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Abstract

Introduction: Evaluating small nerve fibers in patients with systemic lupus erythematosus (SLE) using cutaneous
silent period (CSP) and skin biopsy and assesssing the relationship between clinical signs, autoantibodies and
neuropathic pain score.

Objective – methods: Fifty one SLE patients and 46 healthy volunteers were included in this study. Nerve conduction
studies and CSP were performed both on upper and lower limbs in subjects. Skin biopsy was performed and the
number of epidermal nerve density and IL-6 staining were evaluated.

Results: In SLE patients, CSP latencies were significantly prolonged both in lower and upper limbs and lower and
upper extremity CSP durations were significantly shorter when compared to controls (p < 0.001). The number of
epidermal nerve was significantly lower in SLE patients when compared to healthy controls (p < 0.001).

Conclusion: We detected marked small nerve fiber damage in both lower and upper limbs in SLE patients using CSP.
Decreased epidermal nerve density also supports this finding.

Keywords: Systemic lupus erythematosus, Cutaneous silent period, Small fiber neuropathy, Epidermal nerve density,
Electromyography

Introduction
Systemic lupus erythematosus (SLE) is chronic inflamma-
tory autoimmune disease affecting many organs, charac-
terized by autoantibody and immune complex production
against nuclear antibodies [1]. There have been many
studies evaluating clinical findings and possible mecha-
nisms about central nervous system (CNS) involvement in
SLE patients. Peripheral nervous system (PNS) involve-
ment, having an important potential effect on quality of
life of the patients, has not drawn attention as much [2].
Frequency of peripheral neuropathy in SLE patients

has been reported as 10–20% varying in different studies

[2, 3]. Some SLE patients suffer neuropathic symptoms
suchs as pain, numbness and burning feeling more when
compared to healthy volunteers, but they do not have
any neurologic involvement signs corresponding to these
symptoms. Thus, some authors consider this situation as
a secondary involvement of small fiber neuropathy
(SFN) [4]. In addition, it is known that some sensorial
and sensorimotor polyneuropathies starts with the in-
volvement of small fiber and then the large fibers are
affected [5].
Small fiber neuropathy is a peripheral nerve disorder

affecting specifically small myelinated A delta fibers and
unmyelinated C fibers [6]. It is one of the common
causes of neuropathic pain syndrome, however it can
not be shown in conventional nerve conduction studies
(NCS) and this makes it difficult to diagnose [7]. Until
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now, there is not a gold standard method for diagnosing
SFN. Diagnosis is made with the use of temperature per-
ception, sudomotor and cardiovagal tests accompanied
by clinical findings and evaluating the epidermal nerve
fiber density with a biopsy [8]. Biopsy is not a clinically
practical approach as it is an invasive method and can
not be performed and evaluated in every center.
It was reported that cutaneous silent period (CSP) can

be used as an objective method for evaluating small
nerve fibers [9]. CSP is not certain as a measurement for
SFN, however, many studies performed on patients with
SFN such as diabetes mellitus, restless leg syndrome,
HIV neuropathy, hereditary sensory autonomic neuropa-
thies, and showed abnormal findings in CSP measure-
ments [10–12]. The physiologic mechanisms causing the
CSP remain uncertain. However, many researchers agree
that it is a spinal inhibitory reflex [13, 14]. The suggested
mechanism of CSP is stimuli reaching medulla spinalis
by A delta fibers via dorsal root and a postsynaptic in-
hibition by spinal interneurons and motor neurons. This
inhibition is controlled with supraspinal efferent path-
ways from motor cortex [15].
For a long time, it is known that there are symptoms

that lead us to consider SFN in SLE patients and also it
is has been demonstrated histopathologically [16, 17].
Also, it was detected in a recent study that SFN may be
an unrecognized cause of morbidity and SLE patients
[18]. We have not come across any study evaluating SFN
in SLE patients using CSP in literature.
In this study, our aim was to investigate if there is

small nerve fibers involvement in patients with SLE by
using CSP. In addition, the effect of clinical signs such
as involvement of organs, presence of specific autoanti-
bodies, and neuropathic pain score on CSP will be evalu-
ated. Also, skin biopsy was performed in a group of SLE
patients and the relationship between CSP and epider-
mal nerve fiber density was investigated.

