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Abstract
Background: Chronic renal failure (CRF) is defined as the presence of kidney damage, which quantified by measured glomerular filtration rate (GFR). CRF has emerged as a global public health burden for its increasing number of patients, high risk of progression to end-stage renal disease (ESRD), and poor prognosis of morbidity and mortality Multiple  shared risk factors for chronic kidney disease (CKD) and hearing loss include age, diabetes, hypertension, and medications that are both ototoxic and nephrotoxic. Moreover, in patients with established CKD, multiple risk factors have been hypothesized to cause hearing loss including the use of ototoxic medications, hypertension, and diabetes, particularly in association with hypertension, electrolyte disturbances, and hemodialysis itself. Both organs are involved in body fluid homeostasis, The inner ear and the kidney share a series of basic processes for water and ion regulation as well as some specific cellular water channels known as aquaporins, which are known to have a crucial role in the functional activity of both organs. both organs  have epithelium containing a sodium– potassium energy-requiring processes linked to the strict necessity of maintaining the balance of ions and a stable pH. Aim of the Work: to determine the presence, type, and severity of hearing loss (HL) in patients with chronic kidney disease  on regular hemodialysis and on conservative management and  to evaluate the relationship of reported HL with the duration of hemodialysis of children with chronic renal failure on regular hemodialysis. Patients and Methods: This study will be a case control study including 30  patients with chronic renal failure   on regular hemodialysis in the Nephrology Unit, Pediatric Department, Benha University Hospitals and  20 Patients with chronic kidney disease on conservative management   and 30  healthy children as a control group. All children are subjected to standard and extended pure-tone audiometry and tympanometry.  Results:  Our study found that 43.3 per cent of CKD patients on haemodialysis had sensorineural hearing loss and 40 % of CKD patients on conservative management .  SNHL was mainly at high frequencies (47.6%) and of mild and moderate severity. Our study showed that there was statistically significant relation found between SNHL and hypertension in CKD patients but there was no significant relation  found with the duration of hemodialysis or  hematological parameters and biochemical parameter except serum sodium level. 
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1. Introduction          
The cochlea and kidney have similar physiological mechanisms, namely the active transport of fluid and electrolytes performed by the stria vascularis and the glomerulus, respectively [1]. They may also have common antigenicity [2]. Although the gross anatomy of the kidney and cochlea differs considerably, there are many similarities at the ultrastructural level. Both contain epithelial structures in close contact with their vascular supply. Basement membrane is found closely apposed to capillary endothelium in both Bowman’s capsule and the proximal renal tubules of the kidney and also around the capillaries of the stria vascularis. In addition, basement membrane lined intercellular channels exist in both the glomerulus and the stria vascularis [3]. Moreover, the epithelial cells in both the cochlea and the kidney show features known to be associated with active transport of fluid and electrolytes, namely, microvilli containing numerous mitochondria. Both organs are involved in body fluid homeostasis, and therefore have epithelium containing a sodium– potassium ion pump using ATPase. Carbonic anhydrase is also present in both the stria vascularis and the nephron [3]. Several variables may contribute to the etiopathogenetic mechanisms of hearing loss in CRF including factors related to the severity and duration of the disease, electrolyte disturbances, ototoxic drugs, age, comorbid conditions such as diabetes mellitus and hypertension, and hemodialysis [4-6]. sensorineural hearing loss (SNHL) is considerably more prevalent in patients with chronic renal failure (CRF) than in the general population. It ranges from 28% to 77% [7,8].
2. Aim of the work
to determine the presence, type, and severity of hearing loss (HL) in patients with chronic kidney disease  on regular hemodialysis and on conservative management and  to evaluate the relationship of reported HL with the duration of hemodialysis of children with chronic renal failure on regular 
hemodialysis.
3. Patients and methods
This study will be a case control study including 30  patients with chronic renal failure   on regular hemodialysis in the Nephrology Unit, Pediatric Department, Benha University Hospitals and  20 Patients with chronic kidney disease on conservative management   and 30  healthy children as a control group. All children are subjected to standard and extended pure-tone audiometry and tympanometry
Patients were selected according to the certain criteria: 
Inclusion Criteria: All patients diagnosed as chronic kidney disease including patients  on regular hemodialysis and others on conservative management 

Exclusion Criteria: Children who had a suggestive history of congenital hearing loss, birth asphyxia, hyperbilirubinemia, or head trauma. 

