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Abstract
The objective of this study was to confirm
electrophysiologically both the presence
and course of uraemic neuropathy in
haemodialysis patients. Nerve conduction
studies of the lower extremities were done
in 70 haemodialysis patients and 20 nor-
mal volunteers. Compared with that in
normal volunteers, the distal motor la-
tency in the tibial nerve of patients was
prolonged significantly (p<0.05), and the
minimal F wave latency in the tibial nerve
was also prolonged significantly (p<0.05).
Motor conduction velocity in the tibial
nerve was reduced significantly (p<0.05),
and sensory nerve conduction velocity in
the medial plantar nerve also was reduced
significantly (p<0.05). These results sug-
gest the presence of uraemic neuropathy
in haemodialysis patients. Twenty patients
were investigated by a follow up study five
years later. Parameters from F wave con-
duction studies, which were thought to be
the most useful in the evaluation of
neuropathy, showed no significant diVer-
ences between the initial and follow up
trials. These observations suggest that
uraemic neuropathy does not progress
during haemodialysis. These results also
suggest that most haemodialysis patients
showed electrophysiological evidence of
uraemic neuropathy, but no remarkable
electrophysiological change in uraemic
neuropathy during haemodialysis was
recognised.
(Postgrad Med J 2001;77:451–454)
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Chronic renal failure is known to be complicated
by uraemic neuropathy. The typical clinical fea-
tures of uraemic neuropathy include paresthe-
sias, such as burning sensations in the feet rather
than in the upper extremities.1 The number of
patients exhibiting clinical features of uraemic
neuropathy has recently decreased because of
the technical improvements in haemodialysis.2 It
has been pointed out, however, that the
incidence of uraemic neuropathy with electro-
physiological abnormalities is still high.3 There
has been no consensus on whether it improves
with time.4–7 Nerve conduction studies in the

extremities are used to evaluate the severity and
progress of uraemic neuropathy. Because pa-
tients who have undergone haemodialysis for
more than 10 years commonly develop carpal
tunnel syndrome, that is, entrapment
neuropathy,8–11 care should be exercised in inter-
preting the findings of the nerve conduction
studies. The ulnar nerve may be used occasion-
ally to eliminate the influence of carpal tunnel
syndrome, and cubital tunnel syndrome has
been similarly reported as a complication.9 It can
hardly be said that the problem of the eVect of
entrapment neuropathy has been solved. On the
other hand, anatomically the compression fac-
tors are less along the course of the nerves of the
lower extremities, unlike the carpal tunnel, and
therefore the nerves of the lower limbs are suit-
able for the analysis of uraemic neuropathy
developing during haemodialysis. In the present
study, peripheral nerve dysfunction during
dialysis and the chronological changes in
dysfunction were evaluated by nerve conduction
studies of the lower extremities in patients
undergoing haemodialysis. In addition, nerve
conduction studies were conducted on the
upper extremities, and the results were com-
pared with those from the lower extremities.

Patients and methods
PATIENTS

The subjects were 70 patients who underwent
haemodialysis between 1 December 1992 and
1 December 1997. There were 31 males and 39
females, with an age range of 39–86 years
(mean (SD) 61.4 (10.5) years). The duration
of haemodialysis ranged from three months to
28 years (mean (SD) 11.1 (3.5) years). The
patients were divided into three groups by the
duration of haemodialysis as follows: less than
10 years in group 1 (mean (SD) 5.0 (3.0) years,
n = 30); more than 10 years and less than 20
years in group 2 (mean (SD) 13.7 (3.0) years,
n = 29); and more than 20 years in group 3
(mean (SD) 22.3 (2.6) years, n = 11). Twenty
normal volunteers served as controls: 12 males
and eight females, with an age range of 31–75
years (mean (SD) 60.7 (11.8) years) (table 1).
The present study was carried out according to
the ethical regulations of the Helsinki Declara-
tion.

