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Abstract
Background: Patients with chronic kidney disease on hemodialysis are frequently a�icted with
neurological complications. These complications can potentially affect both the central and peripheral
nervous systems. Common neurological complications in CKD include stroke, cognitive dysfunction, and
encephalopathy, peripheral and autonomic neuropathies.

Aim: to detect the neurological manifestations and complications in children with chronic kidney disease
through neurophysiological and neuro-radiological �ndings.

Methods: The study included 50 patients with CKD admitted to pediatric nephrology unit. Their history,
complete physical and neurological examination �nding had been recorded. All of them underwent nerve
conduction, electromyography (EMG), electroencephalography (EEG) and magnetic resonance imaging
(MRI).

Results: Included children were 23 males and 27 females with mean age of (12.8±3.44 year). 11 (22%)
patients of end stage renal disease developed polyneuropathy mostly of axonal polyneuropathy pattern
while 78% of them showed normal electrophysiological studies. No myopathy was detected. Abnormal
electroencephalography �ndings were detected in 18% of patients in the form of generalized and focal
(temporal, occipital and frontal) epileptogenic activity had been found. Abnormal MRI �ndings were
detected in 16% of patients mostly of encephalomalachia.

Conclusion: Neurological status in patients with end stage renal disease on maintenance hemodialysis
therapy was impaired. Uremic neuropathy is highly prevalent in these patients. They developed
polyneuropathy mostly of axonal polyneuropathy pattern. EEG is a useful tool for detection of subclinical
or latent uremic encephalopathy and/or epileptogenic activity. Early detection and management of these
neurological conditions may estimate a window to reduce physical disability in children with CKD.  

Introduction
Chronic kidney disease (CKD) is de�ned by the National Kidney Foundation Kidney Disease and Outcome
Quality Initiative (KDOQI) Group as CKD is present if the glomerular �ltration rate (GFR) is less than
60 mL/min per 1.73 m² for ≥ 3 months or if the GFR is ≥ 60 mL/min per 1.73 m² if other evidence of
kidney damage exists which is manifested by pathologic abnormalities reported by renal biopsy or
abnormalities detected by urine, blood tests and imaging procedures (1).

The etiology of CKD may be due to a primary renal disorder or as a multisystem disorder complication
related to comorbidities, such as diabetes which is considered now the leading cause of CKD worldwide.
Neurological complications are highly prevalent in CKD whatever the cause (2).

Encephalopathy that detected in patients with chronic kidney disease may be due to their exposure to
several factors as uremia, hypertension, and �uid and electrolyte disturbances (3). Uremic encephalopathy
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features including alterations of the mental status (alertness and awareness alterations, poor
concentration, psychosis, hallucinations, without treatment stupor and coma may develop) and motor
system abnormalities as clouding of sensorium as early feature and delirium, seizures, coma as late
features (4).

Dialysis disequilibrium syndrome neurological manifestations include headache, nausea, vomiting,
blurred vision, muscle cramps, tremor, disturbed consciousness and convulsions due to rapid removal of
urea during hemodialysis. Rapid hemodialysis leads to osmotic gradient between plasma and brain
resulting in cerebral edema that manifest neurological status for these patients (5).

The most common neurological complication of CKD is peripheral neuropathy that also called uremic
neuropathy that affects 60–90% of dialysis patients (6). Early clinical features of uremic neuropathy are
numbness and paresthesia resulting from involvement of large myelinated sensory �bers and clinical
examination reveals distal sensory loss in lower limb and decreased or absent deep tendon re�exes. With
motor involvement, weakness and muscle atrophy developed with more severe conditions (7). When GFR
level decreased below 12 ml/min, clinical manifestations of uremic neuropathy becomes clear (8).

Uremic myopathy mechanism in CKD is unclear but may occur due to the role of oxidative stress (9).
When glomerular �ltration rate decreases below 25 mL/min with impairment of kidney function, uremic
myopathy clinical features will appear (10) as proximal muscle weakness in the muscles of the lower
limbs leading to limited function of these muscles (11).

Stroke display a high prevalence in patients with CKD. The prevalence is 17% for long term hemodialysis
CKD patients, 10% for mild to moderate CKD patients and 4% for the general population. 50% of
advanced CKD patients have evidence of silent brain infarcts on magnetic resonance imaging (MRI) (12).
Hypertension, hypercholesterolemia, disorders of mineral and bone metabolism increase the risk of stroke
(13).

