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Abstract
Introduction: Systemic lupus erythematosus (SLE) is a disease characterized by sensorineural hearing loss, tinnitus and vestibular disorders. 

Studies have shown that vestibular symptoms are quite common in patients with SLE. The aim of this study was to evaluate the relationship between 
cervical vestibular evoked myogenic potential (cVEMP) test and saccular dysfunction and the possible relationship between SLE and vertigo in 
patients with SLE. 

Materials and methods: Forty-six SLE patients (aged 18-40 years) and forty healthy volunteers (aged 20-40 years) were included in the study. 
Patients with SLE were questioned about their duration of the disease, hearing status and balance. Pure-tone audiometry, tympanometry and cVEMP 
tests were performed to all patients in SLE and control groups.

Results: When P1 and N1 latencies were compared by the cVEMP in SLE and control groups, P1 and N1 latencies of the left and right ears of the 
SLE group were found to be significantly longer than the control group (p <0.05). In twenty-six SLE patients with vertigo, P1 and N1 latencies were 
significantly longer than patients with SLE without vertigo. There was also a significant relationship between vertigo and duration of the disease (p 
<0.05). It was found that the rates of saccular dysfunction were higher in patients with SLE.

Conclusion: This study showed a strong association between the balance disorders and SLE which is an autoimmune disease. Patients with SLE 
had a higher rate of saccular dysfunction, and there was a significant relationship between duration of the disease and vertigo.
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Introduction
Systemic lupus erythematosus (SLE) is an idiopathic, chronic, 

autoimmune connective tissue disease that may affect all organs 
and systems. The disease usually begins between 16-55 years of 
age and the rate of prevalence among women and men is 1/9-10 
[1]. In SLE patients, sensorineural hearing loss and ear symptoms 
were first identified by Kastanioudakis et al. [2] and Sperling et 
al. [3]. In patients with SLE, sensorineural hearing loss, tinnitus 
and vestibular disorders have been detected [4,5]. The clinical 
presentation of SLE may be moderate or severe. All organs are 
susceptible to the disease during the process [6]. In a questionnaire, 
the frequency of audio vestibular symptoms, including vertigo, has 
been found significantly higher in SLE patients than the control  

 
subjects [7,8]. In a histopathological study, the mean density of 
type I cells in peripheral vestibular sensory epithelium has been 
found significantly lower in patients with SLE [9]. The production 
of humoral antibody, immune complexes and autoantibodies 
circulating in SLE are the main causes of organ damage. The 
presence of vasculitis in the stria vascularis, spiral ligament and 
internal auditory artery may cause otologic symptoms [3]. 

The aim of this study was to evaluate the frequency of vertigo 
and saccular function with cervical vestibular evoked myogenic 
potential (cVEMP) test in patients with normal hearing who were 
diagnosed with SLE and had no other systemic disease.
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Materials and Methods
This study was carried out with the consent of the cases in the 

Audiology Unit of the Department of Otorhinolaryngology. The 
ethics committee approval was obtained with the decision of the 
Ethics Committee of the Research on Humans to be held on people, 
dated 20/11/2018 and numbered 294626. Forty-four SLE patients 
between 18-40 years (mean 33.18±6.5 years) and forty healthy 
volunteers between 20-40 years (mean 31.3±6.2) were included 
in the study [10]. All patients were administered with steroid + 
hydroxychloroquine. Patients with SLE were divided into three 
groups according to the duration of the disease (Group 1: 1-5 years, 
Group 2: 6-10 years, Group 3: 11 years and above). 

The inclusion criteria for the SLE groups were the definitive 
diagnosis of SLE, normal otological findings, immittance 
audiometry levels in normal range, bilateral acoustic reflexes and 
having a pure-tone average (PTA) within normal range [11]. The 
inclusion criteria for the control group were the absence of any 
known systemic and chronic diseases, normal otological findings, 
immittance audiometry levels in normal range, bilateral acoustic 
reflexes and having a pure tone average within normal range [11]. 
All of the patients in the SLE group and control group underwent 
ear examination, pure-tone audiometry, tympanometry and cVEMP 
tests. The duration of the disease, hearing status and vertigo in SLE 
patients were recorded.

Performing and recording of cVEMP test

In cVEMP tests; two separate waveforms were obtained and 
recorded by averaging 250 responses to the stimuli delivered at the 
repetition rate of 7.1/sec with an intensity level of 105dB nHL using 
the click stimulus at alternating polarity, 80 msec recording range, 
10 Hz / 1kHz filter interval. In cVEMP measurements, Medelec 
Brand Synergy Model ABR device (Natus, A.B.D.) and standard 
intra-auricular TDH-49P headphones were used.

During recording, the gold-plated disc electrodes were 
placed as follows; the active electrode in the middle of the 
sternocleidomastoid (SCM) muscle, the reference electrode on 
the sternoclavicular joint where the SCM muscle attached to the 
sternum, and the ground electrode at the center of the forehead. 
During the application, the patient was asked to turn the head to 
the opposite side of the ear to be tested during the test while sitting. 
The impedance difference between the electrodes was below 3 

kΩ. In our study, the change rate of mean peak latencies of P1-N1 
biphasic waves were evaluated according to the ears, age, duration 
of disease and presence of vertigo with a stimulus delivered with a 
repetition rate of 7.1/sec and intensity level of 105 dB nHL.

