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Evaluation of 
somatosensory pathway 
by short latency evoked 
potentials in patients with 
end-stage renal disease 
maintained on 
hemodialysis 
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Nerve end ing conduction defect 

ABSTRACT 

Somatosensory evoked potentials and peripheral 
nerve conduction velocity were studied on 10 patients 
with end-stage renal failure maintained on hemodialysis 
treatment. None of the patients had symptomatic 
neuropathy and the only abnormal finding on neurologi
cal examination was absent ankle jerk in 7 of the 1 O pa
tients. Nerve conduction velocities and intercomponent 
conduction times of the somatosensory evoked potential 
were determined using electrical stimulation of nerve 
trunks and mechanical stimulation of the finger. Nerve 
ending conduction time was determined using a combi
nation of the two stimuli and found to be abnormal in 8 
patients. All 10 patients had slowed sensory conduction 
velocities at some segment of the tested peripheral 
nerve. lntercomponent time differences in the 
somatosensory evoked potentials could not be defined in 
the majority of our patients due to the absence of many 
of the components, making it impossible to distinguish 
whether the changes in somatosensory evoked potentials 
were due to impaired peripheral input, or to changes in 
the somatosensory pathway. 

INTRODUCTION 

Peripheral neuropathy is the most common 
neurological complication of chronic renal failure (1 ). It 
was described by Asbury, et al as a distal, symmetrical, 
mixed sensorimotor polyneuropathy (2). Motor and sen
sory nerve conduction velocit ies, distal latency, and re
sponse amplitude determinations have been used in the 
assessment of uremic neuropathy and adequacy of 
dialysis. 
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Controversy exists regarding t he validity of nerve 
conduction velocity measurements in evaluation of 
peripheral nerve function in patients with end-stage renal 
failure. While high incidence of reduced nerve conduction 
velocity has been shown in these patients before and af
ter institution of maintenance dialysis (3-12). these 
parameters have been shown to be within the normal 
range in a more recent investigation (13). 

Somatosensory potentials evoked by electrical stimu
lation of peripheral nerves have been increasingly used 
for indentification of neurologic disorders along the 
somatosensory pathway at peripheral nerves (14-21) as 
well as the central portions (22-36). More recently, proce
dures for recording of the mechanically-evoked potentials 
from different levels of the somatosensory pathway have 
been described (37) and compared with those evoked by 
electrical stimulation of the nerves (38). 

Utilizing somatosensory evoked potential studies it is 
possible to evaluate the function of various levels of sen
sory pathway. Furthermore, evaluation of the nerve en
ding may be po:;sible with a combination of mechanical
ly- and electrically-evoked potentials studies (38). 

In the .. present study, potentials evoked by electrical 
and mecfi':f&cal stimulation w ere studied in evaluation of 
peripheral and central somatosensory pathway in 1 O pa
tients treated with maintenance hemodialysis. Clinical 
evaluations and conventional motor nerve conduction 
velocity studies were performed as well. 

PATIENTS, MATERIALS AND METHODS 

Patients 

Ten patients with end-stage renal disease maintained 
on hemodialysis treatment were studied. i:-here were 6 
men and 4 women, 24 to 67 years of age. Duration on 
dialysis ranged between 1 to 74 months. Patients were 
dialyzed 4 hours a day and 3 days a week using single 
pass dialysate delivery system, hollow fiber dialyzers 
with 1.2·2.5 m 2 surface area, and a glucose-free, acetate
based dialysate. Internal vascular access consisting of 
Cimino arteriovenous fistulas, polyfluorotetraethylene 
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TABLE I - PERTINENT CLINICAL DATA, DIALVZERS USED, AND AVERAGE PREDIALYSIS CONCENTRATIONS OF BU N, CREATININE, K~ I 
CALCIUM, AND PHOSPHORUS (Pi) . i 
Patients Age/Sex Diagnosis Duration of BUN 

dialysis (months) mg/di 

1 28 M Chronic Glomerulonephritis 32 88 
2 24 M Chronic Glomerulonephritis t3 90 
3 71 M Chronic Glomerulonephritis 14 82 
4 67 F Nephrosclerosis 3 89 
5 65 F Chronic. Interstitial Nephritis 74 87 
6 55 M Nephrosclerosis 66 73 
7 59 F Chronic Interstitial Nephritis 32 85 
8 57 M Nephrosclerosis 49 78 
9 64 F Nephrosclerosis 8 115 