The aim of this work was to detect the neurological manifestations and complications in children with
chronic kidney disease through neurophysiological and neuro-radiological �ndings.

Subjects And Methods
This cross sectional study was carried out on 50 children presented by chronic kidney disease. Patients
were selected from the Nephrology unit, Pediatric department, Menou�a University Hospital. Children
included in this study were less than 18 years and on regular hemodialysis for more than 6 months. They
were 23 males and 27 females with mean age of (12.8 ± 3.44 year). Patients having central or peripheral
nervous system disease from congenital or other causes than CKD, and who have previous
polyneuropathy and myopathy caused by thyroid dysfunction or diabetes mellitus were excludes from the
study.
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The study was approved by the faculty ethical committee after taking written consent from patients’
guardians after a full explanation of bene�ts and risks of the study.

Methods
All studied patients were subjected to complete history taking, complete physical and neurological clinical
examination. Polyneuropathy was assessed clinically (numbness, tingling, insomnia, pain or
paresthesia), by examination (distal motor wasting, weakness, hypotonia and hypore�exia), and electro-
physiologically by nerve conduction and electromyography (EMG) that con�rm the diagnosis and
detecting type of polyneuropathy (axonal or demyelinating). Myopathy was assessed clinically through
proximal weakness and wasting and electrophysiological by nerve conduction and (EMG) studies that
con�rm the diagnosis and determining the muscle affected. All studied patients underwent nerve
conduction, electromyography (EMG), electroencephalography (EEG) and magnetic resonance imaging.

Neurophysiological Studies:

A) Nerve Conduction And Electromyography (emg):
All patients in the current study were assessed by neurophysiology studies in the form of a nerve
conduction including motor and sensory evaluation as well as electromyography (EMG). The examined
nerves included tibial and peroneal nerves on both sides (motor) and sural nerve on both sides (sensory)
while the examined muscles included the tibialis anterior, medial head of gastrocnemius medial and
gluteus maximus muscles on both sides.

Diagnostic Criteria Of Polyneuropathy And Myopathy:
Diagnosis of myopathy was assessed based on normal nerve conduction study, needle EMG reports short
duration, and low amplitude motor potential with early or normal full recruitment in proximal muscles
(gluteus maximus) (14).

Axonal polyneuropathy diagnosis detected on the basis of the nerve conduction study that illustrates
decreased compound muscle action potential (CMAP) amplitudes to < 80% of the lower bound of normal
in two or more nerves without conduction block, decreased sensory nerve action potential (SNAP)
amplitudes to < 80% of the lower bound of normal and normal or near normal nerve conduction velocities
without conduction block.

On the basis of diagnosis of axonal polyneuropathy by EMG study that illustrates denervation potential
(�brillation, positive sharp waves) in distal muscle, large polyphasic motor unit and reduced recruitment
of motor potential in distal muscle.
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Acute demyelination polyneuropathy was diagnosed based on nerve conduction study which
demonstrates prolonged distal motor latency > 115% of the upper limit of normal, decreased conduction
velocity < 90% of the lower limit of normal and conduction block (15).

On the basis of diagnosis of acute demyelination polyneuropathy by EMG study which demonstrates no
denervation potential at rest in distal muscle, normal motor unit and reduced recruitment of motor
potential in distal muscles.

B) Electroencephalogram (eeg):
The EEG was performed in a quiet room using Galileo Sirius9231134. The 21-channel-EEGs were
recorded during standard conditions (rest, hyperventilation, photo stimulation); children were studied
while resting with eyes closed throughout the recording period. EEG signals were recorded for 20 min
from 19 scalp electrodes, according to the International 10—20 System using an average reference
(Mizar-Sirius 33 Channels; EBNeuro)(16).

Statistical analysis
The collected data were tabulated and analyzed by SPSS (statistical package for social science) version
22.0 on IBM compatible computer. Two types of statistics were done: Descriptive statistics in which
percentage (%), mean and standard deviation (SD) were used while for analytical statistics: Student t-test:
used for comparison between two groups having quantitative parametric variables. A p-value ≤ 0.05 was
considered signi�cant.