NERVE CONDUCTION STUDIES OF THE LOWER

EXTREMITIES

In the haemodialysis patients and normal sub-
jects, the tibial nerve was examined as the
motor nerve, whereas the sural and medial
plantar nerves were examined as the sensory
nerves. In the tibial nerve, the motor nerve
conduction velocity (MCV) and the distal
motor latency (DML) were measured by
stimulating the popliteal region and the ankle

Table 1 Patient characteristics

No of cases Sex (M/F)
Mean (SD)
age (years)

Duration (range) of
haemodialysis (years)

Haemodialysis patients 70 31/39 61.4 (10.5) 11.1 (0.3–28)
Normal volunteers 20 12/8 60.7 (10.5)
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joint. The compound muscle action potential
(CMAP) was recorded with a silver-silver (I)
chloride plate electrode placed on the abductor
hallucis muscle. The DML was taken as the
latency of any change from the baseline CMAP
recorded after stimulation of the ankle joint 10
cm proximal to the recording electrode. The F
wave was obtained by stimulating the popliteal
region and recorded with a silver-silver (I)
chloride plate electrode placed on the abductor
hallucis muscle. Stimulation was applied 16
times at a frequency of 1 Hz. All the trials were
recorded, and the minimal latency and F wave
conduction velocity were measured. The F
wave conduction velocity was calculated using
the following equation: (the distance between
the 12th thoracic vertebral spinous process and
the popliteal region × 2)/(F wave latency−M
wave latency−1 ms).12 The medial plantar
nerve conduction velocity was measured by
antidromically stimulating the nerves in the
ankle joint proximal to the tarsal tunnel and
recording the sensory nerve action potential
(SNAP) with a ring electrode placed on the big
toe. The stimulation was applied at a frequency
of 2 Hz, and 100 trials were averaged. In the
sural nerve, the sensory nerve conduction
velocity (SCV) was measured by antidromi-
cally stimulating the nerves in the calf and
recording SNAP with a silver-silver (I) chloride
plate electrode placed on the lateral aspect of
the ankle joint. Patients were followed up and
the measurements were conducted again after
an interval of five years.

NERVE CONDUCTION STUDIES OF THE UPPER

EXTREMITIES

In haemodialysis patients, DML, MCV, and
SCV were measured for the median nerve. The
DML was defined as the latency of any change

from baseline in the CMAP obtained by
placing a silver-silver (I) chloride plate elec-
trode on the abductor pollicis brevis muscle
and stimulating the median nerve at the wrist
joint 7 cm proximal to the recording electrode.
The median nerve SCV was measured by
antidromically stimulating the nerves of the
wrist joint and deducting the SNAP recorded
from the ring electrode placed on the index
finger. The stimulation was applied at a
frequency of 2 Hz and repeated 20 times.

STATISTICAL ANALYSIS

All values were reported as mean (SD), and a p
value less than 0.05 was considered statistically
significant. Student’s t test was used for testing
the significance of diVerences in the values
measured in the nerve conduction studies in
the normal subjects and haemodialysis pa-
tients. Measured values among the haemodi-
alysis groups, stratified by the duration of
haemodialysis, were compared using one way
layout analysis of variance, and if significant,
the diVerence in the mean values was tested for
significance using the ScheVe F test.

Results
NERVE CONDUCTION STUDIES OF THE LOWER

EXTREMITIES

The tibial nerve CMAP was obtained success-
fully in all the normal subjects. The sural nerve
SNAP was obtained successfully in 18 subjects
(90%): the SCV was 45.8 (3.8) m/s, and the
amplitude was 14.3 (3.6) µV. The medial
plantar nerve SNAP was obtained successfully
in 17 subjects (85%): the SCV was 46.5 (4.1)
m/s and the amplitude was 1.6 (0.8) µV. In the
haemodialysis patients, the tibial nerve CMAP
was obtained successfully in all the patients,
and the medial plantar nerve SNAP was
obtained successfully in 38 patients (54%).
The sural nerve SNAP was obtained success-
fully in 61 patients (87%). The tibial nerve
DML, the tibial nerve MCV, the tibial nerve
minimal F wave latency, and the medial plantar
nerve SCV in the patient groups were signifi-
cantly diVerent from corresponding values of
the normal subjects (p<0.05). These results are
summarised in table 2.

In comparing the three groups with diVerent
durations of haemodialysis, there were no
changes in the tibial nerve DML, the tibial
nerve MCV, the values measured by the tibial
nerve F wave conduction study, the sural nerve
SCV, and the medial plantar nerve SCV. These
results are summarised in table 3.