Patients and methods
Study population
Patients diagnosed with SLE and a control group of
healthy individuals were assigned to this study. For this
purpose, 51 patients treated for SLE in Trakya University
Faculty of Medicine Rheumatology Clinic and 46 healthy
volunteers who are at the same age and same sex of
these patients were included in the study.
The modified 1997 American College of Rheumatol-

ogy criteria was used for the classification of SLE [19,
20]. Patients who fulfilled at least 4 criteria were diag-
nosed with SLE. The medical charts of the patients were
thoroughly investigated for diagnostic criteria and other
clinical features in a retrospective manner.
The history of a illness which might affect the CNS

and PNS (SLE patients with CNS involvement before,

except), chronic alcohol abuse history (according to
DSM-V criteria), presence of diabetes mellitus, coexist-
ence of other rheumatic diseases, thyroid dysfunction,
chronic renal failure, vitamin B12 and folic acid defi-
ciency, history of cerebral infarction and usage of
chemotherapy, antiepileptic drugs, methotrexate, colchi-
cine, talidomide and others drugs that can cause pher-
ipheral neuropathy were considered as exclusion criteria.
The study protocol was approved by our local ethical
committee (TÜTF-BAEK 2015/102). All patients were
informed about study design and gave written consent
to take part in the study.
All patients’ physical examinations were performed.

Their demographic and clinical characteristics were ob-
tained from hospital records. A detailed medical history
was taken from each patient and neurological examina-
tions were performed before the NCS. At the time of
initial diagnosis and at each visit, the patients were ques-
tionned for the presence of connective tissue disease
related symptoms like joint symptoms, Raynaud’s
phenomenon, oral ulcers, dry eyes, dry mouth, skin rashes
particularly after exposure to sunlight, and thrombotic
events. The SLE disease activity index (SLEDAI) score, ob-
tained from hospital records, were calculated for each pa-
tient. Patients with SLEDAI scores 6 or higher at the time
of initial diagnosis were taken as a separate group.
Antinuclear antibody (ANA), anti-ds-DNA and extract-

able nuclear antigen (ENA) antibodies results of SLE pa-
tients, which were taken previously during the diagnosis
period, were obtained from medical charts. ANA was de-
termined with indirect immunofluorescent method. Titers
at or above 1/100 were accepted to be positive. Anti-ds-
DNA was determined by the Crithidia lucilia method [21].
ENA (Anti-Ro, anti-La, Anti-Sm, anti-RNP, and anti-Scl-
70) were determined by immunoblotting. All ANA tests
were evaluated in the same laboratory with same method
by the same laboratory technician.

Electrophysiologic tests
NCS and CSP evaluation were performed in our electro-
physiology laboratory at Trakya University Department of
Neurology. Electrophysiologic studies were made using 4-
channel Medelec Synergy device. Tests were performed in
a semi-darkened, quiet room having a temperature of 25
C. Recordings were made 3 h after the lunch when the pa-
tient had empty bowels and an empty bladder. Electro-
physiological tests were carried out by only one clinician
blinded to the prior diagnose of participants.

Nerve conduction study
Oh’s methods were utilized for nerve conduction studies
[22]. In addition to median and ulnar sensory and motor
nerve conductions in upper limbs, peroneal, posterior
tibial motor nerve conduction and sural sensory nerve
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conduction velocity (meter/second) in lower limbs, amp-
litude (mili and microvolt) and distal latency (millisec-
ond) parameters were measured. For the motor nerve
conduction, lower limit was adjusted to 2–20 Hz, and
upper limit to 10 kHz. Ten milivolt and 50 milisecond
values were used for amplitude and sweep rate respect-
ively. Stimulation intensity was continued until the amp-
litude of the response is stable. Selected lower frequency
limit was in the 5–20 Hz range and upper frequency
limit was in the 2–3 kHz range during the sensory NCS.
Two hundred microvolts for amplitude and 20 milise-
cond for sweep were preferred.
The values obtained were compared with normal ref-

erence values our electrophysiology laboratory. Those
having NCS parameter abnormality for at least two dif-
ferent nerves were considered as polyneuropathy.

