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Introduction: Chronic kidney disease (CKD) is a critical and rapidly growing global health problem.
Uremia is considered to be the second leading cause of frequent metabolic neuropathy. Neurological
complications occur in almost all patients with severe CKD, potentially affecting all levels of the
nervous system, from the CNS through to the PNS. Peripheral neuropathy manifests in almost all such
patients, leading to weakness and disability.

Aims and Objectives: To evaluate the changes of Nerve Conduction Velocity in different potassium
Value in Chronic Kidney Disease stage 5 and to establish any causal relationship of potassium level
with neuropathy in ESRD Patient.

Methodology: Patient admitted with CKD-5 (on Hemodialysis/Not on Hemodialysis) with symptoms
of tingling, numbness or feature suggestive of peripheral neuropathy will be randomly selected
accordingly inclusion criteria. All epidemiological and clinical data will be recorded. Everybody will
be tested for basic investigations including electrolytes in addition to potassium and NCV study.
Patients will be divided into three groups- Normokalemic, hypokalemic (potassium<3.5) and
hyperkalemic (potassium>5.5). The patients with positive changes of NCV will be tested for any
causal relationship with potassium value.

Results: A positive and a highly significant correlation between the level of potassium and
neuropathic features in an ESRD patient. A positive association is seen between the NCV changes,
mainly axonopathy and demyelination (in long standing cases) and raised potassium levels in ESRD
patients. A positive association is seen between potassium level and the stage of neuropathy.
Conclusion: The present study supports the fact that abnormalities in serum potassium constitute a
transient homeostatic disturbance which if persistent can lead to more permanent damage to neurons
leading to irreversible neuropathy. As far as axons are concerned, regular monitoring and strict control
of potassium in the normal range goes very far in the delayed progression of peripheral neuropathy.
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INTRODUCTION

kidney damage, which can be asymptomatic and is only
detected by blood and urine testing, through to end-stage

Chronic kidney disease (CKD) is a critical and rapidly growing
global health problem. Uraemia is considered to be the second
leading cause of frequent metabolic neuropathy .Neurological
complications occur in almost all patients with severe CKD,
potentially affecting all levels of the nervous system, from the
CNS through to the PNS. Peripheral neuropathy manifests in
almost all such patients, leading to weakness and disability.
CKD encompasses a spectrum of disease, ranging from mild
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disease, in which kidney function is impaired to such an extent
that the retention of metabolic waste products, salt and water
becomes potentially fatal. ! A neurologist who is asked to
consult on a CKD patient is likely to be faced with several
systemic features. The development of clinically relevant
neuropathy tends to be a late complication that is typically
limited to patients with end-stage kidney disease From a
neurological perspective, clinical features of CKD include
weakness and length-dependent sensory impairment, which
lead to functional disability, and, in patients with acute uremia,
an altered mental state due to encephalopathy. Chronic kidney
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disease (CKD) is a rapidly growing global health problem,
with a prevalence of 15% in developed nations””!. Chronic
kidney disease (CKD) is a global threat to health in general
and for developing countries in particular, because therapy is
expensive and life-long. The development of uremic
neuropathy is exceedingly common in CKD, with prevalence
rates of 60-90% in the dialysis population '*”#!. Over 1 million
people worldwide are alive on dialysis or with a functioning
graft . Incidence of CKD has doubled in the last 15 years. In
the USA, 30 million people suffer from CKD and by 2010
>600 000 patients will require renal replacement
therapy,costing US$28 billion .

Aims and Objectives

To evaluate the changes of Nerve Conduction Velocity in
different potassium Value in Chronic Kidney Disease stage 5
and to establish any causal relationship of potassium level with
neuropathy in ESRD Patient.

MATERIALS AND METHODS

Materials and Methods

1. Study area - Nil Ratan Sircar Medical College and
Hospital

2. Studypopulation- Indoor Patients in ward of Nil RatanSircar
Medical
College.

3. Study period - January 2013 — July 2014.

4. Sample size - 80 patients.

5. Sample design - Consecutive patients - by simple convenient
sampling.

6. Study design - Prospective study.

Parameters to be studied

Demographic — Age, Sex, Rural or Urban location, income,
education, family history of CKD.

Clinical — Blood pressure (SBP/DBP), Urine output in 24hrs,
neuropathy symptoms

Biochemical — Serum urea, serum creatinine and potassium
levels(available at central lab), Blood sugar, fasting and Post
prandial, Calcium, Phosphate, Uric acid, Urine Routine and
Microscopic Examination and culture and sensitivity.

Neurophysiological — Nerve Conduction Velocity studies of
both motor and sensory nerves of all four limbs using Recorder
Medicare System for NCV study at Neuromedicine in
NRSMCH.