The follow up study of the same haemodialy-
sis patients revealed a significant prolongation
of the tibial nerve DML after five years (6.0
(1.0) ms) compared with the initial DML value
(5.1 (0.5) ms; p<0.05). All other parameters
were essentially unchanged. The tibial nerve
MCV was 40.9 (3.6) m/s at the initial
measurement and 39.9 (3.0) m/s after five
years. The F wave conduction velocity was 38.8
(3.4) m/s at the initial measurement and 39.1
(2.4) m/s after five years. The tibial nerve mini-
mal F wave latency was 40.8 (2.8) ms at the
initial measurement and 42.2 (2.4) ms after
five years. The medial plantar nerve SCV was

Table 2 Comparison of the values in nerve conduction studies between normal subjects
and haemodialysis patients

Normal subjects
Haemodialysis
patients p Value

Tibial
DML (ms) 4.9 (0.8) 5.3 (0.9) 0.03*
MCV (m/s) 48.1 (3.0) 41.6 (5.1) 0.001*
FCV (m/s) 41.6 (3.0) 39.2 (3.8) 0.22
F minimal latency (ms) 39.6 (3.0) 41.3 (3.9) 0.04*

Sural SCV (m/s) 45.8 (3.8) 44.7 (5.0) 0.37
Medial plantar SCV (m/s) 46.5 (4.1) 42.1 (5.1) 0.003*

DML: distal motor latency; FCV: F wave conduction velocity; MCV: motor nerve conduction
velocity; SCV: sensory nerve conduction velocity. * p<0.05.

Table 3 Comparison of the values in nerve conduction studies among the three groups
with diVerent durations of haemodialysis

Duration of haemodialysis (years)

Group 1 (<10) Group 2 (10–20) Group 3 (20+)

Median
DML (ms) 3.7 (0.3) 4.8 (2.4) 6.5 (2.7)*
MCV (m/s) 52.1 (3.8) 49.4 (5.5) 46.4 (6.4)*
SCV (m/s) 50.9 (5.0) 45.8 (11.3) 34.8 (8.9)*

Tibial
DML (ms) 5.2 (1.0) 5.5 (0.8) 5.5 (1.1)
MCV (m/s) 41.6 (4.0) 42.2 (6.4) 39.8 (3.7)
FCV (m/s) 39.8 (3.0) 39.1 (4.5) 38.4 (3.5)
F minimal latency (ms) 40.6 (2.6) 42.0 (4.7) 41.0 (3.5)

Medial plantar SCV (m/s) 42.6 (4.3) 41.0 (5.4) 42.6 (6.7)
Sural SCV (m/s) 44.9 (4.5) 44.1 (5.2) 45.5 (5.8)

DML: distal motor latency; FCV: F wave conduction velocity; MCV: motor nerve conduction
velocity; SCV: sensory nerve conduction velocity. * p<0.05.

452 Ogura, Makinodan, Kubo, et al

www.postgradmedj.com

 on M
ay 17, 2023 by guest. P

rotected by copyright.
http://pm

j.bm
j.com

/
P

ostgrad M
ed J: first published as 10.1136/pm

j.77.909.451 on 1 July 2001. D
ow

nloaded from
 

http://pmj.bmj.com/


39.0 (6.7) m/s at the initial measurement and
40.2 (4.4) m/s after five years (table 4).

NERVE CONDUCTION STUDIES IN THE LOWER AND

UPPER EXTREMITIES

A comparison of the values measured by the
nerve conduction studies in the lower and upper
extremities showed a significant prolongation of
the median nerve DML in group 3 compared
with that in group 1 (p<0.05). In the tibial nerve
DML, however, no significant prolongation was
observed when the duration of haemodialysis
was prolonged. The median nerve SCV was sig-
nificantly lower in group 3 than in group 1
(p<0.05). However, the medial plantar nerve
SCV was unchanged when the duration of
haemodialysis was prolonged. The median
nerve MCV was significantly lower in group 3
than in group 1 (p<0.05). However, the tibial
nerve MCV was unchanged when the duration
of haemodialysis was prolonged (table 3).

Discussion
Peripheral nerve neuropathy can be classified
roughly into two pathological types: (1) one
mainly due to axonal degeneration, and (2) one
mainly due to demyelination.13 Electrophysi-
ologically, nerve conduction studies of the four
extremities have demonstrated decreased am-
plitude of the evoked potentials in the former
type and decreased conduction velocity in the
latter type. The pathological state of uraemic
neuropathy is a multiple neuropathy due to
axonal degeneration of the sensory and motor
nerves starting from the lower extremities with
secondary development of demyelination.14 15

