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Normal hearing

• Endolymph fluid:

• Potassium 157 mM & sodium 1.3 mM

• Perilymph fluid:

• Potassium 4.2 mM & sodium 148 mM
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• At birth we have about 12,000 hair cells. 

• Hair cells can be damaged & lost throughout 
our lifetime from loud noises or other 
conditions & once they are lost these cells do 
not regenerate.

• Given their essential role in hearing, the loss 
of  hair cells results in permanent SNHL.
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Normal hearing



1/10/2022 8

IF: 3.714

Phelan. Pediatr Nephrol. 2017



Introduction

• Although Alport syndrome is the most well-known, there are over 20 

disorders that need to be considered in the DD of  patients with both 

ear & kidney abnormalities. 

• Commonalities are present between the kidney & ear in a number of:

• Structural proteins

• Developmentally important transcription factors

• Ciliary proteins

• Channel proteins
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Renal syndromes associated with 
hearing loss

1. CAKUT

2. Ciliopathies

3. Glomerulopathies

4. Tubulopathies
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Renal syndromes associated with hearing loss
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Renal syndromes associated with hearing loss
Hearing 
loss  (%)

Extrarenal findingsRenal/GU 
findings

InheritanceGeneName 
Glomerular 

dis: 

XL male: 80–

90 XL female: 

20

Eye abnormalities (anterior 

lenticonus, maculopathy)

Hematuria, 

proteinuria, 

ESKD  

AR, AD, XLCOL4A3 

COL4A4 

COL4A5 

Alport syndrome

33 Distal muscle weakness & 

atrophy, distal sensory loss

Proteinuria, 

FSGS  

AD INF2Charcot–Marie–

Tooth

60–80Growth retardation, 

neurological abnormalities, 

premature aging, cataracts, 

retinopathy

Proteinuria, 

CKD

ARERCC6 

ERCC7

Cockayne

syndrome

18–55Stroke, cardiac disease, 

acroparesthesias,

angiokeratomas, 

hypohidrosis

Hematuria, 

proteinuria, 

ESKD

XLGLAFabry disease
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•A 16-year-old boy with recently diagnosed X-linked 
Alport syndrome has proteinuria (1.5 g/day), normal 
BP, & eGFR of 85 ml/min/1.73 m2 . What treatment should 
be initiated to slow the progression of  CKD?

a) CNI

b) CCB

c) BB

d) Thiazide diuretic

e) ACE inhibitor
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Renal syndromes associated with hearing loss
Hearing 
loss  (%)

Extrarenal findingsRenal/GU 
findings

InheritanceGeneName 
Glomerular dis: 

>90Encephalopathy, HCM, 

seizures

NS (FSGS,

DMS)

ARCOQ6 

COQ2

Coenzyme Q10

75Mitochondrial 

encephalopathy, lactic 

acidosis, stroke-like episodes

Proteinuria, FSGSMitochondrialMTTL1MELAS syndrome

80–99Recurrent fever, arthralgia, 

fatigue, urticarial rash 

AmyloidosisAD NLRP3Muckle–Wells

58Macrothrombocytopenia, 

leukocyte inclusions, 

cataracts

Hematuria, 

proteinuria, ESKD

ADMYH9MYH-9 related 

disorders (Epstein, 

Fechtner syndromes)

66 Epidermolysis bullosa, beta 

thalassemia major

Nephrotic  

proteinuria, ESKD 

Epidermolysis 

bullosa, beta

? CD151Nephropathy with 

pretibial 

epidermolysis 

bullosa and deafness
15

Phelan. Pediatr Nephrol. 2017



•An 10-year-old girl has steroid-resistant nephrotic 
syndrome & FSGS on kidney biopsy. Treatment 
with coenzyme Q10 should be initiated if  a 
mutation is identified in which of  the following 
genes? 

a) COQ2 

b) MTTL1 

c) INF2

d) CD151 

e) COL4A5
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•A 17-year-old boy has SN hearing loss, hematuria, 
& proteinuria with GBM thickening on EM, & 
thrombocytopenia. Mutation in which of  the 
following genes is the most likely cause of  his 
symptoms? 