10 67 M N ephrosclerosis 1 73 
Mean 27.2 86 
Standard deviation :!:27.85 :1:11 .97 

Creatinine K• Ca•+ 
mg/di mEqll mg/di 

18.3 5.3 9.7 
14.7 5.5 9.2 
11 .9 4.7 8.7 
10.2 5.3 9.0 
9.6 5.5 8.8 

16.6 6.0 8.5 
9.7 4.6 9.6 

10.7 5.8 9.5 
5.9 5.3 7.8 
9.4 4.4 9.0 

1 l.7 5.24 8.98 
:!:3.76 :!:0.52 ±0.57 

Pi 
mg/di 

4.5 
1.5 
6.7 
5.4 
6.0 
7.6 
4 .9 
5.0 
6.4 
4.3 
5.23 

:t 1.67 

Dialyzer 

COAK 2.5 
CFO 1500 
CFO 1200 
COAK 1.3 
CFO 1500 
CFO 1500 
COAK 2.5 
CFO 1500 
CFO 1500 
CFO 1200 

t 

! 
! 
! 
l 
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TABLE II - NERVE ENDING CONDUCTION TIME {NECT) IN msec AND PERIPHERAL N ERVE CONDUCTION VELOCllY IN m/sec [ 
--- --- --------1 

SENSORY MOTOR _ ___ _ f 
N Digit . Wrist Wrist Wrist Wrist Elbow 
E to to to to to to 
c Wrist Dig it Axilla Axilla Axilla Wrist 
T (ED) (EW) (ED) (EW) (MD) (EW,EEl J 