Cutaneous silent period
CSP measurements were performed on both upper and
lower limbs according to Oz et al. [23]. Firstly, patients’
pain thresholds were determined. To evaluate pain thresh-
old of the patients, a gradually increasing electrical stimula-
ton was given to lateral malleolus in lower extremity and
index finger in upper extremity, starting with 0.2ms dur-
ation and 0.6mA. The point where the patients started to
feel the pain was defined as pain threshold. CSP measure-
ments were performed on right side abductor pollicis brevis
(APB) muscle in upper extremity and right-side anterior
tibialis (AT) muscle in lower extremity. An electrical stimu-
lation of 15 times the pain threshold was given to right
hand index finger through ring electrode in the upper ex-
tremity. At the same time, patient was asked to abduct their
right thumb. Recordings were made using a bar electrode
from the right-side APB muscle when the patient per-
formed a voluntary contraction with an amplitude of 75%
of the maximal motor unit potential (MUP). For the right
leg, recordings were made using a bar electrode from the
right-side lateral malleolus when the patient performed a
contraction in AT muscle with an amplitude of 75% of the
maximal MUP after the nerve stimulation. An inhibited
period followed the MUPs gathered during the submaximal
contraction. This period, which is called CSP, was shown
on screen. Starting and ending latencies of the CSP dur-
ation were measured and it was calculated as CSP duration.
CSP was measured 10 times consecutively for each extrem-
ity and longest and shortest latency values were used.
Age and sex matched control group was used for com-

parison and CSP values ±2 standard deviation different
from those in the control group were considered as
pathological.

Neuropathic pain assessment
In order to the diagnosis of neuropathic pain the Leeds
Assessment of Neuropathic Symptoms and Signs

(LANSS) pain scale was used [24]. This scale consists of
5 neuropathic sensory disturbance domains complemen-
ted by 2 sensory examination items. We did not use the
sensorial part of this scale. The validation and reliability
of the Turkish version of the LANSS scale was accom-
plished [25].

Skin biopsy for epidermal nerve fiber density
Punched skin biopsy was performed, with a circular
blade in size 4 mm one times, in consecutive 12 SLE and
10 control subjects before electrophysiologic NCS. Skin
biopsy was applied in medial malleoli. Biopsy samples were
embedded paraffin sections and were cut by 0.5 μm slides.
For immunohistochemistry, paraffine slides were deparaffi-
nized in toluen and rehydrated in a series of graded alco-
hols, and the antigen was retrieved in 0.01mol/L sodium
citrate buffer. Sections were then treated with 3% of hydro-
gen peroxide to inhibit endogenous peroxidase. To prevent
non-specific binding of antibodies, they were incubated in
blocking serum (Thermo Scientific/Lab Vision) for 5min at
room temperature. PGP 9.5 (1:200; Novus, NB100–65827)
and IL-6 (1:400; Novus, NB600–1131) stainings were made
by immunohistochemically [26, 27]. 3-amino-9-ethyl-carba-
zole (AEC, Substrate System, Thermo Scientific/Lab Vision)
was used as a chromogene. Counterstaining was completed
with hematoxylin (Sigma, Germany). Epidermal nerve fiber
density was detected in every mm2. In addition, IL-6 stain-
ing density was detected and scored according to previous
literature [27]. Tissue sections were assessed under a light
microscope at magnification (400X, Olympus CX31, Japan).

Statistical analysis
SPSS 15.0 for Windows (SPSS Inc. Chicago, IL, USA)
was used for statistical analysis. Chi-square test was used
for comparing of categorical datas between groups and
unpaired t-test for comparing continious variables as
they had a normal distribution. Correlation analysis was
made using Pearson test.

Results
Fifty-one SLE (48 female, 3 males, mean age: 39.96 ±
9.4), and 46 healthy control subjects (42 females, 4
males, mean age: 40 ± 9.2) were included the study. The
distribution of sex and mean age of groups were similar
(p > 0.05). The clinical features of SLE patients were
shown in Table 1.
The mean level of upper and lower extremity latencies

were significantly higher in patients with SLE than in
healthy control subjects (p < 0.001). In addition, the
mean duration of upper and lower extremity were sig-
nificantly shorter in SLE patients than in controls (p <
0.001). The mean value of latencies and durations were
seen in Table 2. The mean upper latency is significantly
higher in active SLE patients (SLEDAI score ≥ 6) when
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compared to inactive patients (85.41 ± 4.9 vs. 78.6 ± 8.4,
p = 0.023). The mean level of upper latency of active SLE
patients tended to be higher (117.3 ± 22 vs. 108.3 ± 13.9,
p = 0.08).
There were 13 patientes with Lupus nephritis (LN),

and according to the 2003 International Society of
Nephrology (ISN)/Renal Pathology Society (RPS) Classi-
fication criterias [28], 6 of them were Class I (Minimal
mesangial LN), 4 of them were Class II (Mesangial pro-
liferative LN) and 3 of them were Class III (Focal LN).
LN was diagnosed with renal biopsy. Glomerular filtra-
tion rates (GFR) were significantly high in LN positive
(GFR: 78,6 ± 11,4 mL/min/1.73 m2) patients than LN
negative patients (GFR: 99,7 ± 13,8 mL/min/1.73 m2)
(p = 0.034). In SLE patients with nephritis, the mean
level of lower extremity latency was significantly higher
than in SLE patients without nephritis (119.4 ± 20.2 vs.
107.6 ± 14.3, p = 0.028). Other EMG measures (NCS)
were similar in patients with and without nephritis (all p
values >0.05). All the nerve conduction studies were
similar in patients with and without anti-dsDNA (all
p values >0.05).