Children who could not cooperate during the audiometric examination will to be excluded.

Results
:  Our study found that 43.3 per cent of CKD patients on haemodialysis had sensorineural hearing loss and 40 % of CKD patients on conservative management .  SNHL was mainly at high frequencies (47.6%) and of mild and moderate severity
Table (1) Comparison between Control and Patients group regarding sensorineural hearing loss(SNHL) :{type, severity and laterality} and conductive hearing loss.

	
	Control
	Patients group
	Test value*
	P-value
	Sig.

	
	No.
	%
	No.
	%
	
	
	

	SNHL
	Negative
	49
	98.0%
	29
	58.0%
	23.310
	0.000
	HS

	
	Positive
	1
	2.0%
	21
	42.0%
	
	
	

	Conductive HL
	Negative
	46
	92.0%
	47
	94.0%
	0.154
	0.695
	NS

	
	Positive
	4
	8.0%
	3
	6.0%
	
	
	

	Type of SNHL
	Low frequency
	0
	0.0%
	3
	14.3%
	1.513
	0.469
	NS

	
	Mid frequency
	1
	100.0%
	8
	38.1%
	
	
	

	
	High frequency
	0
	0.0%
	10
	47.6%
	
	
	

	Severity of SNHL
	Mild
	1
	100.0%
	10
	47.6%
	1.048
	0.592
	NS

	
	Moderate
	0
	0.0%
	10
	47.6%
	
	
	

	
	Severe
	0
	0.0%
	1
	4.8%
	
	
	

	Which ear affected
	Unilateral
	0
	0.0%
	1
	4.8%
	0.100
	0.752
	NS

	
	Bielateral
	2
	100.0%
	20
	95.2%
	
	
	


P-value >0.05: Non significant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS)

*:Chi-square test

The Previous table shows that there was highly statistically significant difference found between two groups regarding presence of SNHL and it also show the most common type of SNHL is high frequency type and most commonly of mild to moderate degrees.
While there was no statistically significant difference found between two groups regarding conductive hearing loss.
Table (2) Comparison between CKD patients on hemodialysis, CKD patients on conservative management and control group regarding serum urea, creatinine, sodium, potassium, calcium, phosphorus, hemoglobin level, total leucocytic count, platelets count, blood PH and bicarbonates level.
	
	CKD on hemodialysis
	CKD on conservative
	Control
	Test value•
	P-value
	Sig.

	
	No. = 30
	No. = 20
	No. = 50
	
	
	

	urea
	Mean ± SD
	152.13 ± 43.23
	185.30 ± 47.70
	32.70 ± 5.87
	221.862
	0.000
	HS

	
	Range
	60 – 260
	65 – 285
	22 – 44
	
	
	

	create
	Mean ± SD
	6.13 ± 3.59
	1.48 ± 0.82
	0.61 ± 0.17
	74.402
	0.000
	HS

	
	Range
	1.8 – 15
	0.6 – 3
	0.3 – 1
	
	
	

	Na
	Mean ± SD
	140.33 ± 5.78
	138.05 ± 3.61
	137.80 ± 2.91
	3.810
	0.026
	S

	
	Range
	133 – 151
	134 – 149
	130 – 142
	
	
	

	k
	Mean ± SD
	4.62 ± 0.85
	4.28 ± 0.69
	3.73 ± 0.24
	23.211
	0.000
	HS

	
	Range
	3 – 7
	3 – 5.7
	3 – 4.5
	
	
	

	ca
	Mean ± SD
	4.33 ± 0.60
	4.42 ± 0.37
	4.47 ± 0.24
	1.145
	0.323
	NS

	
	Range
	2.8 – 5.2
	4 – 5.1
	4 – 5
	
	
	

	Phosphorus
	Mean ± SD
	5.14 ± 0.53
	5.10 ± 0.36
	4.40 ± 0.34
	39.405
	0.000
	HS

	
	Range
	4 – 6
	4.4 – 5.8
	4 – 5
	
	
	