Results
Demographic features and clinical pro�le were illustrated in (Table 1). Seizures were reported in 22% (n = 
11), headache in 24% (n = 12), numbness in 18%(n = 9), dizziness in 10% (n = 5), insomnia in 14% (n = 7),
memory disturbance in 6% (n = 3), delayed speech in 8% (n = 4), hypotonia in 22% (n = 11), hypore�exia in
22% (n = 11) and hyperre�exia in 10% (n = 5) of children with CKD.

The prevalence of peripheral neuropathy among studied patients detected through electrophysiological
study was 22% (n = 11 of 50), axonal motor and sensory neuropathy was observed in 81.8% (n = 9),
demyelinating motor neuropathy was reported in 18.2% (n = 2) as shown in (Table 2). By the analysis of
nerve conduction study, the results revealed a highly signi�cant statistical difference between the two
groups regarding amplitude, which was markedly reduced in the patient group, and in conduction velocity
which was markedly reduced in the patient group in comparison to the control group of tibial and
peroneal nerves. Also, there was a highly signi�cant statistical difference between both groups
concerning the distal motor latencies (Table 3).

By the analysis of EMG study, the results revealed normal motor units in 41 patients (82%) while 9
patients (18%) revealed large polyphasic motor unit (neuropathic) as regards tibialis anterior muscle and
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medial head of gastrocnemius muscle while all studied patients (100%) revealed normal motor unit as
regards gluteus maximus muscle. There was a decreased interference pattern in 11 patients (22%) and
denervation potential in the tibialis anterior and medial head of the gastrocnemius muscles in 9 patients
(18%) (Table 4).

Abnormal EEG �ndings were demonstrated in 18% (n = 9) of studied subjects, 44.4% (n = 4) had
generalized epileptogenic activity, and 55.6% (n = 5) had focal epileptogenic activity (40% temporal, 40%
occipital and 20% frontal) as illustrated in (Table 5). Abnormal MRI �ndings were reported in 8 patients
(16%) including mild brain atrophy in 37.5% (n = 3) and encephalomalacia in 62.5% (n = 5) as shown in
(Table 6).

Discussion
Sensorimotor axonal polyneuropathy are common and affects lower limbs mainly due to length
dependent axonal degradation and secondary focal loss of myelin sheath (17, 18).

The accumulation of uremic toxins associated to oxidative stress-related free radical activity causes
motor, sensory and autonomic nerve damage which leads to uremic neuropathy (19, 20). Hyperkalemia and
hyperphosphatemia cause chronic uremic depolarization of nerves that contributes to the development of
UN. Potassium disrupts the normal ionic gradient and activates calcium-mediated processes leading to
axonal death (21).

Seizures were reported in 11 (22%) due to epilepsy and uncontrolled hypertension and headache in 12
(24%) due to uncontrolled hypertension, both were the major central neurological manifestation in
patients with CKD. This is in concordance with Afsharkhas et al. who reported that 12 (40%) of patients
had neurologic �ndings including seizures in 7(23.4%) patients due to epileptic syndromes, hypertension
with posterior reversible encephalopathy syndrome, febrile convulsion, and increased intracranial
tension(22). Also, Scorza et al. reported 5 cases had seizures related to dialysis (23).

Analytical interpretation of the results of current neurophysiological study revealed neurological
presentation of uremic neuropathy that vary from numbness, insomnia, weakness, hypotonia, and
hypore�exia. Early symptoms of UN are paresthesia, paradoxical heat sensation, restless leg syndrome,
increased pain sensation, and cramps. Long-term symptoms include weakness, impaired deep tendon
re�exes, imbalance, numbness, and atrophy of the lower limbs (24, 25).

Peripheral neuropathy prevalence in the current work was 22%; axonal motor and sensory neuropathy
(81.8%) is more common than demyelinating motor neuropathy (18.2%). Yoganathan et al. demonstrated
that the prevalence of peripheral neuropathy was 52%; axonal neuropathy (80.8%) was more common
than demyelinating neuropathy (11.5%) and motor neuropathy was the predominant type, followed by
sensory motor neuropathy (26). Few studies in children reported that the prevalence ranging from 0–59%
(27). In contrast, Ackil et al. showed that sural nerve conduction abnormalities in 59% of children, and
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motor conduction studies revealed motor conduction abnormality in 29% of children on dialysis (19). The
tibial and common peroneal nerves were most commonly affected as there was reduced conduction
velocity and amplitude in our patients, this in agreement with Yoganathan et al. (26). Another study
reported that low peroneal nerve conduction velocity was considered as a sensitive measure for the
diagnosis of uremic neuropathy (28). De Camargo et al. demonstrated signi�cant decrease in mean
peroneal motor nerve conduction velocity in children with mild renal failure (29).