Peripheral neuropathy was detected in 9 (17.6%) pa-
tients of the SLE. There was no significant difference be-
tween SLE patients with and without peripheral
neuropathy in their CSP values (p > 0.05). When we ex-
clude SLE patients with prominent peripheral neur-
opathy, we detected that the mean duration of upper
extremity was significantly lower in anti-dsDNA positive
group than in anti-dsDNA negative group (30.2 ± 7.3 vs.
35.5 ± 7.3, p = 0.029).
The mean level of latency and duration were similar in

SLE patients with and without hypocomplementemia,
arthritis, photosensitivity, serositis, CNS involvement
and other ENA antibodies. Age, treatment with antima-
larials, steroids, immunsuppressives (azathioprine, cyclo-
phosphamide), and hemogram parameters had no effect
on the NCS or CSP results. Also, LANNS score was not
associated with any clinical parameters and NCS or CSP
measure.
In SLE patients, SLEDAI scores correlated with upper

(r = 0.36, p = 0.009) and lower extremity latency (r = −
0.38, p = 0.008). The level of lower extremity latency also
correlated with ESR (r = 0.34, p = 0.01) and disease dur-
ation (r = 0.30, p = 0.03).
Epidermal nerve count and IL-6 staining density were

measured in skin biopsy samples. In SLE patients, the
mean number of epidermal nerves was significantly
lower and the severity of IL-6 was significantly higher
when compared to healthy control subjects (p values <
0.001) (Figs. 1 and 2).

Discussion
In our study, prolonged latency values were detected in
lower and upper limbs in CSP evaluations, whereas we
found a significant shortening of the CSP duration.
These results might support the common presence of
SFN in SLE. To our knowledge, there is no study so far
that is demonstrating SFN in SLE with the use of CSP.
Peripheral neuropathy is a known clinical entity in SLE
and it is described under the title of neurologic involve-
ment in new SLICC criteria [29]. There was no correl-
ation between CSP evaluation values and neuropathic
pain scores assessed by LANNS. However, early or sub-
clinical signs of neuropathy in SLE might be associated
with significantly affected CSP values.
Skin biopsy can be reliable for showing the loss in the

intraepidermal nerve fibers when clinical and neuro-
physiological studies are not satisfactory [30, 31]. Skin
biopsy is an easy to perform, highly sensitive, a minim-
ally invasive method. However, it is not practical as it
needs complex histologic techniques, special equipment
and expertise. In our study, we detected that epidermal
nerve fiber density significantly decreased in SLE pa-
tients when compared with the controls. Omdal et al.
[16] reported a significant decrease in epidermal nerve

Table 1 Clinical and laboratory characteristics of patients with SLE

n (F/M) 48/3

Disease duration (months) 72.9 ± 6.3

Arthritis, n (%) 36 (70.5)

Photosensitivity, n (%) 28 (54.9)

Raynaud’s phenomenon, n (%) 12 (23.5)

Discoid lupus, n (%) 7 (13,7)

Oral ulcers, n (%) 15 (29.4)

Serositis, n (%) 6 (11.7)

CNS involvement, n (%) 6 (11.7)

Renal involvement, n (%) 13 (25.4)

Thrombosis, n (%) 6 (11.7)

Autoimmune hemolytic anemia, n (%) 5 (9.8)

Thrombocytopenia, n (%) 6 (11.7)

Hypocomplementemia, n (%) 22 (43.1)

SLEDAI score (mean ± SD) 4.3 ± 3.4

SLEDAI score > 6 16

F Female, M Male, CNS Central nervous system, SLEDAI Systemic lupus
erythematosus disease activity index, SD Standard deviation

Table 2 Cutaneous silent period values of SLE patients and
control group

SLE Control p

Upper extremity
duration (ms)

33.81 ± 8.03 47.44 ± 7.51 < 0.001

Lower extremity
latency (ms)

111.14 ± 17.14 92.72 ± 13.76 < 0.001

Lower extremity
duration (ms)