Normals: mean 3.6 50.1 52.6 61 . 1 59.4 57.8 57.2 
~~~~~~~~~~~~~~~1 

limit 5.2 38.4 44.5 51.8 49.5 42.5 46.0 
Patients: 1 7.3 39.1 40.8 39.9 52.6 63.2 36.0 

2 ND 40.0 32.6 48.6 45.7 ND 31.9 
3 7.0 4 l . l ND 48.6 52.5 59.5 37.5 
4 4.3 39.6 41.7 47.2 45.6 . 38.2 55.7 
5 7.2 36.2 44.6 42.3 47.9 60.7 32.1 
6 ND 40.0 27.4 45.8 37.2 ND 41 .7 
7 3.8 32.7 44.2 50.0 43.8 55.9 39.1 
8 ND ND ND ND ND 44.2 46.7 
9 ND 40.0 ND 43.8 45.7 ND 26.7 

10 ND 26.4 ND 45.1 44.1 ND 49.0 
•Abnormal 8 4 9 10 8 5 7 
Mean 5.9 37.2 38.5 45.7 46.1 53.6 39.6 
SD ± 1.7 ± 4 .8 ± 6.9 :t3.3 :1: 4.6 ± 10.0 ± 8.8 

Abbreviations in table: NECT · nerve ending conduction time (see Methods); ED - electrical stimulation of digital nerves; EW - electrical stimulation atthe wrist; MD 
• mechanical stimulation of the fingernail; EE • electrical stimulation at the elbow; ND - not determined due to absence of whole nerve action potential; SD • 
standard deviation. 

conduits, and bovine carotid artery grafts provided ac
cess to blood stream in all patients. Dialysis was ac
complished using systemic and occasionally regional 
hep a rinization. 

Sodium, potassium, and fluid restrictions were pre
scribed as needed, but no dietary protein restriction was 
imposed. All patients received aluminum hydroxide, mul
tivitamins. folate, and pyridoxin. Intravenous iron dextran 
or oral iron sulfate and antihypertensive medications 
were given as needed. Hematologic and biochemical 
parameters were monitored monthly using standard 
laboratory techniques. The mean values for predialysis 
c~ncentrations of blood urea nitrogen, creatinine, potas
sium, calcium, and phosphorus, and average mean blood 
pressure obtained dOring up to a year prior to the study 
were calcu lated from the data contained in patients' 

,.., 

medica l records. Clinical and relevant laboratory data are 
summarized in Table I. lnforme'd consent was obtained 
prior to initiation of the study. Patients with diabetes mel· 
litus were not included in the study. A complete 
neurological examination was performed on all patients. 
Motor and sensory nerve conduction velocities and 
somatosensory-evoked potentials were measured by 
stimulation of the arm not bearing the vascular access, 
as well as on the unaffected limb in patients with history 
of sensory or motor symptoms associated with cere· 
brovascular lesions (CVA). 

Methods 

During the recording procedures each patient rested 

i 
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in a reclining couch with their hand supported on a 
warmed plastic mold. Digital skin temperature was moni
tored continuously and maintained between 33 and 36°C. 
The evoked potentials from each subject were collected 
in a single session in response to: 1. electrical stimula
tion of digital nerves; 2. electrical stimulation of the ulnar 
nerve at the wrist; and 3. mechanica l stimulation of the 
fingernail. All stimuli were delivered at a rate of 4/sec. 
The recording session lasted approximately 2 hours. 

A description of the stimulation and recording 
methods has been given elsewhere (38). In brief, the 
electrical stimuli were 0.2 msec square pulses of constant 
current, delivered to the digital nerves through ring elec
trodes, or to the ulnar nerve through silver cup elec
trodes placed at the wris~. The proximal electrode of each 
pair w as the cathode. The current was adjusted to a level 
just below that producing discomfort or a m uscle twitch, 
whichever was lower. The mechanical stimulus was pro
duced by activating a moving coil vib rator with a 50 
msec duration electric pulse. The sound produced by 
movement of the vi brator was masked by white noise. 
Digital nerve potentia ls were recorded from ring elec
trodes on the digit. 

The other recording electrodes were 9 mm diameter 
silver cups attached to the skin by collodion glue, with 
resistance less than 3 kOhms. Recordings were obtained 
from appropriately placed surface electrodes over the 
peripheral nerve at the wrist, near the axilla, and over the 
brachia! plexus. Motor potentials were evoked by electri 
cal stimulat ion at the wrist and at the elbow (cathode dis
tal), and recorded by surface silver cup electrodes over 
the hypothenar muscle. 

Spinal cord activ ity was recorded from an electrod e 
placed over the second cervical vertebra referenced to 
the middle of the forehead. Cortical activity was recorded 
from a scalp electrode over the hand area of the 
somatosensory cortex referenced to the middle of the 
forehead. When the scalp electrode over the hand area 
was referenced to the contralateral brachia! plexus 
(which was ipsilateral to the hand stimulated), compo
nents reflecting activity from peripheral nerve, spinal 
cord, subcortical som atosensory pathway and cortex 
could be detected simultaneously . 

The potentials were amplified 200,000 times with a 
ba nd pass of 30-3,000 Hz. The potentials evoked in re
