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Cutaneous silent period in the assessment of small nerve fibers 
in patients on hemodialysis
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ABSTRACT

Aim  In hemodialysis patients renal disease may cause an impa-
irment of central and peripheral nervous system. In most cases of 
the peripheral nervous system polyneuropathy is reported. The 
aim of this study was to evaluate the function of small A-delta 
nerve fibres, whose function is often overlooked.

Methods The function of large diameter nerve fibers was perfor-
med by standard routine neurophysiological examination. Cutane-
ous silent period (CSP) was elicited by single electrical stimulati-
ons at the tip of digit II by the bipolar electrodes. The superficial 
electrodes were placed on the muscle belly of m. abductor pollicis 
brevis. The onset latency (L1) was recorded at the beginning of 
voluntary muscle activity suppression, the late latency (L2) at the 
start of new muscle activity. The difference between two latencies 
indicates the duration of CSP.

Results The study included 38 consecutive patients (male/fema-
le – 21/17, median age 56.6±10.9 years) treated with hemodial-
ysis (one month to 30 years) and 35 healthy subjects (male/female 
23/17, age 47.4±10.1 years). The results of the conduction study 
demonstrated a significant prolongation of F-waves of the median 
and ulnar nerves, decreased motor and sensory velocities of both 
nervesin patients on hemodialysis (p<0.001). In patients with A-V 
fistulas a significant prolongation of the onset CSP latency L1 was 
obtained (p<0.001), whereas duration of CSP was not changed.

Conclusion In hemodialysis patients the significant impairment 
of small nerve fibers was recorded. The evaluation of small nerve 
fibers contributes to the assessment of the whole peripheral nerve 
function.
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INTRODUCTION

Renal diseases cause diverse central nervous sy-
stem disturbances - uremic encephalopathy, seizu-
res, stroke, movement disorders, sleep alterations 
and peripheral nervous system involvement (1). 
Polyneuropathy is a frequent neurological com-
plication in patientswith renal failure. It occurs as 
uremic polyneuropathy (UP), mononeuropathies 
and monomelic neuropathy due to arteriovenous 
(A-V) fistulas. Prevalence rates of UP range from 
50–80% (1-3). Clinically sensory symptoms of-
ten predominate while motor dysfunction usually 
developslater (4,5). Sensory loss mainly involves 
large-diameter nerve fibers resulting in paresthesia 
and occasionally pain and burning feet. Autonomic 
symptoms are usually subclinical. Few patients 
develop subacute or chronic motor – predominant 
neuropathy simulating polyradiculoneuritis Guilla-
in-Barré or chronic inflammatory demyelinating 
polyneuropathy. In these cases more frequent dial-
ysis or renal transplantation are required (6,7). He-
modialysis and peritoneal dialysis tend to diminish 
the progression of UP. The pathophysiological me-
chanism of UP is still unknown. The role of chronic 
hyperkalemic depolarisation is discussed. The ma-
intenance of a strictly normal serum K+ level may 
be an effective strategy in the treatment of UP (8).
Neurophysiological nerve conduction study pro-
vides the function of large-diameter motor and 
sensory nerve fibers (9). To assess the function 
of small nerve fibers the routine electromyograp-
hy is insufficient. Cutaneous silent period (CSP) 
obtained by nociceptive cutaneous stimulus 
applied to sensory fibers on a fingertip induces 
a transient and brief suppression of voluntary 
muscle activity. The CSP is a result of the activa-
tion of small A-delta nerve fibers and is conside-
red as a spinal inhibitory reflex (10,11). The CSP 
measurement is used in the functional evaluation 
of different neurological diseases (12-14).
The primary endpoint of our study was to assess 
the function of small-diameter A-delta nervesfi-
bers in uremic patients with A-V fistulas by using 
CSP. The secondary endpoint was to compare 
the sensitivity of large-diameter motor and sen-
sory parameters of the median and ulnar nerves 
with CSP with the intention toevaluatenerve 
impairments in hands with A-V fistulas. To our 
knowledge a study of CSP on hands with A-V fi-
stulas had not been performed previously.