Statistical analyses

The data were first transferred to Microsoft Office Excel and 
analyzed using SPSS 22.0 (IBM Corp. Released 2013. IBM SPSS 
Statistics for Windows, Version 22.0. Armonk, NY, USA) program. 
Categorical measurements were summarized as numbers and 
percentages, and numerical measurements as mean and standard 
deviation (median and minimum-maximum where necessary). 
The Kolmogorov Smirnov test was used to determine whether the 
variables showed normal distribution according to the groups. 
Independent Samples T test was used to compare numerical 
measurements between groups. Dependent T-test (paired t-test) 
was used to compare dependent numerical measurements. Kruskal 
Wallis test was used for general comparison between groups with 
more than two numerical measurements which are not normally 
distributed for the cases that were significant in this comparison, 
Bonferroni-corrected Mann-Whitney U-test was used for pairwise 
comparison of groups. The Pearson Correlation Coefficient and the 
corresponding p-value were obtained to examine the interaction 
between the numerical measurements. Statistical significance level 
was taken as 0.05 in all tests.

Results
Forty-four SLE patients and forty healthy volunteers were 

included in the study. No statistically significant difference was 
observed between the study and control groups in terms of patient 
ages. The disease duration of patients in the SLE group was between 
1-25 years. The cVEMP results of the patients with 1-5 years, 6-10 
years and 11 years and above of disease duration were evaluated. 
When P1/N1 latencies of SLE and control groups were compared, 
it was observed that the P1/N1 latencies of the right and left ears 
of the patients with SLE were significantly longer than the control 
group (p <0.05) (Table 1). No difference was found between right 
and left ear latencies of SLE patients and control group. In the SLE 
group, 26 (59%) of the 44 patients had vertigo. The P1 and N1 
latencies were significantly longer in SLE patients with vertigo than 
those without vertigo. There was also a significant relationship 
between vertigo and disease duration (p <0.05) (Table 2).

Table 1: Comparison of VEMP latencies between groups.

 Control group Mean ± SD SLE group Mean ± SD P

Right P latency 13.3±0.8 15.4±1.8 0.001*

Right N latency 23.2±0.5 25.8±1.5 0.001*

Left P latency 13.3±0.7 15.5±1.9 0.001*

Left N latency 23.4±0.6 25.2±1.4 0.001*

Student t Test, *p<0.05,

SD: Standard deviation, SLE: Systemic lupus erythematosus.
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Table 2: Comparison of latencies and duration of disease in SLE patients with and without vertigo.

 SLE patient with vertigo Mean ± SD SLE patient without vertigo Mean ± SD P

Right P latency 16.5±1.5 13.9±0.7 0.001*

Right N latency 25.7±1.3 23.5±0.4 0.001*

Left P latency 16.7±1.6 13.8±0.7 0.001*

Left N latency 25.8±1.2 23.7±0.6 0.001*

Duration of disease 9.2±4.2 5.5±4.1 0.015*

Student t Test, *p<0.05,

SD: Standard deviation, SLE: Systemic lupus erythematosus.

Patients with SLE were compared according to the duration 
of the disease [(1-5 years), (6-10 years), (11 years and above)], 
age, and P1/N1 latencies. No significant difference was observed 
between the groups by means of age. There was a significant 
difference between P1-N1 latencies and the duration of the disease 

in the right ear (p <0.05). It was observed that P1 latencies were 
prolonged significantly among the patients between the ages of 
1-5 years and 11 years according to the duration of the disease. No 
significant difference was observed in N1 latencies (Table 3). 

Table 3: Comparison of P1/N1 latencies of the SLE patients according to age and duration of disease.

  1-5 years Median (min-max)  11 years and above Median (min-max)  P

Age 33.00 (18-40) 37.00 (25-40) 0.519

Right P latency 14.4 (13.0-16.7) 16.5 (13.8-18.9)  0.030*

Right N latency 23.7 (23.0-29.3) 25.2 (23.0-28.7) 0.142

Left P latency 13.9 (13.1-19.4) 15.8 (13.8-18.2) 0.031*

Left N latency 23.7 (23.0-28.9) 25.5 (24.2-27.2) 0.145

SLE: Systemic lupus erythematosus
Mann Whitney U Test; *p<0.05

Median: Average, min-max: minimum-maximum.

Table 4: Evaluation of the frequency of vertigo in SLE patients according to disease duration.

Vertigo 1-5 years n (%) 6-10 years n (%) 11 years and above n (%) P

+ 6 (33.3) 10 (71.4) 10 (83.3)
0.013*

- 12 (66.7) 4 (28.6) 2 (16.7)

SLE: Systemic lupus erythematosus,

Kruskal Wallis Test; *p<0.05,

n: patient number, %: percentage.