Study tools-Detailed history and clinical examination will be
done in allpatients, his past records, and blood tests also will
berecorded. NCV study will be done in symptomatic
patientaccording to protocol at our institution.

Study techniques- Individual patients will be interviewed
separately andstudied. Patient admitted with CKD-5 (on
Hemodialysis/Not on Hemodialysis) with symptoms of
tingling, numbness or feature suggestive of peripheral
neuropathy will be randomly selected accordingly inclusion
criteria. All epidemiological and clinical data will be recorded.
Everybody will be tested for basic investigations including
electrolytes in addition to potassium and NCV study. Patients
will be divided into three groups-Normokalemic, hypokalemic

(potassium<3.5) and hyperkalemic (potassium>5.5). The
patients with positive changes of NCV will be tested for any
causal relationship with potassium value.

Inclusion Criteria: Patient must be established CKD stage 5
(according to KDIGO/KDOQI guideline) with some
symptomatology of peripheral nerve involvement and >18
years. Patient must not have prior dignosed peripheral
neuropathy of neurological disorder of other etiology or
diabetes which may contribute to neuropathic symptoms.
Calcium, sodium and magnesium level must be normal.

Exclusion Criteria: Acute on Chronic Kidney Disease.
Peripheral Neuropathy of primary nerve disorder. Acute
electrolyte abnormality leading to neuropathy in established
End Stage Renal patient.

DISCUSSION

This study is a cross sectional observational study in ESRD
patients with symptoms of peripheral neuropathy using
inclusion and exclusion criteria. The neuropathy symptoms are
graded by the NSS score and the severity of neuropathy
(staging) is based on NCV results and NSS score which is
taken as T-NSS. The NSS consists of 17 items — 8 focussing
on muscle weakness,5 on sensory disturbance and 4 on
autonomic symptoms.Items that were answered
negative/absent are given a score of zero and present score as
one point. Maximum score of 17.The NSS is a validated and
widely accepted symptom score for neuropathy '©¢* 661 Al
the patients in the present study of 80 patients reported
symptoms of neuropathy. The severity of symptoms of
neuropathy in the present study was staged as follows using a
modified form of a previously devised system (Dyck, 1988).
Stage 0, no neuropathy [T-NSS < 2 with normal NCS (nerve
conduction study)]; Stage 1, asymptomatic neuropathy (T-NSS
= (0 with abnormalities on NCS); Stage 2, symptomatic
neuropathy (T-NSS > 2 with normal NCS or T-NSS 1 with
abnormal NCS; neuropathic symptoms non-disabling); Stage
3, disabling neuropathy (T-NSS >2 with normal NCS or T-
NSS > 1 with abnormal NCS; neuropathic symptoms reported
to be disabling.

Discussion about demographic profile

In the present study demographic profiles selectedss are
gender, age, religion, residence, education, income and patients
on hemodialysis and not on hemodialysis. Out of 80 patients
taken, 61% are male and 39% are females. In this study of 80
patients 54% patients are in the 40-59 age group and 20% in
the 60-79 age group and 25% in 20-39 age group. The mean
age is 48.58 years and SD is 13.68years.P value is < 0.292
which shows no association and ESRD peripheral neuropathy.
61% of symptomatic patients are urban while 39% is rural. P
value is 0.94; also bar graph shows ESRD neuropathy
distribution almost equal irrespective of residence. In the
present study 20% of population is illiterate, 36% went to
school and 44% went to college. In the present study, 39% and
40% of the patients are from the lower and higher
socioeconomic strata respectively. In this study of 80 patients,
36 of whom are on HD. Out of these 19 are in the 40-59 age
group (54%). 45% of HD population is sympyomatic and 55%
of non HD is symptomatic. P value is <0.572.Patients on HD
can be symptomatic and have their neuropathy attributable to
potassium because of post dialysis rebound ***!,
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RESULTS