	Hb
	Mean ± SD
	9.26 ± 1.50
	10.84 ± 1.50
	10.86 ± 0.89
	17.544
	0.000
	HS

	
	Range
	5.9 – 12
	8 – 13
	9.5 – 12
	
	
	

	Tlc
	Mean ± SD
	9.13 ± 2.01
	8.93 ± 4.31
	7.04 ± 2.38
	6.576
	0.002
	HS

	
	Range
	5 – 13
	5 – 24
	4 – 12
	
	
	

	PlT
	Mean ± SD
	241.27 ± 72.03
	301.50 ± 108.57
	258.30 ± 66.67
	3.668
	0.029
	S

	
	Range
	120 – 400
	106 – 477
	150 – 366
	
	
	

	PH
	Mean ± SD
	7.32 ± 0.05
	7.37 ± 0.03
	7.35 ± 0.02
	13.770
	0.000
	HS

	
	Range
	7.2 – 7.4
	7.3 – 7.45
	7.3 – 7.38
	
	
	

	HCO3
	Mean ± SD
	15.64 ± 2.19
	17.95 ± 2.44
	15.52 ± 1.45
	12.493
	0.000
	HS

	
	Range
	13 – 23
	13 – 23
	13 – 18
	
	
	


P-value >0.05: Non significant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS)

•: One Way ANOVA test

The Previous table shows that there was highly statistically significant difference found between three groups regarding serum urea, creatinine, potassium, phosphorus, hemoglobin level total leucocytic count blood PH and bicarbonate level

While it was statistically significant in serum sodium and platelets count.
While there was no statistically significant difference found between three groups regarding serum calcium level.

Table (3) Comparison between CKD patients on hemodialysis, CKD patients on conservative management and control group regarding sensorineural hearing loss(SNHL) :{type, severity and laterality} and conductive hearing loss.

	
	CKD on hemodialysis
	CKD on conservative
	Control
	Test value
	P-value
	Sig.

	
	No.
	%
	No.
	%
	No.
	%
	
	
	

	SNHL
	Negative
	17
	56.7%
	12
	60.0%
	49
	98.0%
	23.388
	0.000
	HS

	
	Positive
	13
	43.3%
	8
	40.0%
	1
	2.0%
	
	
	

	Conductive HL
	Negative
	30
	100.0%
	17
	85.0%
	46
	92.0%
	4.301
	0.116
	NS

	
	Positive
	0
	0.0%
	3
	15.0%
	4
	8.0%
	
	
	

	Type of SNHL
	Low frequency
	3
	23.1%
	0
	0.0%
	0
	0.0%
	3.911
	0.418
	NS

	
	Mid frequency
	4
	30.8%
	4
	50.0%
	1
	100.0%
	
	
	

	
	High frequency
	6
	46.2%
	4
	50.0%
	0
	0.0%
	
	
	

	Severity of SNHL
	Mild
	7
	53.8%
	3
	37.5%
	1
	100.0%
	2.587
	0.629
	NS

	
	Moderate
	5
	38.5%
	5
	62.5%
	0
	0.0%
	
	
	

	
	Severe
	1
	7.7%
	0
	0.0%
	0
	0.0%
	
	
	

	Which ear affected
	Unilateral
	1
	7.7%
	0
	0.0%
	0
	0.0%
	0.804
	0.669
	NS

	
	Bielateral
	12
	92.3%
	8
	100.0%
	2
	100.0%
	
	
	


The Previous table shows that there was highly statistically significant difference found between patients and control group regarding presence of SNHL but there was no statistically significant difference found between CKD patients on hemodialysis, CKD patients on conservative management.

The most common type of SNHL in CKD patients on hemodialysis was high frequency type while in CKD patients on conservative management were high and mid frequency types.

While there was no statistically significant difference found between three groups regarding conductive hearing loss and laterality of hearing loss.
Table (4) Relation between SNHL and (family history of chronic renal failure(CRF), history of ototoxic drug intake, family history of hearing loss, history of hypertension and causes of renal failure) in all cases

	
	Negative SNHL
	Positive SNHL
	Test value*
	P-value
	Sig.