a) COL4A5 

b) COL4A3 

c) MYH9 

d) COQ2 

e) CD151
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Bartter Syndrome

I

II III

IV



EAST synd: Epilepsy Ataxia 
Sensorineural-deafness Tubulopathy
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Pendred syndrome
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dRTA with deafness
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Question
•A 8-year-old has SN deafness, hypokalemia, 
metabolic alkalosis, & polyuria. Mutation in which of  
the following genes is likely to be the cause of  his 
symptoms? 

a) SLC12A1 (Na-K-2Cl co-transporter) 

b) KCNJ1 (ROMK potassium channel) 

c) KCNJ10 (Kir4.1 potassium channel) 

d) BSND (Barttin) 

e) ATP6B1 (B1 subunit of  H+ -ATPase)
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IF: 2.153

Ji Hyun Kim. JKMS, 2020



Methods

•Retrospective study of a tertiary referral center

•Childhood-onset CKD patients (stage 2–5, age at 

onset of renal symptom <18 ys). 

•Cases with genetic or syndromic diseases, or 

extra-renal anomalies in addition to HL & CKD = 

“renal” syndromic HL 
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Baseline 
characteristics 

of the patients

(n = 421)
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Hearing loss according to CKD stage
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Risk factors of hearing loss
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Conclusion
• One-fifth of the childhood-onset CKD had HL.

• HL was more common as CKD stage progressed, especially CHL 
in ESRD.

• SNHL was more common in the GP groups than in other groups.

• Collectively, renal syndromic HL comprised half of the HL in this 
study. 

• To improve the quality of life in patients with childhood-onset 
CKD, we suggest that HL should be considered, requiring 
surveillance, & if necessary, early intervention.
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Question
•What is the leading cause of  adult-onset 

hearing loss?

A. Genetic mutations 

B. Noise exposure

C. Use of  ototoxic drugs in treatment

D. Chronic diseases such as HTN & DM

E. Aging
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Background

•The WHO reported that approximately 432 

million adults suffered from disabling hearing 

loss in 2018 & estimated that over 900 million 

people will have disabling hearing loss by 2050
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•The kidney & cochlea have common antigenicity & similar 
physiologic mechanisms involving the transport of  fluid & 
electrolytes, which might explain the hearing loss in 
patients with kidney disease. 

•Some possible etiological factors related to hearing loss in 
kidney failure patients have also been reported, including:
•Electrolyte disturbances

•HTN

•The use of  ototoxic drug 

•Hemodialysis treatment
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Methods
•Data collected from the Chinese Health & Retirement 

Longitudinal Study (CHARLS) in 2015

•A cross-sectional study was conducted among 12,508
participants aged ≥ 45 ys. 

•Hearing loss, was defined according to interviewees’ 
responses to 3 survey questions related to hearing in the 
CHARLS. 

•eGFR was employed to assess kidney function, & 
participants were classified into 3 categories based on 
eGFR: ≥90, 60–89 & < 60 mL/min/1.73 m2 . 

•Multivariable logistic regression was employed
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Hearing related questions in the CHARLS 
survey

(1) Do you have a hearing problem? 1. Yes 2. No 

(2) Do you ever wear a hearing aid? 1. Yes 2. No 

(3) Would you say your hearing is excellent, very good, good, 

fair, or poor? (How is your hearing with a hearing aid if  you 

normally use it? How is your hearing without a hearing aid if  

you normally don’t use it?) 1. Excellent 2. Very good 3. Good 

4. Fair 5. Poor
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Prevalence of  hearing loss in different age & eGFR groups
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ORs & 95% CIs for hearing loss in 
relation to the eGFR categories
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Conclusion

•Reduced kidney function is independently
associated with hearing loss. 

•Testing for hearing should be included in the 
integrated management of patients with CKD.
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Take-home message

Attention to hearing in patients with 

kidney disease is important for both 

diagnosis & management purposes
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