30% of symptomatic patients are normal NCV;25% have
axonal n.23% have radiculopathy with axonal neuropathy
;axonal  with  demyleinating is  13.75%;7.5%  have
radiculopathy. Table 9 and pie charts 9(a,b,c) showing axonal
with demyleinating and axonal with radiculopathy changes at a
score of NSS 1 to 3.The number of the above changes
significantly increases with NSS 4 to 6 while NSS score above
8 shows all axonal. Plus at a lower score of 1to 3,24 patients
have a normal NCV. Table and diagram 10 shows neuropathy
stages with respect to potassium levels.47.5% patients of
hyperkalemic patients have stage 3 neuropathy;3% have stage
2 neuropathy.20% of normokalemic patients have stage 0
neuropathy and 20% have stage 2 neuropathy. p value
calculated is zero which is highly significant and shows stage 3
neuropathy with hyperkalemic patients. All ESRD patients in
the present study of 80 patients reported symptoms of
neuropathy. The mean NSS score is 3.125 and SD is 2.17. The
mean potassium level of the study group is 5.14 and SD is
1.06.Since sample size is 80 and distribution is normal
Pearson’s test was applied and a correlation coeeficient of
0.7222 obtained which is highly significant. The R* value is
0.5217 which is again highly significant. So this study shows
potassium levels having a linear relationship with NSS. Next
the distribution of potassium with various types of divided into
two groups (1)NCV changes present(axonal neuropathy,
demyleinating neuropathy or both) and (2) NCV changes
absent (radiculopathy or normal). Radiculopathy per se is not
caused by potassium changes. 62.5% patients had positive
NCV changes and 37.5% had absent changes in NCV. The
mean value and standard deviation of potassium values in both
groups were 5.69,0.76 and 4.22,0.85 respectively. Unpaired t-
test was applied. The standard error of difference is 0.127 The
two-tailed pvalue is less than 0.0001. By conventional criteria,
this difference is considered to be extremely statistically
significant. So in this study potassium shows strong
association with NCV changes!****"*¥]. Kiernan MC, Walters
RJL, Andersen KV, Taupe D, Murray NMF, Bostock H in
their study named Abnormal nerve excitability properties in
patients renal failure suggest membrane depolarizalization due
to hyperkalemia.

Kiernan MC, Bostock H. in their study named Effects of
membrane polarization and ischaemia on the excitability
properties of human motor axons. Maury E, Lemant J,
Dussaule JC, Penicaud Vedrine A, Offenstadt G. in their study
named A reversible paralysis. Brain (2005), in his study named
Altered motor nerve excitability in end-stage kidney
disease128, 2164-2174. In the presents study the association of
potassium with neuropathy was explored. Patients were
divided into stage 0, stage 2 and stage 3 neuropathy with their
respective potassium levels and ANOVA was applied. The
mean value of potassium for each stage was calculated.
ANOVA analysis shows potassium level in stage 3(K'=6.03)
to be significantly higher than stage 2 (K'=4.66).p value is
<0.001. Although the potassium level of stage 2 falls in the
normal range, it is significantly higher than that of stage 0.The
f value is 78.145(Tukey HSD post hoc analysis). Next NCV
changes distribution was shown with respect to abnormal
potassium levels (hyperkalemia and hypokalemia). 48% of
NCV (+) were hyperkalemic. p value is 0.006 which is highly
significant. ROC curve was obtained for potassium values and
NCYV changes. The AUC is 0.733 with a lower bound of 0.639
and upper bound of 0.828.The two tailed p value is <0.0001
which is highly significant. This test is fair and strengthens the
association between potassium and NCV. Next the correlation
of NSS with creatinine was explored. The mean and SD of
creatinine were 8.5 and 2.15.The correlation coefficient was -
0.00013 which is non significant and shows no association
with NSS. So from this it is inferred that a uraemic toxin like
creatinines holds a weaker association than potassium with
respect to peripheral neuropathy. Next the association of
creatinine with Neuropathy stage was shown. The p value is
0.572 which is non significant and proves no association
between the twol™,

The correlation of creatinine clearance with NSS is also non
significant with a coefficient of -0.11. The present study is a
cross sectional study in ESRD patients with symptoms of
peripheral neuropathy where data has been taken from patients
admitted in the medicine ward of NRS Medical College and
Hospital. Neuropathy symptoms were graded according to
NSS score, NCV results were obtained and patients were
staged into three groups according to the stage of neuropathy-
stage 0, stage 2 and stage 3.

Table 1. Age HD Distribution

AGE HD Total %
Yes Yes % No No %
20-39 11 14 9 11 20 25
40-59 19 24 24 30 43 54
60-79 6 8 10 13 16 20
>80 1 1 1 1
TOTAL 36 45 44 95 80 100

Table 2. NCV change distribution in sample

AXONAL | DEMYLEI
DEMYLEI [RADICUL + NATIG+ RABICLL
NCV AXONAL Normal OPATHY+| Total
NATIG OPATHY DEMYLEI | RADICUL
AXONAL
NATIG | OPATHY
20 0 5] 24 i1 0 19 80
% 25 0 7.5 30 13.75 0 23.75 100
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Table 3. K+ in HD and non HD patients