30.90 ± 8.88 49.44 ± 8.39 < 0.001
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fiber density in SLE patients similar to our study. Tseng
et al. [17] reported that the frequency of intraepidermal
skin denervation (82.2%) was significantly more frequent
in SLE patients than abnormal quantitative sensory test
(33.3%) and abnormal NCS (31%). This study reveals the
insufficiency of the electrophysiological methods. In that
study, a decreased intraepidermal nerve fiber (IENF)
density was detected in patients with active SLE com-
pared to the ones who have inactive SLE. It has been
suggested that small fiber involvement was affected by
the disease activity. However, a decreased IENF density
was also detected in patients with inactive SLE com-
pared to control group. In our study, the relationship
between SLEDAI score and the latency of the upper
limb, suggest that CSP is affected by the disease activ-
ity. However, we could not find a relationship be-
tween CSP and indicator of the disease activity
including C3 level. Already, conflicting results have
been obtained from studies conducted based on hypo-
complementemia [32–34].
Relevant studies suggested that there is no relationship

between increased SFN and clinical manifestation and
presence of autoantibodies along with disease activity in
SLE [32]. Factors such as age, duration of disease, ENA

results, hypocomplementemia, hematologic or specific
organ involvement and arthritis had no effect on SFN re-
sults in our study.
However, renal involvement was related to SFN in our

study. Acoordingly, in SLE patients with nephritis, the
mean level of lower extremity latency was significantly
higher than in SLE patients without nephritis, GFR levels
are also lower in the LN positive group. Prolonged CSP
duration and latencies may be related to SLE itself or to
low GFR in this group. However, our analysis showed
that CSP latency and duration of LN negative patients
were also longer than the controls, therefore, we think
that this is directly related to SLE rather than renal in-
volvement in SLE. Patients with renal involvement were
not in the last stage of renal failure. This situation might
be associated with the SFN due to increased disease ac-
tivity or advanced stage of the disease.
Peripheral neuropathy was detected in 9 of the pa-

tients using NCS. Consistent with our study, in a study
of SLE patients, Goransson et al. [32] performed skin bi-
opsy, NCS and neurologic examination for detecting
peripheral neuropathy. Abnormal NCS results were de-
tected in 11 cases (18%) and they were reported as major
nerve damage. Of these, a decrease in IENF density was

Fig. 1 The epidermal nerve density in SLE patients and controls. a SLE, b Controls, c Bar graph
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detected in only 2 patients, and signs of peripheral neur-
opathy were reported in 3 patients. A decrease in IENF
density was alone detected in the remaining 6 patients.
About this result, researchers concluded that small and
large fiber neuropathy in SLE might be associated with
different pathophysiologic mechanisms. Nerve denerv-
ation in SLE patients has been reported to be present
not only in patients with peripheral neuropathy and also
in those with CNS involvement as well [32]. In our study
we could not find an association between CNS involve-
ment and CSP. Furthermore, the association between
CNS and PNS involvement and different mechanisms
might be another factor.
Although the pathophysiological process leading to

SFN is uncertain, it is thought to be directly or indirectly
immune mediated [33, 34]. Vasa nervorum and epi-
neural arteries might be affected in systemic vasculitis,
causing nerve degeneration [35, 36]. In addition to this,
some researchers stated that small nerve fibers might be
more sensitive to vasculitis and neuropathy than large fi-
bers. Moreover, it is proposed that antibodies only react-
ing with small fibers occur due to a nonspecific
activation of B cells or a general immune activation as-
sociated with other factors in some of the SLE patients
[37, 38]. However, except for anti-dsDNA, there was no

correlation between autoantibodies and SFN or NCS in
our study.
In our study, we detected an abnormal finding in SLE

patients using a noninvasive method which can be car-
ried out in a simple electrophysiology laboratory and
relatively invasive skin biopsy. Consequently, longitu-
dinal studies are needed to determine what the outcome
of SFN would be in the long term.

Conclusion
In conclusion, we found a striking SFN in patients with
SLE using CSP in our study. Despite similar findings in
the previous studies, it is important that we detected
SFN at a simple electrophysiology laboratory and with
the use of a noninvasive method. Nephritis and presence
of anti-dsDNA in a specific subgroup were signs found
to be associated with SFN. Decreased epidermal nerve
density in skin biopsy also supports the increased SFN
in SLE patients. However, what this finding means in the
long term must be assessed, because the association with
neuropathic pain score could not be shown.
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