PATIENTS AND METHODS

This study included 38 consecutive patients 
treated with hemodialysis at the Hemodialysis 
Department, Clinical Cente rof Sarajevo Univer-
sity, Bosnia and Herzegovina (B&H) in the pe-
riod 05.01.2012-30.12.2013. Neurophysiological 
evaluation was performed at Neurology Depar-
tment of Sarajevo. The patients with diabetes, 
alcoholism, systemic inflammatory, malignant 
diseases and psychiatric disorders were exclu-
ded. The control group consisted of 35 healthy 
subjects (our co-workers, friends and relatives). 
Before starting the study the informed consent 
from testing patients and healthy subjects was 
obtained. The study has received an approval of 
the Ethics Committee of the Sarajevo University 
Clinical Centree.
The neurophysiological examination included 
the routine nerve conduction study (NCS) and 
CSP. Using  the superficial electrodes (Care Fu-
sion, Middletonn, WI, USA) the motor parame-
ters of the peripheral nerves were recorded: distal 
motor latencies (DML) of the median and ulnar 
nerves, motor responses (M–waves), F–waves 
and motor conduction velocities (MCV). The ac-
tive electrode was placed on the muscle abductor 
pollicis brevis and the reference electrode over 
the muscle tendon. Stimulation was applied at 
the wrist 8 cm from the active electrode. Sensory 
conduction study of the median and ulnar nerves 
included sensory conduction velocities (SCV) 
and amplitudes of sensory nerve action potentials 
(SNAP). The SNAP were obtained by antidromic 
nerve stimulation over the skin of the lateral (me-
dian nerve) and medial part (ulnar nerve) of the 
ring finger using standard bipolar electrodes. The 
distance between the stimulating and the recor-
ding electrode was 14 cm. Standard electrophysi-
ological machine settings were used (15).
The CSP was elicited by single electrical stimu-
lations (0.5 ms duration and 80-100 mA intensity, 
sweeps 250 ms, filters 30 and 10 kH) at the tip of 
digit II by the bipolar electrodes. The superficial 
electrodes were placed on the muscle belly of m. 
abductor pollicis brevis. During near-maximum, 
an activated APB muscle electrical stimulus was 
delivered. At least 4 individual responses were su-
perimposed. The onset latency (L1) was recorded at 
the beginning of voluntary muscle activity suppre-
ssion and the second - late latency (L2) at the start 
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of new muscle activity. The difference between 
two latencies indicates the duration of CSP.
Routine nerve conduction study and CSP were 
undertaken using a Medelec Synergy system 
(Oxford Instruments, High Wycombe, UK).
Parameters are expressed as mean values with 
standard deviation. Shapiro-Wilk tests of nor-
mality was used. Additionally, indenpendent 
Student’s t-test, Spermann’s correlation coeffici-
ent and Mann-Whitney U test were performed. 
The level of significance was set at p=0.05.

RESULTS

The study enrolled 39 patients on hemodialysis.
In only one patient CSP was not elicitable. This 
patient was excluded and in the further study pa-
rameters of 38 patients were evaluated. Out of 38 
patients 21 were males and 17 were females. The 
duration of hemodialysis differs from 1 month to 
30 years. The control group included 35 volun-
teers, 23 males and 12 females. Median age for 
patients was 56.6 ± 10.9 years and for controls 
47.4 ± 10.1 years (Table 1).

In patients on hemodialysis and A-V fistulas a 
significant prolongation of the onset CSP laten-
cy L1 was obtained (p< 0.001). There was no 
important difference in the CSP duration of su-
ppression of voluntary muscle activity (Table 4). 

