

 

Okamoto Y, Mutai H, Nakano A, Arimoto Y, Sugiuchi T, 

Masuda S, et al. Subgroups of enlarged vestibular 

aqueduct in relation to SLC26A4 mutations and hearing 

loss. The Laryngoscope. 2014;124(4):E134-40. 

39. Pendred V. Deaf-Mutism and goitre. The Lancet. 

1896;148(3808):532. 

40. Pitch LM, Brennan ML, Davidson CJ, Schaefer F, 

Greinwald J Jr. Mutation analysis of the SLC26A4, 

FOXI1 and KCNJ10 genes in individuals with 

congenital hearing loss. PeerJ. 2014;2:e384. 

41. Rabbani B, Tekin M, Mahdieh N. The promised of 

all exome sequencing in medical genetics. J Hum 

Genet. 2014;59(1):5-15. 

42. Raveh E, Papsin BC, Forte V. Branchio-oculo- 

facial syndrome. INT J Pediatr Otorhinolaryngol. 

2000;53(2):149-56. 

43. Reardon W, Coffey R, Chowdhury T, Grossman A, 

Jan H, Britton K, Kendall-Taylor P, Trembath R. 

Prevalence, age of onset, and natural history of 

thyroid disease in Pendred syndrome. J Med Genet 

1999;36(8): 595-598. 

44. Reardon W, Coffey R, Chowdhury T, Grossman A, 
Jan H, Britton K, Kendall-Taylor P, Trembath R. 
Prevalence, age of onset, and natural history of 
thyroid disease in Pendred syndrome.J Med Genet. 
1999;36(8):595-8. 

45. Reardon W, Trembath RC. Pendred syndrome J 
Med Genet. 1996;33(12):1037-40 

46. Rose J, Muskett JA, King KA, Zalewski CK, 

Chattaraj P et al. Hearing Loss Associated With 

Enlarged Vestibular Aqueduct and Zero or One 

Mutant Allele of SLC26A4. Laryngoscope. 2017 

Jul;127(7):E238-E243. 

47. Russ G, Bonnema SJ, Erdogan MF, Durante C, 

Ngu R, Leenhardt L. European Thyroid Association 

Guidelines for Ultrasound Malignancy Risk 

Stratification of Thyroid Nodules in Adults: The EU- 

TIRADS. EUR Thyroid J 2017;6(5):225-237. 

48. Sakurai K, Hata M, Hishinuma A, Ushijima
 R, 

Okada A, Taeda Y, Arihara Z, Fukazawa
 H
, 

Takahashi K. Papillary thyroid carcinoma in one of 
identical twin patients with Pendred syndrome. 
Endocr J. 2013;60(6):805-11. 

49. Sennaroglu L, Saatci I. A new classification for 

cochleovestibular

 malformations

. 

Laryngoscope.2002;112(12):2230-41. 

50. Sharawat IK1, Kasinathan A, Peruri GP, Saini AG, 
Sankhyan N, Saxena AK, Singh P. Recurrent 
Streptococcus pneumoniae meningitis and Mondini 
dysplasia: Association or causation? J Infect Public 
Health. 2019;12(1):101-103. 

51. Soh LM, Druce M, Grossman AB, Differ AM, Rajput 

L, Bitner-Glindzicz M, Korbonits M. Evaluation of 
genotype-phenotype relationships in patients 
referred for for endocrine assessment in suspected 
Pendred syndrome. EUR J Endocrinol. 
2015;172(2):217-26 

52. Tekin M, Fitoz S, Arici S, Cetinkaya E, Incesulu A. 

Niikawa-Kuroki (Kabuki) syndrome with congenital 

sensorineural deafness: evidence for a wide 

spectrum of inner ear abnormalities. INT J Pediatr 

Otorhinolaryngol.2006;70(5):885-9. Turkey. 

53. Tekin M, Sirmaci A, Yüksel-Konuk B, Fitoz S, 

Sennaroğlu L. A complex TFAP2A allele is 

associated with branchio-oculo-facial syndrome 

inner ear malformation in a deaf child. Am J Med 

Genet A. 2009;149A(3):427-30. 