SPQnse to 1,000 stimu li w ere averaged by a multi-channel 
averager over a 51 msec period with 256 addresses per 
channel. A duplicate of each average was made to assess 
reproducibility. The averaged potentials were stored on 
magnetic tape for further analysis. To determine the sen
sory nerve conduction velocities along the peripheral 
nerve the distance between the recording electrodes was 
divided by the latency difference between the negative 
Peak of the potentia ls recorded by the two electrodes. 

The propagated action potential was assumed to be un
der the cathode of a stimulating electrode pair at the in
stant of stimulation. 

In order to evaluate the most distal portion of the 
nerve for each subject, the latency of the potentials 
evoked at the wrist by electrical stimulation of the digital 
ne rves was subtracted from the latency of the mechani
cally-evoked potentials, also recorded at the wrist. This 
latency difference was called Nerve Ending Conduction 
Time (NECT) expressed in msec. The delay from act iva
tion of the vibrator to the stimulus coupling to the finger 
were assumed uniform across subjects because the la
tency of the finger displacement, which was mon itored 
dur ing the procedures, w as the same for patients and 
normals. Conduction t imes were derived from the latency 
differences between the components recorded over: a) 
brachia! plexus and cervical spinal cord; bl brachia! 
plexus and cortical hand area; and c) cervical spinal cord 
and cortical hand area. Motor nerve conduction velocity 
was determined by dividing the distance between the 
cathode placements at the wrist and at the elbow, by the 
latency difference between the thenar muscle potentials 
evoked by stimulating at these two sites. Nerve conduc
tion velocities or conduction times that deviated from 
control values of an age matched normal population by 
three or more standard deviations were considered ab
normal. 

TABLE Ill - SOMATOSENSORY EVOKED POTENTIALS: INTER-
COMPONENT CONDUCTIONS TIMES (msec) 

Plexus Plexus Cord Cord Cord 
to to to to to 
Cord Cortex Cortex Cortex Cortex 
(EW) (EW) (EW ) (EO) (M D) 

Normals: mean 3.2 12.0 9.0 9.8 10.2 
limit 4.7 14.4 11 .7 14.3 15.9 

Patients: 1 5.4 14.0 8.6 8.9 ND 
2 ND ND NO 10.4 ND 
3 NO ND ND 6.8 5.3 
4 4.0 14.0 10.0 10.0 8.1 
5 3.0 13.8 10.8 9.4 NO 
6 ND ND 11.2 9.4 NO 
7 ND 14.6 NO 10.4 NO 
8 ND NO 13.4 16.6 20.7 
9 6.2 15.8 9.6 11 .8 NO 

10 ND ND 10.6 NO NO 
•Abnormal 8 7 4 2 8 
Mean 4.6 14.4 10.6 10.4 11.4 
so ±1.4 ± 0.3 ± 1.5 ±2.6 :t8.2 

Abbreviations in table: ED • electrical stimulation of distal nerves; EW -
electrical stimulation at the wrist; MD · mechanical stimulation of fingernail; 
ND - not determined due to lack of components; SD - standard deviation. 

Clinical findings 

Motor strength was assessed in the proximal and dis-

19 
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tal musculature (biceps/triceps, extensors of the wrists, 
quadriceps and extensors of the foot); tendon reflexes 
recorded included biceps, triceps, knee, and ankle. In 
each of the above modalities assessment was made as to 
the strength of the individual responses and to their right 
(R) and left (L.1 symmetry. The sensory examination in
cluded assessment for disordered sensations (pares
thesias, dysesthesias, numbness) and for the apprecia
tion of light touch, vibration, position, pin prick, and 
warm-cold stimuli. 

The muscle strength was normal in all patients. Ankle 
jerks were absent in 7 patients; whereas the other deep 
tendon reflexes were symmetrically intact in all patients. 
All patients had grossly normal sensory examinations 
and denied subjective sensory abnormalities. 

El ectrophysiolog ical find in gs 

The peripheral nerve conduction studies were quite 
abnormal. All patients had abnormal proximal sensory 
conduction velocity (wrist to axilla) when the digital 
nerves were stimulated electrically. All but one had ab
normal distal antidromic sensory conduction velocity 
(wrist to digit) when the nerve trunk was stimulated elec
trically at the wrist. In addition to these abnormalities we 
found a high incidence of abnormal wrist to axilla sen
sory conduction in response to electrical stimulation of 
the nerve trunk at the wrist (n = 8), slowed motor nerve 
conduction velocity between elbow and wrist (n = 7), 
and prolonged nerve ending conduction time (n = 8). 
Five patients had an abnormally slowed sensory nerve 
conduction velocity between wrist and axilla in response 
to mechanical stimulation of the fingernail. The orthod
romic sensory conduction velocity between the digit and 
the wrist in response to electrical stimulation of the digi
tal nerves was the least sensitive measure being abnor
mal in only four of the ten patients. In many instances 
the whole nerve action potentials could not be reliably 
identified. These instances are designated as not de
tected (ND) in the tables summarizing the elec
tr.ophysiological data. We have assumed that the 