Analytical interpretation of EMG results of the current study revealed normal motor units in 41 patients
(82%) while 9 patients (18%) revealed large polyphasic motor unit (neuropathic) as regards tibialis
anterior muscle and medial head of gastrocnemius muscle and all studied patients (100%) revealed
normal motor unit as regards gluteus maximus muscle. There was a decreased interference pattern in 11
patients (22%) and denervation potential in the tibialis anterior and medial head of the gastrocnemius
muscles in 9 patients (18%). Fahal and Bell reported normal electromyography (EMG) �ndings in patients
with chronic kidney disease (11). Berretta et al. revealed proximal muscle weakness primarily of the lower
extremities and especially of the proximal musculature of the pelvic girdle and the electromyogram
(EMG) illustrated high-voltage polyphasic potentials in a 13-year old boy with poor kidney function with
elevated BUN( blood urea nitrogen) to 118 mg/dl and creatinine to 10.7 mg/dl (30).

Abnormal EEG �ndings were demonstrated in 18% (n = 9) of studied subjects, 44.4% (n = 4) had
generalized epileptogenic activity, and 55.6% (n = 5) had focal epileptogenic activity (40% temporal, 40%
occipital and 20% frontal). Gadewar et al. (31) showed that frontal and fronto-temporal sharp wave
transients were reoresented as the stage of CKD was progressed and were present in stage 5 and stage 4,
frontal sharp wave transients were reported in 50% of stage 5 and in 71.43% of stage 4. Demir et al. (32)

reported that bilateral spike wave activity was found in 14% of patients with uremic encephalopathy who
don't have seizures. Also, Koçer et al. (33) demonstrated that sharp wave transients in the later stages of
CKD, and occipital sharp wave transients were found in stage 4 and p-value is reported to be signi�cant in
the distributional pattern at different progressive stages of CKD.

Electroencephalography (EEG) has generalized slowing, and bilateral spike and wave complexes have
been described in up to 14% of patients, even in the absence of evident clinical seizure activity (34). Arnold
et al. reported the EEG abnormalities of a chronic kidney disease patient who presented with drowsiness
and confusion by triphasic waves as typically seen in uremic encephalopathy (35). The typical features of
an EEG in uremic encephalopathy are often non-speci�c such as a slowing of the alpha rhythm with
excess delta and theta waves (10).

Abnormal MRI �ndings were reported in 16% of studied subjects (n = 8) including mild brain atrophy in
37.5% (n = 3) and encephalomalacia in 62.5% (n = 5) this may be due to hypertensive encephalopathy,
uremia, electrolytes disturbance, seizure or hypoxia. Ishikura et al. reported radiological abnormalities in
20 patients; these abnormalities extend to the grey matter (85%) particularly in the frontal, temporal lobes
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and cerebellum (36). Brain atrophy were estimated in 3 (23%) of 13 children presented with chronic renal
failure (37). Conclusion

Neurological status in patients with end stage renal disease on maintenance hemodialysis therapy was
impaired. Uremic neuropathy is highly prevalent in these patients. They developed polyneuropathy mostly
of axonal polyneuropathy pattern. EEG is a useful tool for detection of subclinical or latent uremic
encephalopathy and/or epileptogenic activity. Early detection and management of these neurological
conditions may estimate a window to reduce physical disability in children with CKD.
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Table (1): Distribution of demographic, clinical, and neurological examination in patients with CKD.
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tudied variables Cases (N=50) Test of significance          P value
 

/ years  
n ±SD
ge

 
12.8±3.44

4 – 18

t-test
1.92

0.060

ied variables N %    
der

Male 

Female

 
23
27

 
46
54

   

ures

Yes 

No

 
11
39

 
22
78

   

dache

Ø  Yes

Ø  No 

 
12
38

 
24
76

   

mbness 

Ø  Yes 

Ø  No

 
9

41

 
18
82

   

iness                     

Yes 

No

 
5

45

 
10
90

   

mnia

Yes

No 

 
7

43

 
14  

       86

   

urbance of memory 

Yes

No 

 
      3
     47

 
        6

94

   

tality 

1. Low

2. Normal

 
0

50

 
0

100

   

ech 

1. Delayed 

2. Normal

 
4

46

 
8

92
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nial nerve palsy

1. Present

2. Absent 

 
0

50

 
0

100

   

e 

1. Hpertonia

2. Hypotonia

3. Normal tone

 
0

11
39

 
0.00
22
78

   

er    

Decreased

Normal

 
15
35

 
30.0
70.0

   

exes 

1. Hyperreflexia

2. Hyporeflexia

3. Normal reflexes

 
5

11
34

 
10
22
68

   