54. Tian C, Gagnon LH, Longo-Guess C, Korstanje R, 

Sheehan SM, Ohlemiller KK, Schrader AD, Lett JM, 

Johnson KR. Hearing loss without overt metabolic 

acidosis in ATP6V1B1 deficient MRL mice, a new 

genetic model for non-syndromic deafness with 

enlarged vestibular aqueducts. Um Mol Genet. 

2017; 1;26(19):3722-3735. 

55. Tong GX, Chang Q, Hamele-Bena D, Carew J, 

Hoffman RS, Nikiforova MN, Nikiforov YE. Targeted 

Next-Generation Sequencing Analysis of a Pendred 

Syndrome-Associated Thyroid Carcinoma. Endocr 

Pathol 2016;27(1):70-75. 

56. Tong GX, Chang Q, Hamele-Bena D, Carew J, 

Hoffman RS, Nikiforova MN, Nikiforov YE. Targeted 

Next-Generation Sequencing Analysis of a Pendred 

Syndrome-Associated Thyroid Carcinoma Endocr 

Pathol. 2016;27(1):70-5. 

57. Toutain A, Plee Y, Ployet MJ, Benoit S, Perrot A, 

Sembely C, Barthez MA, Moraine C. Deafness and 

Mondini dysplasia in Kabuki (Niikawa-Kuroki) 

syndrome. Report of a case and review of the 

literature. Genet Couns. 1997;8(2):99-105. 

58. Vickery AL Jr. The diagnosis of malignancy in 
dyshormonogenetic goitre. Clin Endocrinol Metab. 
1981;10(2):317-35. 

59. Wemeau JL, Kopp P. Pendred syndrome. Best 
practice & research Clinical endocrinology & 
metabolism 2017;31(2): 213-224. 

60. Yang CJ, Lavender V, Meinzen-Derr JK, Cohen AP, 

Youssif M, Castiglione M, et al. Vestibular pathology 

in children with enlarged vestibular aqueduct. The 

Laryngoscope. 2016;126(10):2344-50. 

61. Zalewski CK, Dog WW, King KA, Muskett JA, Baron 

RE, Butman JA, et al. Vestibular Dysfunction in 

Patients with Enlarged Vestibular Aqueduct. 

Otolaryngology-head and neck surgery: official 

Journal of American Academy of Otolaryngology- 

Head and Neck Surgery. 2015;153(2):257-62. 

62. Zerdoud S, Giraudet AL, Leboulleux S, Leenhardt L, 

Bardet S, Clerc J, Toubert ME, Al Ghuzlan A, Lamy 

PJ, Bournaud C, Keller I, Sebag F, Garrel R, Mirallie 

E, Groussin L, Hindiie E, Taieb D. Radioactive 



PNDS “Pendred Syndrome” 

 

 

 

iodine therapy, molecular imaging and serum 

biomarkers for differentiated thyroid cancer: 2017 

guidelines of the French Societies of Nuclear 

Medicine, Endocrinology, Pathology, Biology, 

Endocrine Surgery and Head and Neck Surgery. 

Ann Endocrinol (Paris). 2017;78(3): 162-175. 

63. Zhou G, Gopen Q. Characteristics of vestibular 

evoked Myogenic potentials in children with enlarged 

vestibular aqueduct. The Laryngoscope. 

2011;121(1):220-5.

 

Recommendations 

1. Formal consensus of experts on the Audiome of Adult and Childhood — 2016 — French Society of ORL 

2. Guide to Good Practice of the Voice Audiome — 2009 — French Audiology Society 

3. Guide to Radiological Procedures: Quality and Optimisation of Doses (updated on 26/03/2014 by the French Radiology 

Society (SFR)) 

4. Guide to the Use of Medical Imaging Examinations: gbu.radiologie.fr (updated on 

03/04/2013 by SFR) 

5. Practical Guide to Diagnostic Imaging for Radiological Physicians (updated on 07/03/2013 by the SFR) 

6. Indications of cochlear implant in adults and children — 2018 — ORL French Society 

7. Deafness of the child: family support and follow-up of the child from 0 to 6 years — 2009 — HAS

42 