Patients Controls
Number of patients 38 35
Age (median) (years) 56.6 ± 10.9 47.4 ± 10.1
Gender (Males/Females) 21/17 23/12
Duration of hemodialysis
(median) (years) 7.9 ± 8.0 (0.1–30.0) –

Table 1. Demographic data of hemodialysis patients and 
controls

Median nerve 
(mean ± SD) (ms) 

Ulnar nerve 
(mean ± SD) (ms)

DML F-wave MCV DML F-wave MCV
Patients 3.9 ± 0.6 30.8 ± 4.3 51.4 ± 7.6 3.3 ± 0.5 29.8 ± 3.1 56.4 ± 7.2
Controls 3.9 ± 0.2 27.5 ± 3.9 58.2 ± 5.3 3.2 ± 0.3 27.6 ± 1.7 60.0 ± 4.8
p 0.739 0.001 <0.0005 0.852 <0.0005 0.015

Table 2. Motor conduction of median and ulnar nerve in 
hemodialysis patients and controls

DML, distal motor latencies; MCV, motor conduction velocity;

Median nerve (mean ± SD) Ulnar nerve (mean ± SD)
Amplitude (mV) SCV (ms) Amplitude (mV) SCV (ms)

Patients 11.9 ± 8.0 41.5 ± 6.7 12.8 ± 7.2 43.9 ± 6.2
Controls 17.3 ± 7.0 50.2 ± 3.6 16.9 ± 9.0 52.7 ± 3.5
p 0.004 <0.0005 0.031 <0.0005

Table 3. Sensory conduction of median and ulnar nerve in 
hemodialysis patients and controls

SCV, sensory conduction velocities

CSP L1 
(mean ± SD) (ms)

CSP duration 
(mean ± SD) (ms)

Patients 79.9 ± 29.1 58.9 ± 20.3
Controls 57.6 ± 18.7 62.3 ± 21.4
p <0.0005 0.491

Table 4. Cutaneous silent period of nervus medianus in hemo-
dialysis patients and controls

CSP, cutaneous silent period; CSP L1, the onset latency;

Figure 1. Cutaneous silent period. A) Patient on hemodialysis; B) 
Controls L1, onset latency; L2, late latency

The results of motor conduction study demon-
strated a significant prolongation of F-waves for 
the median and ulnar nerves as well as a decrea-
sed MCV in patients on hemodialysis (p<0.001) 
(Table 2). There was no statistical difference in 
DML of both groups.

A significant amplitude decrease and a slowed 
SCV of the median and the ulnar sensory SNAP-
compared to healthy subjects were recorded 
(p<0.001) (Table 3).

There was no correlation between either motor or 
sensory nerve parameters and the onset CSP L1 
latencies in the patients group.
The evident prolongation of the onset CSP L1 
latency inpatients with A-V fistulas was found 
(Figure 1).

DISCUSSION

Neurological complications in patients with renal 
disease are quite common (1-4). The progressive 
renal failure may lead to the development of neu-
rological disorders. In a few cases ischemic mono-
melic neuropathy was reported (16). In our patients 
no acute neuropathies were observed due to A-V 
fistulas. To rule out the impairment of peripheral 
nervous system the neurophysiological evaluation 
plays a very important role. Most of electrophysi-
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ological studies are focused on the evaluation of 
nerves of the lower limbs (4,5,17). The damage is 
more prominent on the peripheral nerves of lower 
limbs than on the upper limbs due to the length-
dependent factor of the nerves (1,8,11). The eva-
luation of large-diameter nerve fibers in different 
neuropathies is well established in routine praxis 
(8,9,11). The role of thin unmyelinated nerve fi-
rers in most studies is underestimated (3,4,16). 
The CSP is a simple method and provides a new 
feasibility in detecting the function of small nerve 
fibers. Small nerve fibers are very susceptible and 
often precede the damage of large fibers in patients 
with metabolic polyneuropathy (17). In this study 
we intended to assess the impairment of small ner-
ve fibers on the hands with A-V fistulas and their 
relationship to conventional electromyography. In 
the previous study the it was described the onset 
latency L1 of CSP of 66 ms (range 49-73) in fema-
les, 69 ms (range 42-79) in males, late latency L2 
of 121 ms (range 109-131) in females and 124 ms 
(range 116-136) in males, where as the duration of 
suppression was 55,0 ms (range 45-74) in females 
and 59,0 ms (range 52-67) in males (18). There 
is a small number of electrophysiological methods 
which enable the quantitative assessment of these 
types of nerve fibers (quantitative sensory testing)
(19), or analysis of heart rate variability and sud-
motor axon reflexes (20). For this purposes a nerve 
biopsy is rarely performed.
In our study we recruited 38 patients on hemo-
dialysis and 35 healthy subjects. In only one pa-
tient CSP was not obtained. In this case DML of 
the median nerve was very prolonged and sensory 
parameters were not elicitable. Similar results in a 
small group of patients with carpal tunnel syndro-
me were described previously (21). In our patients 
motor conduction study showed normal DMLs but 
prolonged F-wave latencies and decreased MCV; 
sensory conduction revealed significant abnorma-
lities of sensory parameters, amplitude and SCV.
Additionally, in the patients with A-F fistulas signi-
ficantly prolonged onset CSP latencies L1 were re-
corded. This finding definitely indicates the impa-
irment of small nerve fibers of the median nerves. 
The delay of the onset CSP latencies L1 cannot be 
related to the beginning carpal tunnel syndrome 
because concomitant abnormalities of ulnar sen-
sory parameters were observed. This supports the 
impairment of small nerve fibers rather than ari-