 

Table (2): Distribution of abnormal electrophysiological findings among studied patients:

rmal      electrophysiological findings No. %
tive 
ve 

39
11

78
22

ve 

Axonal 

Demyelinating 

Myopathy 

N=11
 
9
2
0

 
 
81.8
18.2
0.00

 

Table (3): Nerve conduction findings among patients and controls 
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ve conduction Cases
N=50

Controls
N=50

t test P value

Mean ±SD Mean ±SD
bial nerve

m/s) 44.06±6.64 47.6±4.68 3.12 0.002*
ncy(ms)  5.10±1.07 3.90±0.81 6.29 0.0001*
litude(mv)  12.00±3.64 15.42±1.51 6.14 0.0001*
bial nerve
m/s) 39.72±4.36 52.76±4.51 14.71 0.0001*
ncy(ms)  5.46±0.86 3.94±0.84 8.91 0.0001*
litude(mv)  1132±3.42 17.04±1.97 10.24 0.0001*
eroneal nerve
m/s) 40.80±4.40 53.24±4.63 13.77 0.0001*
ncy (ms) 5.28±0.97 4.34±0.98 4.82 0.0001*
litude(mv)  3.64±1.30 4.84±0.86 4.65# 0.0001*
eroneal nerve
m/s) 40.04±4.72 53.30±4.52 14.34 0.0001*
ncy(ms)  5.42±1.00 4.00±0.81 7.80 0.0001*
litude(mv)  3.77±1.22 4.94±0.82 5.61 0.0001*

# Mann-Whitney test; CV: Conduction velocity; Rt: right; Lt: left     *significant difference      

Table (4):  Description of Electromyography findings among patients and controls: 
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Electromyography
Findings
 

Cases  (N=50)

No. %

Tibialis     anterior muscle
Motor unit 

1. Ø  Normal

2. Ø  Large polyphasic

3. Ø  Small polyphasic

 
41
9
0

 
82
18

0.00

Interference 

1. Ø  Normal 

2. Ø  Decreased 

3. Ø  Early recruitment 

 
39

   11
0

 
78
22

0.00

 Denervation 

1. Ø  No

2. Ø  yes 

 
41
9

 
82
18

Gastrocnemius muscle medial head
Motor unit 

1. Ø  Normal 

2. Ø  Large polyphasic

3. Ø  Small polyphasic

 
41
9
0

 
82
18

0.00

Interference 

1. Ø  Normal 

2. Ø  Decreased 

3. Ø  Early recruitment 

 
39
11
0

 
78
22

0.00

Denervation 

1. Ø  No

2. Ø  Yes

 
41
9

 
82
18

Gluteus Maximus muscle
Motor unit

1. Ø  Normal 

2. Ø  Small polyphasic

 
50
0

 
100
0.00

Interference 

1. Ø  Normal 

2. Ø  Decreased 

 
50
0
0

 
100
0.00
0.00



Page 16/16

3. Ø  Early recruitment

Denervation 

1. Ø  No

2. Ø  Yes

 
50
0

 
100
0.00

 

Table (5) Description of EEG findings among studied patients

EEG Findings Cases 
(N=50)

No. %

1. Normal EEG

2. Abnormal EEG

41
9

82
18

Abnormal EEG 
Generalized epileptogenic activity
Focal epileptogenic activity

N=9
4

           5

 
44.4

 
55.6

Focal epileptogenic activity:
Temporal 
Frontal
Occipital

N= 5
2
1
2

 
40
20
40

 

Table (6): Distribution of studied patients with MRI findings

 
Studied variables

 

Cases 
(N=50)

No. %
Normal MRI
Abnormal MRI

42
8

84
16

Abnormal MRI

Mild brain atrophy 

Encephalomalacia 

                          (N=8)

3
5

37.5
62.5