When the groups were compared in terms of duration of the 
disease and frequency of vertigo, 6/18 (33.3%), 10/14 (71%) and 
10/12 (83%) patients with a duration of disease between 1 and 5 
years, 6-10 years, and 11 years and above had vertigo, respectively. 
It was found that the frequency of vertigo increased as the duration 
of the disease increased (Table 4).

Discussion
SLE is an extremely complex and multifactorial autoimmune 

disease with unknown etiology, caused by various genetic 
and environmental factors, characterized by the presence of 
autoantibodies, involving multiple organs [12]. Several studies have 
shown that vasculitis develops in the capillaries and arterioles due 
to autoimmune complex accumulation. Temporal bone studies have 
reported the presence of antiphospholipid syndrome and vascular 
thrombosis mechanisms that cause the accumulation of free radicals 
in the cochlea and stria vascularis [13]. Ear-related symptoms of SLE 

are chronic otitis media, progressive sensorineural hearing loss and 
vertigo. Viral infections, vascular lesions and immune mechanisms 
can all be effective in internal ear damage [14]. In addition, if the 
levels of circulating DNA-anti-DNA exceeds the level of cleansing 
capacity of the immune complexes, these immune complexes can 
accumulate in various tissues, including glomerulus, and may cause 
local damage [15].

Vestibular symptoms are quite common in patients with 
SLE [16]. In addition, the presence of audio vestibular disorder, 
endolymphatic and cochlear hydrops in patients with SLE have 
also been reported [17,18]. A strong relationship between SLE 
and balance disorders has been suggested, but the association 
of vestibular system in patients with SLE has not been fully 
investigated [19]. In our study, vertigo status and duration of the 
disease were investigated in patients with SLE and saccular function 
was evaluated by cVEMP. In a study, investigating the relationship 
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between SLE and saccular hydrops, cVEMP has been performed in 
thirty patients and P1-N1 latencies were shown to be prolonged 
[20]. In another study, twenty patients with SLE underwent cVEMP 
testing and P1-N1 latencies were seen to be significantly prolonged 
[21]. However, no evidence of vestibular system has been found in 
both studies. Relationships between disease duration and latency 
of cVEMP have not been investigated in these studies.

In our study, when P1 and N1 latencies were compared between 
forty-four SLE patients and forty control subjects, P1 and N1 
latencies of the left and right ears of the SLE patients were found to 
be significantly longer than the control group (p <0.05). In addition, 
26 (59%) SLE patients with vertigo had significantly longer P1 and 
N1 latency values than SLE patients without vertigo. Also, there was 
a significant relationship between vertigo and disease duration (p 
<0.05).

In another study, electronystagmography (ENG) has been 
performed in SLE patients and abnormal findings have been found 
to be significantly higher than healthy subjects [18]. Another study 
confirmed the presence of abnormalities in the vestibular system 
via videonystagmography (VNG) and dynamic posturography in 
pediatric patients with SLE [16]. 

In a histopathological study, type I hair cells of the cristas in 
the three semicircular canals, saccular macula and utricular macula 
have been observed to be affected and the mean density of type 
I cells was lower in the SLE group when compared to the control 
group. However, type II hair cells were found to be unaffected. The 
intensity of type I and type II hair cells has not been associated 
with the duration of SLE [9]. In a study by Sone et al. [22], the 
temporal bone of the patients with SLE has been investigated using 
histopathologic methods and loss of spiral ganglion cells, loss of 
hair cells in varying degrees and atrophy in stria vascularis have 
been shown. Also, cochlear hydrops and stenosis in endolymphatic 
duct have been observed in seven cases. When the SLE group 
was compared with the control group, it has been observed that 
a significant amount of peripheral type vestibular pathology is 
present in the SLE group. 

Regarding this information, we aimed to evaluate the saccular 
function causing balance disorder by performing cVEMP in patients 
with SLE and to investigate the effect of duration of the disease on 
vestibular system. Previous histopathological studies performed 
with VNG and dynamic posturography have shown that the 
vestibular system is affected. In our study, it was found that saccular 
dysfunction was more and latencies were prolonged in patients with 
SLE who underwent cVEMP test. We showed that as the duration 
of the disease increased, latencies were prolonged in cVEMP. The 
results revealed that the frequency of vertigo was higher as the 
disease duration increased. The most important limitation of this 
study is the low number of cases and the fact that the vestibular 
test battery has not been used in which the entire vestibular system 
is evaluated. However, there are only two studies in literature on 

cVEMP testing in patients with SLE and the relationship between 
SLE, duration of the disease and vestibular system and their effect 
on latencies have not been evaluated. This is a different aspect of 
our study.

Conclusion
As a result, it was found that saccular dysfunction was more 

and latencies were prolonged in patients with SLE who underwent 
cVEMP test. We showed that as the duration of the disease increased, 
latencies were prolonged in cVEMP. The results revealed that the 
frequency of vertigo was higher as the disease duration increased. 
it should be kept in mind that vestibular system findings may occur 
in patients with SLE and we think that evaluation of vestibular 
system should be performed at certain intervals.
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