neuropathy in these patients was sufficiently advanced to 
prevent detection of the neural responses even using 
averaging techniques. 

Somatosensory intercomponent conduction times 
were abnormal to electrical stimulation at the wrist in 
eight patients between brachia! plexus and the spinal 
cord (2 of the patients having only brachia! plexus poten
tials and no cord components), and in on ly 4 patients 
between spinal cord and cortex. Furthermore, spinal cord 
to cortex conduction t imes were normal in eight of the 
ten patients using electrical stimulation of digita l nerves. 
This is to be contrasted with the f inding of abnormal spi-

nal cord to cortex conduction times in eight patients u) 
ing mechanical stimulation of the finger. This discrepan1 
cy is entirely due to the greater failure to detect compo-l 
nents in the somatosensory potentials to mechanica( 
stimulation than to digital nerve stimulation in these pa: 
tients. ~ 

Sensory and motor nerve conduction velocities did; 
not correlate significant ly (at the 0.05 confidence levell! 
with duration of dialysis, mean blood pressure, average; 
predialysis concentrations of blood urea nitrogenJ 
creatinine, inorganic phosphorus, calcium or potassium. t 

~ 

DISCUSSION I 
Although none of our dialysis patients had symptomsJ 

of a neuropathy practically all of them exhibited evidence! 
of sensory and/or motor nerve dysfunction on elec·;. 
trophysiological evaluation. The observed disparity be-~ 
tween clinical and electrophysiological findings is in con·i 
firmation of earlier observations {39). The high incidenceij 
of reduced sensory and motor nerve conduction velocity' 
in this study and those of others (3-12) contrasts with thel 
observations recently reported by Teschan, et al who 
failed to demonstrate such abnormalities among their! 
dialysis patients (13). The cause of this disparity is not! 
clear. However, differences in the onset of dialysis treat· , 
ment, residual renal function, measurement techniques.' 
equipment, etc., may be responsible. 

The use of a combination of electrically-evoked and 
mechanically-evoked sensory nerve potentials permitted 
determination of nerve ending conduction time (NECT) 
which to our knowledge has not been previously 
evaluated in patients with uremia. NECT was found to be 
prolonged in 80% of the tested patients. Previously we 
have found no prolongation of NECT in a group of 10 

patients with neuropathies predominatly associated with 
myelin alteration (e.g. diabetic neuropathy) (40). There· 
fore, the observed prolongation of NECT in dialysis pa
tients with uremia is probably due to altered axonal and 
nerve terminal function. 

The relatively low incidence of abnormal values of 
orthodromic sensory conduction velocity between digit 
and wrist using electrical stimulation of the digit and 
between wrist and axilla using mechanical stimulation, is 
probably due to the wide variability of the corresponding 
~alues in our normal popu lation. 

The high incidence of abnormal intercomponent con· 
duction times in the somatosensory evoked potentials is 
striking. This was usually due to the loss of some of the 
components or distorted waveforms in the evoked poten
tials. The abnormal segments with electrical stimulation 
of the nerve trunk at the wrist began at the brachial 
plexus, and the prolonged t imes can thus be explained 
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by peripheral neuropathy. The abnormal values for the 
cord to cortex segment with mechanical stimulation were 
mostly due to non-detectable components, which can be 
explained by the altered sensory input. Involvement of 
the central portion of somatosensory pathway cannot be 
excluded, however, and previously recognized alterations 
of behavioral indices, visual evoked potentials, and EEG 
changes (13) may be manifestations of such central dys
function in renal failure. 

Motor nerve conduction velocity was abnormally slow 
in 7 of our 10 tested patients. However, other nerve con
duction studies have reported an abnormality in all 
tested patients using needle electrodes (9, 39). The use of 
computer averaged nerve conduction and sensory
evoked potentials in this report allowed the definition of 
an abnormality in ~very patient without discomfort as
sociated with needle insertion. 

In conclusion, the non-invasive method of surface-re
corded somatosensory evoked potentials has been 
shown to be a sensitive method of evaluation of the ef
fects of uremia on peripheral and central portions of the 
somatosensory pathway. The abnormal function of the 

·nerve terminals, shown in this study, is compatible with 
an axonal involvement. Although most of the observed 
central function abnormalities may be explained by de
creased sensory input associated with peripheral 
neuropathy, central involvement cannot be excluded. 
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