To evaluate the presence or absence of uraemic
neuropathy in patients undergoing haemodi-
alysis, we conducted nerve conduction studies
of the lower extremities in haemodialysis
patients and compared the results with those of
normal subjects. The sensory nerve conduc-
tion studies showed reduction of the medial
plantar nerve conduction velocity in the
haemodialysis patients compared with the nor-
mal subjects. Recording was impossible in 13%
of the haemodialysis patients for the sural nerve
and in 46% for the medial plantar nerve. How-
ever, recording was also impossible in 10% of
the normal subjects for the sural nerve and in
15% for the medial plantar nerve. The cause of
this failure of recording may have been the
eVect of age16 because small amplitude evoked
potentials of a sensory nerve are known to be
aVected by aging. On the other hand, the
CMAP and the F wave of the motor nerves

were obtained successfully in all the haemodi-
alysis patients. The tibial nerve MCV de-
creased compared with that of the normal sub-
jects. However, the tibial nerve DML, which
reflects disturbance of the distal peripheral
nerve, and the minimal F wave latency,17 which
is the most sensitive parameter in detecting
slightly delayed conduction observed in pe-
ripheral axonal neuropathy, were prolonged.
From the electrophysiological results, we pre-
dicted a high incidence of uraemic neuropathy
in patients undergoing haemodialysis.

The haemodialysis patients were divided
into three groups according to the duration of
haemodialysis, and the values measured in the
nerve conduction studies of the groups were
compared. With prolongation of the duration
of haemodialysis, the median nerve DML was
prolonged, and the MCV and the SCV
decreased in the upper extremities. On the
other hand, in the lower extremities, there were
no apparent changes in the tibial nerve MCV,
the sural nerve SCV, and the medial plantar
nerve SCV. In reviewing these results, the
known increased incidence of carpal tunnel
syndrome in haemodialysis patients with pro-
longation of haemodialysis duration may serve
as a good comparative example (31% to 57% at
more than 10 years, and 71% at more than 20
years). Because the median nerve evoked
potential was obtained from the abductor pol-
licis muscle and index finger by stimulating the
wrist joint, the median nerve DML and SCV
might have been aVected by median neu-
ropathy because of carpal tunnel syndrome.
The forearm motor nerve conduction velocity,
which represents the function of the nerves
proximal to the carpal tunnel, also decreased.
This decrease may be explained by (1)
development of retrograde degeneration of the
nerve fibres,18 and (2) selective injury of the
thick fibres19 by mechanical compression at the
entrapment point. Therefore, the eVect of
entrapment neuropathy on the median nerve
impedes evaluation of the severity of uraemic
neuropathy using the upper extremities. The
lower extremities allow precise evaluation of
the severity of uraemic neuropathy because
they rarely develop tarsal tunnel syndrome,20

which is an entrapment neuropathy. Our nerve
conduction studies of the lower extremities
demonstrated the absence of changes in the
tibial nerve DML, the tibial nerve MCV, the
values measured by the tibial nerve F wave
conduction study, the sural nerve SCV, and the
medial plantar nerve SCV in the patient groups
with diVerent haemodialysis durations. Only
the tibial nerve DML was prolonged after five
years. The medial plantar nerve SCV, which
reflects the most distal peripheral nerve
function, was not reduced, and there were no
significant changes in the other values
measured, including the minimal F wave
latency,21 which does not accompany reduction
in the tibial nerve MCV and is most reproduc-
ible among all the nerve conduction studies.
Reproducibility of the tibial nerve DML is
problematic; its value has shown the most vari-
ability among nerve conduction parameters.
Even in the nerve conduction studies, the

Table 4 Comparisons of the values in nerve conduction studies between two trials

Initial trial
Second trial
(5 years later) p Value

Tibial
DML (ms) 5.1(0.5) 6.1(1.0)* 0.001*
MCV (m/s) 40.9(3.6) 39.9(3.0) 0.12
FCV (m/s 38.8(3.4) 39.1(2.4) 0.59
F minimal latency (ms) 40.8(2.8) 42.2(2.4) 0.21

Medial plantar SCV (m/s) 39.0(6.7) 40.2(4.4) 0.61

DML: distal motor latency; FCV: F wave conduction velocity; MCV: motor nerve conduction
velocity; SCV: sensory nerve conduction velocity. * p<0.05.
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measurement values of tibial nerve DML vary
greatly, and their reproducibility has been con-
sidered troublesome. The minimal F wave
latency was the least variable with a fluctuation
rate of 5%, and the tibial nerve MCV showed a
fluctuation rate of approximately 10%. How-
ever, the tibial nerve DML varied greatly, with
a variation rate of 24%, and the low reproduc-
ibility has been attributed to insuYcient inten-
sity of stimulation of the tibial nerve at the
ankle due to some anatomical factors. Many
previous reports have described chronological
reductions in the nerve conduction velocities
during haemodialysis.4–6 22 In the present study,
the addition of an F wave conduction study,
which showed less fluctuation of the measured
values, enabled us to demonstrate that the
severity of uraemic neuropathy remains un-
changed during haemodialysis.
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