	
	No.
	%
	No.
	%
	
	
	

	F.H of CRF
	No
	24
	82.8%
	18
	85.7%
	0.079
	0.778
	NS

	
	Yes
	5
	17.2%
	3
	14.3%
	
	
	

	History of ototoxic drugs
	Negative
	29
	100.0%
	21
	100.0%
	NA
	NA
	NA

	F. H of Hearing loss
	No
	29
	100.0%
	21
	100.0%
	NA
	NA
	NA

	History of HTN
	No
	26
	89.7%
	13
	61.9%
	5.466
	0.019
	S

	
	Yes
	3
	10.3%
	8
	38.1%
	
	
	

	Cause of RF
	Nephrophthesis
	4
	13.8%
	6
	28.6%
	7.577
	0.577
	NS

	
	Obstructive uropathy
	10
	34.5%
	7
	33.3%
	
	
	

	
	GN
	3
	10.3%
	1
	4.8%
	
	
	

	
	PUV
	2
	6.9%
	3
	14.3%
	
	
	

	
	SLE
	3
	10.3%
	0
	0.0%
	
	
	

	
	Hydrouretronephrosis
	2
	6.9%
	1
	4.8%
	
	
	

	
	Congenital  (single kidney)
	3
	10.3%
	2
	9.5%
	
	
	

	
	HUS
	1
	3.4%
	0
	0.0%
	
	
	

	
	Caroli
	0
	0.0%
	1
	4.8%
	
	
	

	
	Spina bifida  (atonic bladder)
	1
	3.4%
	0
	0.0%
	
	
	


P-value >0.05: Non significant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS)

*:Chi-square test

The Previous table shows that there was statistically significant relation found between SNHL and hypertension. 

While there was no statistically significant difference found between SNHL and family history of chronic renal failure(CRF), history of ototoxic drug intake, family history of hearing loss, and causes of renal failure
Table (5) Relation between SNHL and (serum urea, creatinine, sodium, potassium, calcium, phosphorus, hemoglobin level, total leucocytic count, platelets count, blood PH and bicarbonates level) in all cases.
	
	Negative SNHL
	Positive SNHL
	Test value•
	P-value
	Sig.

	
	No. = 29
	No. = 21
	
	
	

	urea
	Mean ± SD
	158.72 ± 51.45
	174.62 ± 40.89
	-1.172
	0.247
	NS

	
	Range
	60 – 285
	106 – 260
	
	
	

	create
	Mean ± SD
	4.13 ± 3.60
	4.45 ± 3.75
	-0.298
	0.767
	NS

	
	Range
	0.6 – 15
	0.6 – 13.6
	
	
	

	Na
	Mean ± SD
	137.97 ± 3.45
	141.43 ± 6.32
	-2.489
	0.016
	S

	
	Range
	133 – 146
	134 – 151
	
	
	

	k
	Mean ± SD
	4.53 ± 0.84
	4.42 ± 0.75
	0.464
	0.645
	NS

	
	Range
	3 – 7
	3 – 5.7
	
	
	

	ca
	Mean ± SD
	4.32 ± 0.54
	4.43 ± 0.49
	-0.744
	0.460
	NS

	
	Range
	2.8 – 5.2
	3.1 – 5.2
	
	
	

	Phosphorus
	Mean ± SD
	5.07 ± 0.41
	5.20 ± 0.55
	-0.914
	0.366
	NS

	
	Range
	4.4 – 5.7
	4 – 6
	
	
	

	Hb
	Mean ± SD
	9.77 ± 1.68
	10.06 ± 1.70
	-0.599
	0.552
	NS

	
	Range
	5.9 – 13
	7.1 – 12
	
	
	

	Tlc
	Mean ± SD
	9.39 ± 3.74
	8.57 ± 1.89
	0.924
	0.360
	NS

	
	Range
	5 – 24
	5 – 11
	
	
	

	PlT
	Mean ± SD
	268.76 ± 83.83
	260.67 ± 104.97
	0.303
	0.763
	NS

	
	Range
	106 – 477
	120 – 432
	
	
	

	PH
	Mean ± SD
	7.34 ± 0.04
	7.33 ± 0.06
	0.665
	0.509
	NS

	
	Range
	7.22 – 7.43
	7.2 – 7.45
	
	
	