sing focal entrapment neuropathy (11,22). An im-
portant step in the development of the prolongation 
of the onset CSP latency L1 may be the ischemic 
factor due to A-V fistula (22,23). Some authors 
suggest the occurrence of severe carpal tunnel 
syndrome with accompanying polyneuropathy in 
hemodialysis patients (24). In only one of our pa-
tients (duration of hemodialysis 19 years) a severe 
entrapment syndrome with absent motor and sen-
sory parameters including CSP was observed. The-
re is a great likelihood that the small unmyelinated 
nerve fibers are more sensitive to ischemia than 
the large myelinates fibers. Most of our patients 
were complaining of paresthesia and pain. These 
symptoms correlate with the involvement of small 
nerve fibers (23). The duration of voluntary musc-
le activity suppression (CSP) was not changed in 
the patient group. We assume that the reason for 
a prolonged onset CSP latency L1 was most pro-
bably due to decreased number of small nerve fi-
bers. The reduced number of the small nerve fibers 
reduced the impulse volley on interneurons in the 
spinal cord. The deficient afferent impulse volley 
through the pathway to spinal interneurons has the 
consequence of a delayed onset CSP L1 latency. 
Simultaneously, the decreased number of large-
diameter A-alpha and A-beta fibers diminish the 
activity of the interneurons (9,11,17). Our finding 
demonstrated an early dysfunction of small nerves 
fibers in patients with A-V fistulas.It seems that 
vascular ischemic component due to A-V fistulas 
contributes to the involvement of the thin nerve fi-
bers resulting in abnormalities of CSP (5,8).
In hemodialysis patients the routine electromyo-
graphy and CSP were recorded. Wite both neu-
rophysiological techniques large and small-di-
ameter nerve fibers were evaluated. Motor and 
sensory conduction revealed significant changes 
of motor and sensory parameters of the median 
and ulnar nerves, except DML. The significantly 
prolonged CSP latency L1 indicates the impair-
ment of small nerve fibers. It seems that the me-
asurement of small nerve fibers in hemodialisis 
patient is recommended.

FUNDING

No specific funding was received for this study.

TRANSPARENCY DECLARATON

Competing interest: none to declare.

Tirić-Čampara et al. Silent period in patients on hemodialysis



Medicinski Glasnik, Volume 11, Number 2, July 2014

274

REFERENCES 

1. Baumgaertel MW, Kraemer M, Berlit P. Neurolo-
gic complications of acute and chronic renal disese. 
Handb Clin Neurol 2014; 119:383-93.

2. Said G. Uremic neuropathy. Handb Clin Neurol 
2013; 115:607-12.

3. Lacerda G, Krummel T, Hirsch E. Neurologic pre-
sentations of renal diseases. Neurol Clin 2010; 
28:45-59.

4.  Al-Hayk K. Neuromuscular complications in uremi-
cs: A review. Neurologist 2007; 13:188-96.

5. Aggarwal HK, Sood S, Jain D, Kaverappa V, Yadav 
S. Evaluation of spectrum of peripheral neuropathy 
in predialysis patients with chronic kidney disease.  
Ren Fail 2013; 35:1323-9.