K+ HD Total Total %
Yes Yes % No No %
Hypokalemic
(<3.5) 6 7.5 1 1.25 7 9
Normokalemic
(3.5-5.5) 16 20 16 20 32 40
Hyperkalemic
(5.5>) 14 17.5 27 33.75 41 51
Total 36 45 44 55 80 100
CHI-SQUARE FREEDOM OF
VALUE DISTRIBUTION P-VALUE
6.963 2 0.03

Table 4. NCYV result distribution at different NSS levels

NSS NCV
Total
AXONAL | DEMYLEI
RADICUL | Number
AXONAL |DEMYLEI |RADICUL + NATIG+
Normal OPATHY+ of
SM NATIG OPATHY DEMYLEI | RADICUL -
AXONAL | Patients
NATIG | OPATHY
1To3 10 3 24 g8 8 48
4To b6 8 3 8 11 30|
8and
Above 2 2

Table 5. K+ with NCV stage

NCV
Stage Stage Stage
K+ Stage Og Stage zg Stage Sg Total
0 2 3
% % %
Hypokalemic
(<3.5) 7 8.75 0 0 7
Normokalemic
(3.5-5.5) 16 20 16 20 0 32
Hyperkalemic
(5.5>) 3 3.75 38 | 475 41
Total 23 28.75 19 23.75 38 47.5 80
Table 6. K+ Level with NCV
NCV Total
AXONAL | DEMYLEI cut | Number
| MY AL | | | ST ok o
NATIG | OPATHY AXONAL | Patients
Hypokale
mic
(<3.5) 0 0 3 4 0 0 ] 7
Mormoka
lemic
(3.5-5.5) 7 0 ] 20 D 0 5 32
Hyperkal
emic
(5.5>) 14 0 3 0 11 0 13 41
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Figure 1. K+ with NSS score
Table 7. NCV changes with respect to abnormal K+ level
NCV Changes + | NCV Changes + MCV Changes- | NCV Changes- | Total
{Axonal/ [ (Axonal (Radiculopathy | {Radiculopathy
DEMYLEINATIG | /DEMYLEINATIG | or Normal) or Normal) %
or Both) or Both) % ¥
Hypokalemic
(<3.5) 0 0 7 15 7|15
Hyperkalemic
(5.5 23 48 18 38| 4185

Sample was divided into NCV(+)} and NCV{-).48% of NCV (+) were hvperkalemic p value is

0.006 which 15 highly significant.

CHI-SOUARE VALUE

FREEDOM OF P-
DISTRIBUTION | VALUE

754

I 0.006

Demographic data relating to gender, age, residential area,
education, income and whether the patients are on HD or not
which have largely proved inconclusive and insignificant with
respect to the present study. In exploring the relationship
between potassium and peripheral neuropathy symptoms, a
positive correlation between potassium and neuropathy
symptoms was found.

1) A positive and a highly significant correlation between
the level of potassium and neuropathic features in an
ESRD patient.

2) A positive association is seen between the NCV
changes, mainly axonopathy and demyelination (in long
standing cases) and raised potassium levels in ESRD
patients.

3) A positive association is seen between potassium level
and the stage of neuropathy.

The present study supports the fact that abnormalities in serum
potassium constitute a transient homeostatic disturbance which

if persistent can lead to more permanent damage to neurons
leading to irreversible neuropathy. As far as axons are
concerned, regular monitoring and strict control of potassium
in the normal range goes very far in the delayed progression of
peripheral neuropathy.

Summary and Conclusion

The present study is a cross sectional study in ESRD patients
with symptoms of peripheral neuropathy where data has been
taken from patients admitted in the medicine ward of NRS
Medical College and Hospital. Neuropathy symptoms were
graded according to NSS score, NCV results were obtained
and patients were staged into three groups according to the
stage of neuropathy-stage 0, stage 2 and stage 3. Demographic
data relating to gender, age, residential area, education, income
and whether the patients are on HD or not which have largely
proved inconclusive and insignificant with respect to the
present study. In exploring the relationship between potassium
and peripheral neuropathy symptoms, a positive correlation
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between potassium and neuropathy symptoms was found. A
positive and a highly significant correlation between the level
of potassium and neuropathic features in an ESRD patient. A
positive association is seen between the NCV changes, mainly
axonopathy and demyelination (in long standing cases) and
raised potassium levels in ESRD patients. A positive
association is seen between potassium level and the stage of
neuropathy. The present study supports the fact that
abnormalities in serum potassium constitute a transient
homeostatic disturbance which if persistent can lead to more
permanent damage to neurons leading to irreversible
neuropathy. As far as axons are concerned, regular monitoring
and strict control of potassium in the normal range goes very
far in the delayed progression of peripheral neuropathy.
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