	HCO3
	Mean ± SD
	16.76 ± 2.40
	16.29 ± 2.76
	0.650
	0.519
	NS

	
	Range
	13 – 23
	13 – 23
	
	
	

	Conductive HL
	Negative
	26 (89.7%)
	21 (100.0%)
	2.311
	0.128
	NS

	
	Positive
	3 (10.3%)
	0 (0.0%)
	
	
	


P-value >0.05: Non significant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS)

•: Independent t-test

The Previous table shows that there was  statistically significant relation found between SNHL and serum sodium in all cases. 

The Previous table shows that there was no  statistically significant difference found between SNHL and serum urea, creatinine, potassium, calcium, phosphorus, hemoglobin level, total leucocytic count, platelets count, blood PH and bicarbonates level in all cases. 

Discussion 
The cochlea and kidney have similar physiological mechanisms, namely the active transport of fluid and electrolytes performed by the stria vascularis and the glomerulus, respectively [1]
Alport reported a classic genetic syndrome with hearing deficit and renal failure that was named after him. Since then, there has been a steadily growing interest in the hearing function of patients with kidney disease ( 9).
The incidence of end-stage renal disease (ESRD) in children is considerably lower than that among adults. Children account for only a small fraction of the total dialysis patient population because of both the relatively low incidence of ESRD in children and the extensive use of renal transplantation among pediatric ESRD patients [10)

Approximately one-half of pediatric ESRD patients have a congenital or a hereditary disorder and one-half have an acquired renal lesion [11]

Our study found that 43.3 per cent of CKD patients on haemodialysis had sensorineural hearing loss,

As reported by Esfahani et al who found 30% had SNHL among their CRF patients . [12]

In contrast to studies that reported by  Ho¨r and Charachon who reported higher prevelance of SNHL among patients with chronic renal failure 

(13,14) 
Hearing thresholds were abnormal in CKD patients on haemodialysis across all frequencies ranging from 250Hz to 8 kHz .In our study, the majority of these patients experienced high frequency type in 46.2%

As reported by Gatland et al. who found 53 per cent in high frequency range (15)

 As regards severity we found that the most common type was mild to moderate degree of hearing loss in 92.3% of patients. whereas severe SNHL was found only in 7.7% of patients and no profound SNHL was reported. This result is consistent with that of Gatland et al. [Gatland et al.,1991] but not with Esfahani et al. , who found that severe degree was the main finding in the 30 patients studied (12)

In our study, SNHL was bilaterally reported in all affected cases. This result is comparable to the study by Esfahani et al. [Esfahani et al., 2004]; however, in the study by Nikolopoulos et al, 50% of patients had unilateral HL. [16]

We found no significant relation of SNHL with the duration of hemodialysis, which is similar to the result of Bazzi et al. [8].

In contrast, Peyvandi et al. proposed in a study that prevalence and severity of hearing loss increases with duration of CKD and haemodialysis.( 17)

It seemed that regular dialysis does not prevent the persistence of mild signs of uremic encephalopathy and peripheral neuropathy, but these signs do not appear to worsen with increasing dialytic age; In our study there was no statistically significant difference  between CKD patients on hemodialysis (10%) and CKD patients on conservative management (10%)  regarding peripheral neuropathy which is supported by  the result of Sobh et al. [18], who found no statistical differences between SNHL in CRF treated conservatively and those treated by dialysis
In our study we found that hypernatremia was statistaically significant with hearing loss. However serum potassium did not demonstrate any significant correlation with hearing impairement.

Other factors might affect hearing in uremic patients are hypertension, Vitamin D deficiency, and elevated serum urea levels, are proposed mechanisms for hearing impairment in patients with CRF [8,16,19) 

Our study showed that there was statistically significant relation found between SNHL and hypertension in CKD patients

Conclusion A high incidence of HL among children with CRF on regular hemodialysis and on conservative management was found in this study. There was statistically significant relation found between SNHL and hypertension in CKD patients but there was no significant relation  found with the duration of hemodialysis or  hematological parameters and biochemical parameter except serum sodium level. 
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