6. Ropper AH. Accelerated  neuropathy in renal failure. 
Arch Neurol 1993; 50:536-9.

7. Said G, Boudier L, Selva J, Zingraff J, Drueke T. 
Different patterns of uremic polyneuropathy: clini-
co-pathologic study. Neurology 1983; 33:567-74.

8. Krishnan AV, Kierman MC. Uremic neuropathy: cli-
nical features and new pathophysiological insight. 
Muscle Nerve 2007; 35:273-90.

9. Serrao M, Parisi L, Pierelli F, Rossi P. Cutaneous af-
ferents mediating the cutaneous silent period in the 
upper limbs: evidences for a role of low-threshold 
sensory fibres. Clinical Neurophysiology 2001; 112: 
2007-14.

10. Inghilleri M, Cruccu G, Argenta M, Polidori L, 
Manfredi M. Silent period in upper limb muscles 
after noxius cutaneous stimulation in man. Electro-
enecephalography and Clin Neurophysiology 1997; 
105:109-15.

11. Leis AA, Kofler M, Ross M. The silent period in 
pure sensory neuronopathy. Muscle Nerve 1992; 
15:1345-8.

12. Berardelli A, Rothwell JC, Day BL, Marsden CD. 
Pathophysiology of blephasospasm and oromandi-
bular dystonia. Brain 1985; 108:593-608.

13. Fuhr P, Zeffiro T, Hallet M. Cutanous reflexes in 
Parkinson’s disease. Muscle Nerve 1992; 15:733-9.

14. Pullman SL, Ford B, Elibol B, Uncini A, Su PC, 
Fahn S. Cutaneous electromyographic silent peri-
od findings in brachial dystonia. Neurology 1996; 
46:503-8.

15. Lee HJ, DeLisa JA. Manual of nerve conducti-
on study and surface anatomy for needle elec-
tromyography, 4 th ed. Philadelphia: Lippincott 
Wiliams&Wilkins, 2005:25-55.

16. Rogers NM, Lawton PD. Ischaemic monomelic ne-
uropathy in a non-diabetic patient following creation 
of an upper limb arteriovenous fistula. Nephrol Dial 
Transpant 2007; 22:933-5.

17. Stevens MJ, Edmonds ME, Foster AV, Watkins PJ. 
Selective neuropathy and preserved vascular res-
ponses in diabetic Charcot foot. Diabetologia 1992; 
35:148-54.

18. Tiric-Campara M, Denislic M, Djelilovic-Vranic J,  
Alajbegovic A, Tupkovic E, Gojak R, et al. Cuta-
neous silent period in the evaluation of small nerve 
fibres. Med Arh 2014; 68:6-9.

19. Denišlič M, Meh D. Die quantitative Bestimmung 
der Function der dünnen Nervenfasern. Nervenarzt 
1997; 68:509-14.

20. Low PA, Caskey PE, Tuck RR, Fealey RD, Dyck PJ. 
Quantitative sudomotor axon reflex test in normal 
and neuropathic subjects. Ann Neurol 1983; 3:573-
80.

21. Aurora SK, Ahmad BK, Aurora TK. Silent period 
abnormalities in carpal tunnel syndrome. Muscle 
Nerve 1998; 21:1213-5.

22. Leis AA, Kofler M, Ross MA. The silent period 
in pure sensory neuropathy. Muscle Nerve 1992; 
15:1345-8.

23. Koo YS, Park HR, Joo BE, Choi JY, Jung KY, Park 
KW, Cho SC, Kim BJ. Utility of the cutaneous silent 
period in the evaluation of carpal tunnel syndrome. 
Clin Neurophysiol 2010; 121:1584-8.

24. Gousheh J, Iranpour A. Association between carpal 
tunnel syndrome and arteriovenous fistula in hemodi-
alysis patients. Plast Reconstr Surg 2005; 116:508-13.


